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Meeting Report of Working Group Spectrum
The Spectrum Working Group met three times and considered 22 input contributions.  General liaison statements, a contribution from Colombia (5D/69), and four contributions on frequency arrangements were handled at the plenary level.  The focus of the work at this meeting was on sharing studies.  The technical contributions on sharing studies were attributed directly to SWG Sharing for consideration. 

SWG Sharing

As a result of the work of SWG Sharing, under the leadership of Acting Chairman Jean‑Philippe Millet (France) as well as DG MBWA and DG FBWA, under the guidance of Reza Arefi (Intel) and Michael Kraemer (Germany) respectively, the following issues were progressed:

–
Sharing between MBWA and IMT 

–
Sharing between FBWA and IMT (consideration of additional studies)

–
Sharing in the 2300-2400 MHz band

–
Sharing in the UHF band

On MBWA, the working document toward a PDNR will be carried forward to the next meeting.  A correspondence group was established and Terms of Reference were agreed in order to progress the work on the working document toward a PDNR on MBWA sharing between this meeting and the 2nd meeting of WP 5D.

On FBWA, it was agreed that work toward a revision of Report ITU-R M.2113 will begin at the next meeting of WP 5D to include the study on sharing between 802.16-2004 and TD-SCDMA.  A detailed workplan was developed and approved.

In the discussions in SWG Sharing and WG Spectrum relating to the sharing in the UHF band, careful attention was paid to the Terms of Reference of JTG 5-6 as outlined in CA/171 in order to ensure that the work in SWG Sharing would not duplicate the work of the JTG.  

Based on the past experience, it is necessary that sharing between broadcasting and other primary services be properly studied by relevant ITU-R working parties. To this effect, a liaison statement is to be sent to Working Parties 6D, 5B and 5C, and JTG 5-6, with the detailed workplan on the studies on the UHF band attached.

The work of SWG Sharing is summarized in Attachment 5.1 to this report.

Frequency Arrangements

WG Spectrum recognized that, as a result of WRC-07, WP 5D has to develop frequency arrangements for the following bands that were identified for use by administrations wishing to implement IMT: 450-470 MHz, portions of 698-862 MHz, in particular 698-806 MHz and 790‑862 MHz, 2 300-2 400 MHz, and 3 400-3 600 MHz.  It was decided to proceed with updates to Recommendation ITU-R M.1036 and a detailed workplan was approved.

It was recognized that particular attention should be paid to the Terms of Reference of JTG 5-6 as contained in CA/171 (Annex 10) in order not to duplicate effort.  It was also recognized that inclusion of frequency arrangements for these bands would not imply availability for deployment of IMT, which is a national decision. 

WG Spectrum agreed on the following method of work:

–
countries and regions contribute plans and proposals for spectrum arrangements;

–
common arrangements to the extent possible are developed within WP 5D, and 

–
the spectrum arrangements are prepared for updating of the Recommendation 
ITU‑R M.1036.

The meeting noted that considering the variability in timing and the exact bands employed, maintaining flexibility for individual countries and regions to meet their own requirements based on their market demand is essential in the development of frequency arrangements. 
It was agreed that it is important that spectrum arrangements facilitate harmonised solutions which allow the greatest commonality of equipment implementations for different markets, taking into account the possible differences in available spectrum and bandwidth assigned for networks. Frequency arrangements need to provide flexibility in timing and in the level of implementation for individual countries and regions, in order to meet their particular requirements. 

The following factors are considered relevant to the development of these frequency arrangements:

–
common global frequency arrangements, to the greatest extent possible, to facilitate roaming and border coordination;

–
the efficient use of spectrum;

–
the need for broadband capabilities in accordance with IMT-Advanced requirements;

–
economies of scale for equipment;

–
that some of the bands identified for IMT at WRC-07 are already in use in some countries for IMT;

–
allocations and the compatibility
 with  existing usage in relevant bands; 
–
maintaining flexibility for individual countries and regions to meet their own requirements based on their market demand is essential in the development of frequency arrangements.
Documents

The following detailed workplans (see Att. 2.9 to this report) were approved:

–
MBWA sharing. 

–
Sharing studies in the UHF band.
–
Sharing studies in the 2 300-2 400 MHz band. 

–
FBWA sharing. 

–
Frequency arrangements. 

The following output documents were approved in the Spectrum WG:

–
LS to ITU-D SG 2 and ITU-T SG 19 (see Att. 5.3).
–
LS to WP 6D, 5B, 5C and JTG 5-6 (see Doc. 5B/39).
–
LS to WiMAX Forum and IEEE (see Att. 5.2).
–
Terms of Reference of MBWA Correspondence Group.
The Acting Chair would like to thank Mr Millet, Mr Arefi, and Mr Kraemer for their leadership and support.

Documents to be carried forward: 5D/48, 5D/4
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Source:
Doc. 5D/TEMP/12(Rev.1)

Report of Sub-Working Group Sharing
1
Introduction

Sub-Working Group Sharing met on three occasions at the 1st meeting of WP 5D in Geneva with approximately 40 delegates in attendance.  The group considered 4 liaison statements from WP 4A and WP 8A which were noted; no action was required from WP 5D. The group also considered the document from SG 8, which noted that further work within Working Party 5D was required on the document dealing with sharing between DVB and IMT. In addition, 11 input contributions were examined by the group dealing with the following subjects: Sharing between MBWA and IMT, Sharing between FBWA and IMT, sharing studies in the 2 300-2 400 MHz band and sharing studies in the UHF band.

Two drafting groups were established to progress the work as follows:

i. Drafting Group (MBWA) chaired by Mr R. Arefi (USA) revised Attachment 5.2 to the Chairman’s Report of the 22nd meeting of WP 8F on sharing studies with mobile BWA systems.  

ii. Drafting Group (FBWA) chaired by Mr M. Kraemer (Germany) examined the opportunity to revise the Report ITU-R M.2113 dealing with the sharing between IMT and fixed BWA including nomadic.

The work relating to the two other subjects (sharing studies in the 2 300-2 400 MHz band, and sharing studies in the UHF band) was limited to drafting the corresponding detailed workplans.

2
Summary of outcomes

2.1
Liaison statements

On the basis of the content of Document 5D/70, one liaison statement was sent to IEEE and the WiMAX Forum, asking for clarification on the ACS values of WiMAX TDD systems. The corresponding document is in Attachment 5.2 to this report.

2.2
Progress on sharing studies 

The following progress was made on the sharing studies:

i. MBWA: the working document towards an ITU-R Report on sharing between MBWA and IMT was revised, based on the contributions received at this meeting. (see Att. 5.5 to this report).

ii. FBWA: based on input contributions from China, the discussion about the opportunity to revise Report ITU-R M.2113 was initialized since the detailed workplan had left the door open for the inclusion of additional studies in the Report. However, the material from the Chinese study was not included in a working document towards a revision of the Report at this stage, due to numerous questions on the content from the delegates. Those questions and additional information about the FBWA activity during this WP 5D meeting can be found in Annex 1 of this report.

iii. Sharing in the 2 300-2 400 MHz band: this work item was initialized through the elaboration of the detailed workplan (see Att. 2.9 to this report).

iv. Sharing in the UHF MHz band: this work item was initialized through the elaboration of the detailed workplan.

Regarding the studies in the UHF band:

Based on past experience, it is necessary that sharing between broadcasting and other primary services be properly studied by relevant ITU-R Working Parties. To this effect, a liaison statement is to be sent to WP 6D, with the detailed workplan on the studies on the UHF band attached.

Statement from NDR and ZDF on the sharing studies in the UHF band:

“Taking into account the difficulties ITU-R WP 8F had to take into account real DVB-T deployments and to apply advices received from Working Party 6E in order to adequately protect broadcasting services during the last study period, NDR and ZDF are of the view that the compatibility studies between DVB-T and IMT should be led by ITU Working Party 6D, with the exception of the aspects addressed in JTG 5-6, broadcasting being the “victim” service.”

2.3
Correspondence forum

To facilitate the work prior to the 2nd meeting of WP 5D it was decided to continue with the existing correspondence group forum on MBWA sharing studies with revised terms.  The agreed terms of reference for this forum are contained in Document 5D/TEMP/13(Rev.2). The correspondence group will make use of the “jive” facility on the WP 5D web site.

3
Documents to be carried forward

SWG Sharing recommends that input contributions in Documents 5D/48 and 49 (from China on FBWA) should be carried forward to the 2nd meeting for further consideration.
4
Detailed workplans and future work programme

The existing detailed workplan on MBWA was revised and the group also elaborated 3 additional detailed workplans on sharing FBWA, sharing in the 2 300-2 400 MHz band and sharing in the UHF band (see Att. 2.9 of this report).

5
Conclusion
I would like to express my appreciation to Mr. Arefi and Mr. Kraemer for their assistance in chairing the drafting groups, as well as to Mr. Taylor for his editing work.  Additionally, I would like to thank the participants of SWG Sharing for their contributions and their cooperative approach to the discussions during this meeting. 

Finally, the meeting wishes Mr Taylor a happy retirement.

Annex 1

Report of DG FBWA 

DG FBWA met for one session to consider the revision of Report ITU-R M.2113 “Sharing studies in the 2 500-2 690 MHz band between IMT-2000 and fixed broadband wireless access (BWA) systems including nomadic applications in the same geographical area” (FBWA report) based on input contributions 5D/48 and 5D/49.

Document 5D/48 from China proposes to add a new sharing study between TD-SCDMA and FBWA in the 2 500-2 690 MHz band to the FBWA report that was approved at the last Study Group 8 meeting (June 2007). The document contains mainly input parameters and a methodology for this new study and consequential modifications to the relevant sections of the FBWA Report with results to be added at the next meeting of WP 5D.

The DG felt that this proposal was generally in line with the Chairman’s Report of the 22nd meeting of WP 8F (23-31 May 2007, Kyoto) which states that the 23rd meeting of WP 8F (i.e. the 1st meeting of WP 5D) should consider a revision of the FBWA report to allow the inclusion of other studies. 

However, instead of including the new material into a working document towards a revision of the FBWA report (which has not yet been published by the ITU-R) at this meeting, the DG agreed to carry forward Document 5D/48 to the next meeting of WP 5D and capture the intial comments regarding the input parameters and methodology in the chairman’s report. Further work will be carried out until the next meeting of WP 5D with the intention to develop a working document towards a draft revised report on FBWA sharing at that meeting.

Consequentially, a detailed workplan for this activity was developed as contained in Att. 2.9 to this report.

Initial comments regarding the new study that were received during the DG session include:

· The CDMA-TDD parameters in Table 2.3-2A are based on various sources (Reports ITU‑R M.2030 and ITU-R M.2039, 3GPP specifications). Thus it would be beneficial to add a reference for each of the parameters.

· The study considers three consecutive 1.28 Mcps CDMA-TDD carriers as an equivalent 5 MHz carrier. The question was raised whether this has an impact on the ACLR values and other input parameters.

· It was noted that the study assumes (section 2.5.2.8A) that the CDMA-TDD and 802.16‑TDD system are synchronized.

Document 5D/49 from China points out an editorial error in the current FBWA Report (Table 2.6.3.1-9). Pending consultation with the BR, it might still be possible to correct this error prior to the publication of the report. However, if this turns out not to be possible due to the BR internal processing of the document, this correction should be made in the revision of the report at the next meeting of WP 5D. In the latter case, Document 5D/49 should also be carried forward to the next meeting. 
attachment 5.2

Source: Doc. 5D/TEMP/6(Rev.1)

Liaison statement to IEEE and WiMAX Forum

Request for clarification on OFDMA-TDD-WMAN
BS and MS ACS values
At its meeting held in Geneva, 28 January-1 February, WP 5D discussed the values of the Adjacent Channel Selectivity (ACS) for OFDMA-TDD-WMAN base stations (BS) and mobile stations (MS) given in Report ITU-R M.2116 and those calculated with the ACR defined in ITU-R Recommendation M.1457-7 based on Document 5D/70.

WP 5D has noted significant differences, given in the table below, between the ACS values given in Report ITU-R M.2116 and those derived from Recommendation ITU-R M.1457-7.

The calculated values were derived using the following formula:
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	ACS in ITU-R Report M.2116
	ACS calculated with ACR 
defined in ITU-R Rec. M.1457-7

	
	Base station
	Mobile station
	Base station
	Mobile station

	ACS_1 (dB)


	70
	40
	26.7 
(16QAM-3/4)

23.9 
(64QAM-2/3)
	26.7 
(16QAM-3/4)

23.9 
(64QAM-2/3)

	ACS_2 (dB)


	70
	59
	45.7 
(16QAM-3/4)

42.9 
(64QAM-2/3)
	45.7 
(16QAM-3/4)

42.9 
(64QAM-2/3)


WP 5D kindly requests assistance from the IEEE and the WiMAX Forum in helping to solve the differences between the ACS values given in Report ITU-R M.2116 and those derived from Recommendation ITU-R M.1457-7, noting that the next meeting of WP 5D is scheduled for 
24 June - 1 July 2008. 

Status:

For response
	Contact:
	Colin Langtry


	Tel:
+41 22 730 6178
E-mail: colin.langtry@itu.int


attachment 5.3

Source:

Document 5D/TEMP/3(Rev.1)

Liaison statement to ITU-D Study Group 2 
and ITU-T Study Group 19

At its January 2008 meeting, WP 5D received Document 5D/69 from Colombia: “Proposal of sectorial survey into a national process of adoption of IMT”.  This document proposes a set of key questions, the answers to which would assist national regulators in making decisions regarding the deployment of IMT technologies.

Document 5D/69 proposed the creation of a survey of regulators on topics related with the process of adoption and deployment of IMT technologies.  It was the view of the meeting that such a survey would be outside the purview of WP 5D and might fall more appropriately in the purview of ITU‑D Study Group 2, in particular the ongoing work of Question 18-1/2 on “Implementation aspects of IMT‑2000 and information-sharing on systems beyond IMT-2000 for developing countries”.  

Therefore, WP 5D would like to call this document to the attention of ITU-D Study Group 2 for its consideration and possible action, and encourage the Administration of Colombia to participate in that work.

In addition, it was felt that the questions raised in Document 5D/69 may be of value to the Handbook Group in ITU-T SG 19, as an indication of the areas of particular interest to national regulators.
Status: 

For action
Contact:
Ms Amy SANDERS
E-mail: alsanders@alcatel-lucent.com
Attachment: 
Document 5D/69 (Electronic only)
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Document 5D/TEMP/13(Rev.3)

Terms of reference for “MBWA Sharing”
Correspondence Group 
The Correspondence Group will work in the period between WP 5D meetings 1 and 2 to produce a draft Report on Sharing between IMT-2000 and other MBWA systems operating in the 2 500 to 2 690 MHz band for submission to the 2nd meeting of WP 5D with the purpose of facilitating the completion of the PDN Report in meeting 2 of WP 5D according to detailed workplan for this study. Work will be conducted on the Jive facility using the old WP 8F group called “MBWA Sharing”.
The Correspondence Group will use the working document presented in Att. 5.5 to Doc. 5D/97 as a basis for the PDN Report MBWA Sharing.
Based on the inputs by the participants, the Correspondence Group should:

1)
Undertake discussions on the technical contents of the working document. 

2)
To improve the document further as agreed by the Correspondence Group participants

3)
To require the Correspondence Group Chairman to update the working document with the agreed upon improvements and submit it in the form of a contribution to the 2nd meeting of WP 5D one month before the start of said meeting.

Specifically, the following topics were identified as needing further attention:

–
Unresolved issues with System A including ACLR values.
–
Review of new added analyses to System B during WP 5D meeting No. 1 including effect of additional filtering.
–
Harmonizing the propagation model in System A with the model in Recommendation ITU‑R P.1411-4.
–
Editorial clean up of the document.

The Chairman of the Correspondence Group will be:

	
	Joanne WILSON
CompassRose International
USA
	Tel:
+1 202 669 4006
E-mail: jwilson@compassroseintl.com


Vice Chairman:

	
	Reza AREFI
Intel Corporation
USA
	Tel:
+1 503 830 5486
E-mail:
 reza.arefi@intel.com


attachment 5.5
Source:

Document 5D/TEMP/5(Rev.1)

Working document towards a preliminary draft new Report on sharing studies in the 2 500-2 690 MHz band between IMT-2000 and Mobile Broadband Wireless Access (MBWA) systems in the same geographical area
[Editor’s note (30/01/2008): This working document incorporates WP5D/24, 37, 38 and 47 into WP5D/9 –embedded document]

[Editor’s note: Studies below are based on parameters that have been reviewed and/or verified by the responsible WPs in ITU-R.] What does “have been reviewed and/or verified …” really mean? In one case we have standardized parameters, but not in all cases…so how should we describe those? 
[Editor's note: Sharing studies addressing other MBWA systems are invited to be submitted to future meetings of WP 8F for inclusion in future revisions of this Working Document. Prior to the completion of this report the drafting group should determine what, if any, other “IMT-2000 vs. MBWA” sharing studies or scenarios should be recommended for the future.]
[Editor’s note: The technical material in this document has yet to be reviewed in a meeting of WP 8F]

[Editor’s note: It was agreed within the Correspondence Forum that the “MBWA Sharing” studies would adopt the resolutions and potential corrections of the propagation models that is decided for the “F/NBWA Sharing” studies.  It is possible and likely that the simulation results throughout this document will have to be revised based on the outcome of the discussions on this topic.]

[Editor’s note: The studies in this report should be revised, if necessary, to use the system characteristics from M.2039 and not M.2030.  It is also recognized that the system characteristics in M.2039 are specific to the 2.1 GHz band, however the characteristic used herein are considered appropriate for this study.]

1
Introduction and scope

The 2 500-2 690 MHz band has been identified as spectrum band that Administrations may choose to make available for IMT‑2000. Consequently, ITU-R has undertaken sharing studies in the 2 500 MHz to 2 690 MHz band between IMT-2000 systems and other services as required by Resolution 223 (WRC-03). Previous reports focused on coexistence analysis and mitigation techniques for sharing between TDD-based and FDD-based IMT-2000 systems operating in adjacent bands, and on analysis of sharing between IMT-2000 and broadband wireless access systems that support fixed and/or nomadic applications [i]. 

There is the risk for co-channel and adjacent channel interference between IMT‑2000 systems and other systems in the band. This report addresses coexistence between Mobile Broadband Wireless Access (MBWA) systems, including HC-SDMA, IEEE 802.16e-2005, and <list of other MBWA systems>, with the CDMA-DS TDD (CDMA-DS-TDD) and CDMA‑DS FDD (CDMA‑DS-FDD) components of IMT-2000. Toward that end, HC-SDMA sharing performance is presented as System A in chapter 2. IEEE 802.16e-2005 sharing performance is presented as System B in chapter 3. <List of other MBWA systems> sharing performance analyses are presented in chapters 4, < …and N>, respectively. 

[Editor’s note:  Other mobile BWA systems are encouraged for submission for consideration for the next meeting of WP 8F.]
[Editor’s note:  In section 2 the table numbers and figure numbers have been revised to the format “Table 2-x” and “Figure 2-y”, to be consistent with the numbering applied to the other sections, giving all figures and tables a unique numbering.] 

2
System A – High Capacity – Spatial Division Multiple Access (HC-SDMA)
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2.1
Introduction

This section characterizes coexistence requirements for adjacent band systems deployed in the same geographic area. Hence, HC-SDMA shall be examined for interference characteristics with the frequency division duplex (FDD) IMT-2000 CDMA Direct Spread (also called WCDMA-FDD or CDMA-DS FDD) radio interface and the time division duplex (TDD) IMT-2000 CDMA Direct Spread (also called WCDMA-TDD or CDMA-DS TDD).

The first part of this section describes a deterministic study of base station to base station (BS-BS) interference for both proximity and co-location scenarios. In § 2.4.4-2.4.5, the transmitter and receiver characteristics are described for the systems in this study. In § 2.4.6, a discussion of antenna characteristics used in the study is given. For the IMT-2000 systems, practical gains are defined for macro-to-micro deployments. In § 2.4.7, the acceptable interference level, coverage and capacity are discussed. In § 2.5 the methodology of the deterministic BS-BS scenarios is described. The latter part of this document (I presume this must be re-phrased, considering the sections on other technologies.)  is dedicated to statistical analyses for base station to mobile station (BS-MS) interference scenarios. The micro BS- micro BS (are there any BS-BS simulations in 2.7?) and BS‑MS Monte Carlo simulations are presented in § 2.7. The results are presented in § 2.8-2.9 and conclusions are made in § 2.10.
2.2
Scope

For the purposes of the analysis, it has been assumed that the CDMA-DS-FDD and CDMA-DS-TDD systems at 2.5 GHz will have similar characteristics to those of used in ITU‑R Report M.2030. The sharing characteristics for HC-SDMA systems are presented in reference [12]. Further, it is assumed that HC-SDMA[13] systems operating in the 2.5 GHz band will be similar to, but with appropriate scaling of the RF characteristics of currently deployed systems operating in the 1.9 GHz band.
2.3
Main results

[Editor’s Note:  The statements in this section are to be reviewed and/or revised based on the conclusion of the study and the new results provided.]

In the context of inter-system interference, the macro BS- macro BS scenario is the worst case scenario and requires the most additional protection. The macro BS to micro BS scenario and macro to pico both yield system that meet the interference criterion. This is mainly due to the larger propagation loss for NLOS coverage in those scenarios. Overall, adaptive antennas significantly reduce the amount of interference presented to victim systems, and results in far less susceptibility to interference even without active nulling of interference.

In general, specific measures are required to meet the strict interference criteria. RF filtering, and deployment coordination for improved antenna coupling loss via antenna siting and polarization discrimination are the commonly recommended means of achieving improved protections. Further discussion on these and other mitigation techniques that may be applicable can be found in Ref. [8].

The robustness of HC-SDMA in the presence of interference is most evident from examining the results of the Monte Carlo simulations where the interference criterion is based on capacity loss. The maximum allowable capacity loss was specified as 5% percent; that is, the probability that the carrier power to interference power ratio (C/I) of the mean number of stations per cell that can be active at a time falls below a given threshold is below 5%. There are several configurations that meet this requirement with the HC-SDMA system as the interference source.
2.4
Assumptions

2.4.1
Radio technologies

In this draft working document the IMT-2000 technologies considered are the FDD and TDD based IMT-2000 CDMA Direct Spread radio specification, which shall be referred to respectively as CDMA-DS-FDD and CDMA-DS-TDD, for simplicity, in the remaining portion of this document. The HC‑SDMA system operating in the 2.5 GHz band is assumed to be similar to, but with appropriate scaling of the RF characteristics of those currently deployed systems operating in the 1.9 GHz band. 
2.4.2
Interference scenarios

This working document considers the following basic scenarios:

1)
Interference to CDMA-DS-FDD BS caused by HC-SDMA BS (Deterministic calculations)

2)
Interference to HC-SDMA BS caused by CDMA-DS-FDD BS (Deterministic calculations)

3)
Interference to CDMA-DS-TDD BS caused by HC-SDMA BS (Deterministic calculations)

4)
Interference to HC-SDMA BS caused by CDMA-DS-TDD BS (Deterministic calculations) 

5)
Interference to CDMA-DS-FDD MS caused by HC-SDMA MS (Monte Carlo simulations)

6)
Interference to CDMA-DS-FDD MS caused by HC-SDMA BS (Monte Carlo simulations)

7)
Interference to HC-SDMA BS caused by CDMA-DS-FDD MS (Monte Carlo simulations)

8)
Interference to HC-SDMA MS caused by CDMA-DS-TDD MS (Monte Carlo simulations)

9)
Interference to CDMA-DS-TDD MS caused by HC-SDMA MS (Monte Carlo simulations)

10)
Interference to CDMA-DS-TDD MS caused by HC-SDMA BS (Monte Carlo simulations)

11)
Interference to HC-SDMA BS caused by CDMA-DS-TDD MS (Monte Carlo simulations)

The methodology used in the calculations and simulations is described in § 3.
2.4.3
Cellular layout

While all scenarios could be considered, i.e. macro, micro and pico, not all combinations of CDMA-DS‑FDD, CDMA-DS-TDD and HC-SDMA cell layers have been investigated since some are considered either less likely or have negligible impact on the system performance.
[Editor’s note:  More information to be provide as to why certain scenarios are less likely to impact system performance.]
2.4.3.1
Frequency allocation

The total interference at a CDMA-DS-FDD victim BS in a network of 3-sector cells with varying antenna heights in reuse 1:1 condition is considered. Figure 2-1 depicts the FDD uplink and downlink configurations considered in this study.
Figure 2-1a

Assumed Frequency Assignments within the TDD Block 
of the 2.5 GHz frequency allocation

[image: image3]
The cases of an HC-SDMA BS utilizing beam forming surrounded by CDMA-DS FDD or TDD sectorized base stations of varying height were also analyzed. It is assumed that all of the HC‑SDMA base stations are implemented with adaptive antennas, which is the intended realization of the ANSI standard.
2.4.3.2
CDMA-DS-FDD UL interference caused by HC-SDMA

Although the total interference to the CDMA-DS-FDD UL can include co-channel interference from the same sector, other sectors of the same cell, and other cells of the same system, we shall only consider the interference caused by adjacent channel interference from HC-SDMA uplinks/downlinks. Is this true for the entire analysis? Then how is the statistical analysis carried out, where we need to measure capacity loss? If there is no system internal interference we will not get a very good measure of system capacity. Or is statement only for the deterministic analysis? 
The interference scenarios for BS-BS for macro, micro, and pico deployments are considered and results are presented in Sections 2.6 and 2.8.

2.4.3.3
HC-SDMA interference caused by CDMA-DS-FDD UL

Interference to HC-SDMA UL include co-channel interference from other cells’ uplink of the same system, uplinks of other sectors of the same cell and uplinks of other cells of the same system. However, HC-SDMA is designed to actively reject co-channel interference from other mobiles within the HC-SDMA system. [Editor’s note:  Additional information is to be provided about any special features of HC-SDMA for active interference rejection.  If this is the same as in other systems, then the previous sentence should be removed.]  Hence, disregarding the co-channel interference has negligible impact on total system performance and focusing on the adjacent channel interference from CDMA-DS‑FDD UL interference on HC-SDMA DL is sufficient to ascertain the interference impact on system performance.

The interference scenarios for BS-BS for macro, micro, and pico deployments are considered and results are presented in Sections 2.6 and 2.8.

2.4.3.4
CDMA-DS-TDD UL interference caused by HC-SDMA

Although the total interference to the CDMA-DS-TDD UL can include co-channel interference from other sectors of the same cell and other cells of the same system, we only consider the interference caused by adjacent channel interference from HC-SDMA uplinks/downlinks. 

The interference scenarios for BS-BS for macro, micro, and pico deployments are considered and the results are presented in Sections 2.6 and 2.8.

2.4.3.5
HC-SDMA interference caused by CDMA-DS-TDD UL

Likewise, the total interference to HC-SDMA UL includes co-channel interference from other cells’ uplink of the same system, uplinks of other sectors of the same cell and uplinks of other cells of the same system. Again, the HC-SDMA is designed to minimize the impact of this interference; [Editor’s note:  address same comment as in 2.4.3.3.] thus, this analysis focuses on the adjacent channel interference from CDMA-DS-TDD UL interference on HC-SDMA DL.

The interference scenarios for BS-BS for macro, micro, and pico deployments are considered and the results are presented in Sections 2.6 and 2.8. 
Why is only the UL mentioned above in the interference scenarios? I guess it only pertains to the deterministic analysis, but then it’s confusing to have this information here, since there is general information following later. 
2.4.3.6
Deployment scenarios and BS position
[Editor’s note:  Material to be added about the relative offset positioning of the HC-SDMA and CDMA-DS systems.  The material to match the results presented in section 2.8.1 See section 3.4.2.1 of 8F/1136 for an example of material to be provided.]

As conducted in the M.2030 study, different types of BSs (for both FDD and TDD deployment) are considered (macro, micro and pico). A macro BS is assumed to be located above rooftop and to be deployed in areas with both high and low user densities. 

The main objective of the macro BSs is to achieve coverage over a relatively large area.

A micro BS is assumed to be located outside below rooftop and is deployed in areas with high user densities. The micro BSs are mainly used to enhance the capacity in areas with high user densities. The pico BSs are used for indoor coverage.

The assumed heights of the different BSs are summarized in Table 2-1. Furthermore, the average building height is assumed to be 24 m and thus, the macro BSs are positioned 6 m above the average rooftop.

Table 2-1
Assumed heights of the macro, the micro and
the pico BS (both FDD and TDD)

	BS type
	Height
(m)

	Macro
	30

	Micro
	6

	Pico
	6


Three-sector clover-leaf cellular layout is used in the study. The Figure below depicts a large area single system deployment using directional antennas. 

D is the distance between two base stations within a system. R is the radius of a cell. 
figure 2-1B

Three-sector clover-leaf cellular deployment layout
[image: image4.png]



As conducted in the M.2030 study, different types of BSs (for both FDD and TDD deployment) are considered (macro, micro and pico). A macro BS is assumed to be located above rooftop and to be deployed in areas with both high and low user densities. 

The main objective of the macro BSs is to achieve coverage over a relatively large area.

A micro BS is assumed to be located outside below rooftop and is deployed in areas with high user densities. The micro BSs are mainly used to enhance the capacity in areas with high user densities. The pico BSs are used for indoor coverage.
2.4.4
Transmitter characteristics

The transmitter characteristic includes output power restrictions and transmitter antenna gain.
2.4.4.1
Output power and antenna gain
The BS maximum output power and antenna gain for CDMA-DS-FDD, CDMA-DS-TDD and HC‑SDMA BSs are found in Table 2-2.
General comment about tables below: Some parameters are present in several tables, it is perhaps enough to define them once and for all. 

It would also be good to have references (such as M.2039) for the different paremeters.
Table 2-2
Maximum output power and Tx antenna gain for the macro,
micro and pico BSs (FDD and TDD)

	BS type
	Maximum
output power
(dBm)
	Antenna gain (Tx)
(dBi)

	CDMA-DS-FDD macro
	43
	15

	CDMA-DS-FDD micro
	30
	6

	CDMA-DS-FDD pico
	24
	0

	CDMA-DS-TDD macro (3.84 Mchips) 
	43
	15

	CDMA-DS-TDD micro (3.84 Mchips) 
	30
	6

	CDMA-DS-TDD pico (3.84 Mchips) 
	24
	0

	HC-SDMA macro
	33.8
	15

	HC-SDMA micro
	24.2
	6

	HC-SDMA pico
	24.2
	0


The CDMA-DS-FDD BS is assumed to transmit continuously whereas the HC-SDMA BS downlink is assumed to transmit two-thirds of the time (activity factor = 0.67) and one-third activity factor for HC-SDMA MS on the uplink.

Table 2-3
Maximum output power and Tx antenna gain
for FDD and TDD MSs

	MS type
	Maximum
output power
(dBm)
	Antenna gain (Tx)
(dBi)

	CDMA-DS-FDD or TDD
	21
	0

	HC-SDMA
	20
	0


2.4.4.2
Adjacent channel leakage ratio (ACLR) values

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the composite transmit filtered mean power centered on the assigned channel frequency to the composite transmit filtered mean power centered on an adjacent channel frequency. The ACLR for WCDMA FDD/TDD and HC-SDMA are given in Tables 2-4 and 2-5, respectively.

Table 2-4
FDD and TDD BS ACLR

	Carrier separation
(MHz)
	CDMA-DS-FDD BS ACLR
(dB)
	CDMA-DS-TDD BS ACLR
(dB)

	  5
	45
	70

	10
	50
	70


Table 2-5
HC-SDMA BS ACLR
	Carrier separation
(MHz)
	HC-SDMA BS ACLR
(dB)

	  0.625
	43

	1.25-5
	50


The ACLR values employed for FDD and HC-SDMA MSs can be found in Table 2-6 and Table 2‑7, respectively.

Table 2-6
CDMA-DS-FDD/TDD MS ACLR

	Carrier separation
(MHz)
	CDMA-DS-FDD MS ACLR
(dB)
	CDMA-DS-TDD MS ACLR
(dB)

	  5
	33
	33

	10
	43
	43


Table 2-7
HC-SDMA MS ACLR
	Carrier separation
(MHz)
	CDMA-DS-FDD MS ACLR
(dB)

	  0.625
	45

	1.25
	50


2.4.5
Receiver characteristics

2.4.5.1
Receiver noise floor and antenna gain (CDMA-DS-FDD, CDMA-DS-TDD, HC-SDMA)

For CDMA-DS-FDD and CDMA-DS-TDD systems, a receiver noise floor of –103 dBm assumes a noise figure (NF) of 5 dB and a thermal noise power of -174 dBm/ Hz * 3.84 MHz = –108 dBm/ 3.84 MHz. For HC-SDMA, a receiver noise floor of -111 dBm assumes a noise figure (NF) of 5 dB and a thermal noise power of -174 dBm/Hz * 625 kHz (116 dBm. 

Table 2-8
FDD and TDD BS receiver noise floor and antenna gain

	BS type
	Receiver noise floor
(dBm)
	Antenna gain (Rx)
(dBi)

	CDMA-DS-FDD or TDD macro
	(103
	15

	CDMA-DS-FDD or TDD micro
	(103
	6

	CDMA-DS-FDD or TDD pico
	(103
	0

	HC-SDMA macro
	(111
	15

	HC-SDMA micro
	(111
	6

	HC-SDMA pico
	(111
	0


2.4.5.2
Receiver sensitivity

The BS reference sensitivity levels in Table 2-9 (specified for a 12.2 kbit/s service, BER must not exceed 0.001 for CDMA-DS-FDD/TDD and 1% FER for HC-SDMA).

Table 2-9
BS reference sensitivity for FDD, TDD and HC-SDMA BS

	BS type
	BS reference sensitivity level (dBm)

	FDD macro
	(121

	FDD micro
	(121

	FDD pico
	(121

	TDD macro
	(109

	TDD micro
	(109

	TDD pico
	(109

	HC-SDMA macro
	(108.6

	HC-SDMA micro
	(108.6

	HC-SDMA pico
	(108.6


The MS receiver sensitivity values are presented in Table 2-10.

Table 2-10
CDMA-DS FDD, CDMA-DS TDD and HC-SDMA MS receiver sensitivity

	MS type
	MS reference
sensitivity level
(dBm)

	CDMA-DS-FDD
	(117

	CDMA-DS-TDD
	(105

	HC-SDMA
	–110.6


2.4.5.3
Adjacent channel selectivity (ACS) specifications

Adjacent Channel Selectivity (ACS) is a measure of a receiver’s ability to receive a desired signal at its assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the centre frequency of the assigned channel. ACS is the ratio of the composite receive filter attenuation on the assigned channel frequency to the composite receive filter attenuation on the adjacent channel(s).

Table 2-11
CDMA-DS-FDD or TDD BS ACS

	Carrier separation
(MHz)
	CDMA-DS-FDD or TDD BS ACS (dB)

	  5
	46

	10
	58


Table 2-12
CDMA-DS-FDD or TDD MS ACS

	Carrier separation
(MHz)
	CDMA-DS-FDD or TDD MS ACS (dB)

	  5
	33

	10
	43


Table 2-13
HC-SDMA BS ACS

	Carrier separation
(MHz)
	HC-SDMA BS ACS
(dB)

	  0.625
	46

	1.25-5
	46


Table 2-14
HC-SDMA MS ACS

	Carrier separation
(MHz)
	HC-SDMA MS ACS
(dB)

	  0.625
	47

	1.25-5
	60


The ACS and ACLRs have been taken from the 3GPP specifications for 5 and 10 MHz carrier separation.  The sharing parameters for HC-SDMA from [12] is provided below for reference.

[Editor’s note:  After reference [12] is approved, Table 2-15 should be reviewed to confirm that consistency has been maintained.]
In the table below Antenna Height is given as an interval, so I think it would be necessary to have a probability function describing the likelihood of the different heights. Or perhaps the analysis could be carried out with the same height for all base stations? 
Table 2-15
Technical and operational characteristics of HC-SDMA system for use in sharing studies
	Parameter
	HC-SDMA

	
	BS
	MSS

	System Bandwidth (MHz)
	5 MHz

	Carrier Spacing
	625 kHz

	No. of Sectors
	3

	Antennas per Sector
	12
	1

	Reuse factor
	1

	Average Power (dBm) per Antenna per carrier
	24.2
	20

	TDD activity factor (dB)
	–1.76
	–4.77

	Tx Antenna gain (dBi)
	15
	0

	Tx Antenna height AGL (m)
	15-45
	≤ 1.5

	Loss of gain due to downtilt (dB)
	0
	n/a

	ACLR_5MHz (dB)
	43
	45

	ACLR_10MHz (dB)
	56
	50

	Rx Antenna gain (dBi)
	15
	from 0

	RX Antenna height AGL (m)
	15-45
	≤ 1.5

	ACS_5MHz
	46
	47

	ACS_10MHz
	46
	60

	Loss of gain due to downtilt (dB)
	0
	n/a

	Thermal Noise Density (dBm/Hz)
	–174

	Noise Figure (dB)
	5
	7

	Required SINR
	1-17
	0-14


2.4.5.4
Adjacent channel interference ratios (ACIRs)

The above ACLR and ACS values result in an ACIR value according to the following formula:
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(i)
It would be good to have a few more words about this formula, such as in the FBWA report. 
2.4.6
Antennas Characteristics

The practical antenna-to-antenna isolation is a function of the elevation inclination angle, the vertical beam-width, and the antenna gain. In practice, to reduce the inter-cell interference, the main-lobe of antenna is inclined to a given angle.

Coexistence between HC-SDMA and IMT-2000 systems in adjacent bands and in the same geographical area is highly dependent on the practical gain of the both the transmitting and receiving antennas. The practical antenna gain is dependent on the deployment configuration factors such as heights of both interfering and victim antennas, distance between base stations within a system, radii of cells, and distances between coexisting systems as well as the inclination angle of both antennas.

Sharing studies for systems using adaptive antenna technology at the BS with mobile interference require statistical analysis. Yet 2.6 is called “Deterministic Study”, which has caused some confusion. 

FIGURE 2-1C

Distribution of adaptive antenna array's beams in time and 
space lowers the likelihood of interference

[image: image6]
For a noise-limited environment such as the situation just described (hard to follow, what noise limited environment is referred to here?), beam forming to the individual is assumed. The beam pattern for this scenario is determined from the array factor (AF) in azimuth and the element pattern in elevation. The element pattern in elevation can be deduced from the maximum gain and three-dimensional 3 dB beam-width relationship given below:



G=4π/(Θ1Θ2)
(ii)
where Θ1 and Θ2 are the half-power beam-widths in azimuth and elevations in radians, respectively. The azimuth half-power beam-width can be easily derived for a uniform linear array [4].



Θ1= 2(π/2-acos(2.782λ/(2NπΔ)))
(iii)

where λ, N, and Δ are the wavelength, number of antennas in the array, and array spacing, respectively. The AF as a function of angle of arrival (AoA) is given as



AF(θ)=sin(N*πΔ/λ*cos(θ))/ sin(πΔ/λ*coos(θ))
(iii)

where θ is the AoA relatively to broadside of the array. 

Figure 2-2
Array Factor for a 12-element uniform array
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At the transmitter, the AF contributes to the effective isotropic radiated power (EIRP) as
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where P0 is the transmit output power. At the receiver, the AF improves the signal-to-noise as 
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2.4.7
Interference Criteria and Acceptable Levels of Degradation

In this study, the acceptable level of interference considered is -6 dBr relative to the system noise floor of the receiver. This interference criterion leads to degradation of 1 dB in the receiver SINR over the noise only case. In addition to SINR requirements, the loss in capacity can be examined along with the SINR. As in report M.2040, the SINR after beam forming is computed using Shannon’s Capacity Theorem
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where b is the system bandwidth, and α is the coding gap and always less than or equal to 1. Typical, values for α lie between 0.25 and 0.5. The coding gap represents the difference between Shannon limit, which assumes the use of infinite block codes, and the actual throughput. The coding gap for this report is assumed constant and equal to 0.5.
2.5
Methodology
[Editor’s note:  This section is to be revised to address the methodology used for this study, including its use of the agreed upon propagation models.  The material on the propagation models will be moved to a single annex that will be relevant to and referenced by all the MBWA v IMT‑2000 studies.]

2.5.1
Propagation Models

The propagation models take average behavior into account. Variation around the mean and fading are not considered in the deterministic interference scenarios. For scenarios with adaptive antennas and MSs, the propagation models must be dealt with through a Monte Carlo simulation. The statistical simulation of the adaptive antenna technology case is performed at a snapshot in time. It is being assumed that during any given time slot on any carrier, one beam at the HC-SDMA BS with adaptive antennas probabilistically (spatial activity factor) illuminates one sector, thus affecting the victim CDMA-DS-FDD/TDD BS or MS, or vice versa.
2.5.2
Dual Slope Model

The dual-slope LoS propagation model [4] assumes free-space propagation until the breakpoint, dbreak. After the breakpoint, the attenuation is increased because of reflections on the ground. The equation below assumes a frequency of 2.6 GHz, which corresponds to a wavelength of 0.1154 m.
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(vii)

where:


d :
distance (m).

The breakpoint is calculated as:
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where:


htx and hrx :
height (over the reflecting surface) of the transmitter and the receiver


( :
wavelength.

The breakpoint is assumed to appear at the distance where the first Fresnel zone is tangent to the ground (reflecting surface). The formula for breakpoint calculation above approximates this.

Example:  Assuming a height of 6 m of the transmitter and the receiver, the breakpoint becomes 1 248 m (a frequency of 2.6 GHz corresponds to a wavelength of 0.1154 m).

2.5.3
Non-LOS Model

Macro cell propagation model is applicable for the test scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height [10].



L= 40(1-4x10-3Δhb) Log10(R)  -18Log10(Δhb) + 21Log10(f) + 80 dB.
(ix)
where:


R 
is the base station – MS separation in kilometres;


f 
is the carrier frequency of 2 600 MHz;


(hB 
is the base station antenna height, in metres, measured from the average rooftop level.

The base station antenna height is fixed at 6 metres above the average rooftop (((hB = 6 m). Considering a carrier frequency of 2 600 MHz and a base station antenna height of 6 metres, the formula becomes:



L = 137.7 + 39.04 Log10(R)
(x)
After L is calculated, log-normally distributed shadowing (LogF) with standard deviation of 10 dB should be added, so that the resulting path loss is the following:



Pathloss_macro = L + LogF

L shall in no circumstances be less than free space loss. This model is valid for NLOS case only and describes worse case propagation.

The path loss model is valid for a range of (hB from 0 to 50 metres.

This model is designed mainly for distances from a few hundred metres to kilometres, and is not very accurate for short distances.
This model is to be used for spectrum efficiency evaluations in urban environments modelled through a Manhattan-like structure, in order to properly evaluate the performance in micro-cell situations that will be common in European cities at the time of UMTS deployment.

The proposed model is a recursive model that calculates the path loss as a sum of LOS and NLOS segments. The shortest path along streets between the BS and the MS has to be found within the Manhattan environment.

The path loss in dB is given by the well-known formula [11]:
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where:


dn 
is the “illusory” distance;


λ 
is the wavelength;


n 
is the number of straight street segments between BS and MS (along the shortest path).

The illusory distance is the sum of these street segments and can be obtained by recursively using the expressions 
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 where c is a function of the angle of the street crossing. For a 90° street crossing the value c should be set to 0.5. Further, sn-1 is the length in metres of the last segment. A segment is a straight path. The initial values are set according to: k0 is set to 1 and d0 is set to 0. The illusory distance is obtained as the final dn when the last segment has been added.

The model is extended to cover the micro cell dual slope behavior, by modifying the expression to:
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where:




[image: image17.wmf]î

í

ì

£

>

=

br

br

br

x

x

x

x

x

x

x

D

,

1

,

/

)

(

.

Before the break point xbr the slope is 2, after the break point it increases to 4. The break point xbr is set to 300 m. x is the distance from the transmitter to the receiver.

To take into account effects of propagation going above rooftops it is also needed to calculate the path loss according to the shortest geographical distance. This is done by using the commonly known COST Walfish-Ikegami Model [10] and with antennas below rooftops:



L = 24 + 45 log (d+20).
(xiii)
where:


d 
is the shortest physical geographical distance from the transmitter to the receiver in metres.

The final path loss value is the minimum between the path loss value from the propagation through the streets and the path loss based on the shortest geographical distance, plus the log-normally distributed shadowing (LogF) with standard deviation of 10 dB should be added: 

Path loss for micro deployment = min (Manhattan path loss, macro path loss) + LogF. 

This path loss model is valid for micro-cell coverage only with antenna located below rooftop. In case the urban structure would be covered by macro-cells, the former path loss model should be used.

The path loss model for outdoor to indoor test (macro/pico scenarios) environments [2] is given by
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where R is the distance in kilometres (km).
2.6
Deterministic Study
[Editor’s note:  The section on methodology should provide details on how the deterministic study and the Monte Carlo simulations are carried out.] Here it is important to explain what “Deterministic” really means, and how it relates to “Lightly Loaded Simulations”. 
2.6.1
BS-to-BS interference

2.6.1.1
CDMA-DS FDD macro – HC-SDMA macro
[Editor’s note:  More information to be provided on how to interpret the results presented.]

In proximity:  The dual slope LoS propagation model [4] is employed to calculate the pathloss between a CDMA-DS-FDD macro BS and a HC-SDMA macro BS. These results are based on a sector radius, R, of 0.5 km.

Co-located:  no path loss model is used. A coupling loss of 60 dB is used. [Editor’s note:  further comments needed on the use of 60dB coupling loss.]

Parameters for the CDMA-DS-FDD BS are given in Tables 2-2 and 2-4. Parameters for the HC-SDMA BS are given in Tables 2-2, 2-5 and 2-15.
[Editor’s Note: To go along with Figures 2-3 to 2-22 that show Margin Requirements for the Deterministic Study, we will expand the associated tables to be similar to those provided in the fixed BWA report].
Figure 2-3
Macro CDMA-DS-FDD BS interference to macro HC-SDMA BS 
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Figure 2-4
Macro HC-SDMA BS interference to macro CDMA-DS-FDD BS
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2.6.1.2
CDMA-DS FDD macro – HC-SDMA micro, vice-versa

The NloS propagation model [2] is employed to model the propagation between a CDMA-DS-FDD macro BS and a HC-SDMA micro BS in Manhattan grid layout. This assumes that the height of the FDD BS is above rooftop and that the height of the HC-SDMA BS is significantly lower than the surrounding buildings. These results are based on an urban/micro cell radius of 0.5 km. 
[Editor’s note:  Further explanation needed on the distances presented in the figures, which go to 1000 m when the site to site distances are limited to 700 m for macro deployments.  See F/NBWA study for further discussion.  It is also suggested to show the results in tabular form]

Figure 2-5
Micro CDMA-DS-FDD BS interference to macro HC-SDMA BS 
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Figure 2-6
Macro CDMA-DS-FDD BS interference to micro HC-SDMA BS
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Figure 2-7
Micro HC-SDMA BS interference to macro CDMA-DS-FDD BS
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Figure 2-8
Macro HC-SDMA BS interference to micro CDMA-DS-FDD BS
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2.6.1.3
CDMA-DS FDD macro – HC-SDMA pico, vice-versa

The outdoor to indoor propagation model is employed to calculate the path loss between a CDMA‑DS-FDD macro BS and an HC-SDMA pico BS. The pico BS is assumed to be located inside a building and there is no LOS between the two BSs. The urban/micro cell radius is 0.5 km and 0.1 km for pico cells.

Figure 2-9
Pico CDMA-DS-FDD BS interference to macro HC-SDMA BS
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Figure 2-10
Pico HC-SDMA BS interference to macro CDMA-DS-FDD BS
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Figure 2-11
Macro CDMA-DS-FDD BS interference to pico HC-SDMA BS
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Figure 2-12
Macro HC-SDMA BS interference to pico CDMA-DS-FDD BS
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2.6.1.4
CDMA-DS-TDD macro – HC-SDMA macro 

In proximity:  The dual slope LoS propagation model is employed to calculate the path loss between a CDMA-DS-TDD macro BS and a HC-SDMA macro BS. 

Co-located:  no path loss model is used. A coupling loss of 60 dB is used.

Parameters for the CDMA-DS-TDD BS are given in Tables 2-2 and 2-4. Parameters for the HC‑SDMA BS are given in Tables 2-2, 2-5 and 2-15. These results are based on a sector radius, R, of 0.5 km.
[Editor’s note:  Same question as above regarding the use of 60dB coupling loss.  Consolidation of the text should be considered.]
Figure 2-13
Macro CDMA-DS-TDD BS interference to macro HC-SDMA BS 
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Figure 2-14
Macro HC-SDMA BS interference to macro CDMA-DS-TDD BS
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2.6.1.5
CDMA-DS TDD macro – HC-SDMA micro, vice-versa

The NloS propagation model [2] is employed to model the propagation between a CDMA-DS-TDD macro BS and a HC-SDMA micro BS in Manhattan grid layout. This configuration assumes that the height of the TDD BS is above rooftop and that the height of the HC-SDMA BS is significantly lower than the surrounding buildings. These results are based on an urban/micro cell radius of 0.5 km. 

Figure 2-15
Macro CDMA-DS-TDD BS interference to micro HC-SDMA BS
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Figure 2-16
Micro HC-SDMA BS interference to macro CDMA-DS-TDD BS
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Figure 2-17
Macro HC-SDMA BS interference to micro CDMA-DS-TDD BS
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Figure 2-18
Micro CDMA-DS-TDD BS interference to macro HC-SDMA BS
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2.6.1.6
CDMA-DS TDD macro – HC-SDMA pico, vice-versa

For TDD pico – HC-SDMA macro, two scenarios are considered. The pico BSs are assumed to be located indoors while the macro BSs are outdoors. Hence, indoor-to-outdoor propagation models are used in this section for the path loss calculations. Furthermore, there is no LoS between the two BSs (LoS could, e.g., appear when a pico BS is located high up in the building close to a window that faces the macro BS). The urban/micro cell radius is 0.5 km and 0.1 km for indoor/pico.

Figure 2-19
Pico HC-SDMA BS interference to macro CDMA-DS-TDD BS
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Figure 2-20
Macro HC-SDMA BS interference to pico CDMA-DS-TDD BS
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Figure 2-21
Macro CDMA-DS-TDD BS interference to pico HC-SDMA BS
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Figure 2-22
Pico CDMA-DS-TDD BS interference to macro HC-SDMA BS
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2.6.2
Monte Carlo Study

Section 2.6 is “Deterministic Study”, so it would probably be good to use another section number for this. 

The approach taken in this study is to estimate the loss of uplink capacity at the level of the victim base station, due to the interfering power level coming from a distribution of interfering mobile stations. Those mobile stations are power controlled. A hexagonal cell lay-out is considered for the macro BS deployment with specified cell radius. Large cell radii are chosen since they correspond to worst case scenarios for coexistence studies.

In this analysis, 72 micro base stations are located along a Manhattan grid and mobile stations are deployed in a dense environment. An interference criterion based on the actual power received by the victim mobile station gives a probabilistic distribution of the interference. The hexagonal cell lay-out and the Manhattan are overlap for co-sited scenarios refer to Appendix III for a full discussion

Simulations are based on snapshots were users are randomly placed in a predefined deployment scenario; Ideal power control (PC) is assumed. The measured Eb/N0 is obtained by the measured C/I multiplied by the processing gain. Mobile stations that are not able to reach the Eb/N0 target at the end of a PC loop How many steps in loop? Another issue: Is the interfering system changing between UL and DL? This might be necessary to capture the dynamic behaviour of the interference, please see the FBWA report for more details. are in outage. Conversely, users that are able to reach at within ‑0.5 dB of the targeted Eb/N0 at the end of a PC loop are considered satisfied. Statistical data related to outage (satisfied users) are collected at the end of each snapshot.
Other input needed: Is system-internal interference taken into account here? Otherwise it is difficult to measure capacity loss properly. Please see the discussion in the FBWA group, specifically the last Ericsson input, the section about modelling of the system simulations. 
Simulation Parameters To what extent are they similar as those used for the “deterministic study”, e.g. for macro cell size and antenna height? 
Minimum separation distance: 15 m for urban, 3 m for indoor.

Base station cell size: 0.5 km for urban/micro and 0.1 km for indoor/pico.

Interfering mobile station density: 64-96 per cell.

Power control algorithm: Ideal. Furthest user is operating at minimum sensitivity

Maximum acceptable loss of capacity: 5%.

Table 2-16
Eb/No Requirements (dB) for (8 kbits/sec or lowest Mode Class)

	System
	Uplink
	Downlink

	CDMA-DS-FDD/TDD macro
	6.1 dB
	7.9 dB

	CDMA-DS-FDD/TDD micro
	3.3 dB
	6.1 dB

	HC-SDMA ModClass 0
	0.2 dB
	1.1 dB


2.6.3
Capacity consequences of MS-BS, BS-MS, MS-MS interference in HC-SDMA macro/CDMA-DS-FDD or TDD micro scenarios

Relative outage capacity loss is calculated as:
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where Nsingle is the maximum mean number of mobiles per cell that can be active at a time in the single operator case, i.e. without adjacent channel interference. Again, how is Nsingle measured? I think it would also be good with some absolute numbers here to understand what kind of system we’re dealing with, noise or interference limited?  Nmulti is the maximum mean number of mobiles per cell that can be active at a time in the multi operator case, i.e. with adjacent channel interference originating in one interfering system in an adjacent transmit band.

In the Monte Carlo results Sections 2.7.2 and 2.7.3, we generate 2 000 independent realizations with 64 users randomly positioned across each of the 19 cells. For each configuration, the SNR and SINR for all the users are calculated and stored. The stored SNR and SINR are compared to thresholds given in Table 2-16. The number of users that met the SNR requirement is compared to the number of users that met the same threshold when the interference is added. The probability that the loss in capacity is less than 5% is found from these statistics and is plotted in the figures in Sections 2.7.2. and 2.7.3. Whether the 5% capacity loss requirement is met or not can be read directly off each figure. Note that the figures show that the mean outage probabilities, along with their variances, account for the scattering effect in the figures. It was determined empirically that sufficient statistics were collected to accurately ascertain whether the interference criterion was met.
2.7.2
Outage consequences due to BS-MS interference in HC-SDMA/IMT-2000 scenarios –Monte Carlo simulation based on minimum outage

2.7.2.1
CDMA-DS-FDD MS- HC-SDMA BS
[Editor’s Note: To go along with Figures 2-23 to 2-36 that show capacity loss, we will add associated tables that show the conditions required to meet the capacity loss criteria.]
[Editor’s Note: Modify the labeling of the CDF graphs to show the range as being from 0 to 100%]

[Editor’s Note: The graphs show “Probability of blah blah blah” vs “% Capacity Loss,” which is confusing and the CDF plots should be monotonically increasing.  Please explain and/or show results in a different manner.]
Figure 2-23
CDMA-DS FDD MS interference to macro HC-SDMA 
[image: image40.emf]0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

% Capacity Loss

Probability Capacity Loss greater than abscissa

CDF of Capacity Loss

ACIR 5MHz off

ACIR 10MHz off


Figure 2-24
CDMA-DS FDD MS interference to micro HC-SDMA
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2.7.2.2
CDMA-DS-FDD BS- HC-SDMA MS
HC-SDMA MS does not cause any loss in capacity based on user outage.
[Editor’s notes: Delete phrase “lightly loaded simulation” and explain results.  For example, the charts 2-25 and 2-26 show no impact and have positive and negative % capacity loss.  Do we need figures 2-25 and 2-26?]

Figure 2-25
HC-SDMA MS interference to macro CDMA-DS FDD BS
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Figure 2-26
HC-SDMA MS interference to micro CDMA-DS FDD BS
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2.7.2.3
CDMA-DS-TDD MS – HC-SDMA BS
Figure 2-27
CDMA-DS TDD MS interference to macro HC-SDMA BS
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Figure 2-28
CDMA-DS TDD MS interference to micro HC-SDMA BS
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2.7.2.4
HC-SDMA MS- CDMA-DS-TDD BS 

Similarly to HC-SDMA MS interference to CDMA-DS FDD BS, there is no loss of capacity in terms of user outage.
2.7.2.5 CDMA-DS-FDD BS- HC-SDMA MS
Figure 2-29
Macro CDMA-DS FDD BS interference to HC-SDMA MS
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Figure 2-30
Micro CDMA-DS FDD BS interference to HC-SDMA MS
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2.7.2.6
CDMA-DS-TDD BS- HC-SDMA MS
Figure 2-31
Macro CDMA-DS-TDD BS- HC-SDMA MS
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Figure 2-32
Micro CDMA-DS-TDD BS- HC-SDMA MS
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2.7.2.7
HC-SDMA BS- CDMA-DS-FDD or CDMA-DS TDD MS

Similarly, HC-SDMA BS interference onto CDMA-DS FDD or CDMA-DS TDD MS causes no loss of capacity in terms of user outage.

2.7.3
Outage consequences due to MS-MS interference in HC-SDMA/ IMT-2000 scenarios – Monte Carlo simulation based on minimum outage

2.7.3.1
HC-SDMA MS- CDMA-DS-FDD MS, vice versa

Figure 2-33
CDMA-DS FDD MS interference to HC-SDMA MS
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Figure 2-33
HC-SDMA MS interference to CDMA-DS FDD MS
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2.7.3.2 HC-SDMA MS- CDMA-DS-TDD MS, vice versa

Figure 2-34
CDMA-DS TDD MS interference to HC-SDMA MS
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Figure 2-35
HC-SDMA MS interference to CDMA-DS TDD MS
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2.8
Results

2.8.1
Deterministic Results
[Editor’s note:  Please explain relationship between the numbers in Tables 2-17 and 2-18 with all figures in section 2.6.] 

The results in Table 2-17 and Table 2-18 clearly show that for IMT-2000 TDD and FDD systems for both macro deployments require additional isolation to co-exist with HC-SDMA. However, several of the pico and micro deployments can co-exist provided the right deployment conditions are employed. Overall, the co-sited case is the worst case for all scenarios considered. It is also shown that the HC-SDMA interferes less with the IMT-2000 systems than vice-versa. This can be contributed to two factors: time activity and spatial activity factors. The time activity is based on the asymmetry transmission times for uplink and downlink. The spatial activity is based on the percentage of time that HC-SDMA points at the CDMA-DS-FDD BS. Refer to Annex II for a more through discussing of spatial activity factor.

Table 2-17
Summary of margin requirements CDMA-DS FDD/HC-SDMA scenarios

	Deployment Scenarios
	CDMA-DS FDD BS→ HC-SDMA BS
	HC-SDMA BS→ CDMA-DS FDD BS

	
	Co-sited
	500 m 
	1 000 m
	Co-sited
	500 m
	1 000 m

	Macro→

Macro
	1st adj chan
	60.75
	49.7
	49.4
	36.35
	29.81
	29.55

	
	2nd adj chan
	58.67
	47.6
	47.3
	28.25
	21.78
	21.53

	Macro→

Micro
	1st adj chan
	19.01
	14.92
	3.4
	0
	0
	0

	
	2nd adj chan
	16.93
	12.83
	0
	0
	0
	0

	Micro→

Macro
	1st adj chan
	7.78
	0
	0
	5.59
	0
	0

	
	2nd adj chan
	5.70
	0
	0
	0
	0
	0

	Macro→

Pico
	1st adj chan
	6.18
	1.38
	0
	0
	0
	0

	
	2nd adj chan
	4.10
	0
	0
	0
	0
	0

	Pico→

Macro
	1st adj chan
	0
	0
	0
	0
	0
	0

	
	2nd adj chan
	0
	0
	0
	0
	0
	0


Table 2-18
Summary of Margin Requirements CDMA-DS TDD/HC-SDMA scenarios

	Deployment Scenarios
	CDMA-DS TDD BS→ HC-SDMA BS
	HC-SDMA BS→ CDMA-DS TDD BS

	
	Co-sited
	500 m 
	1 000 m
	Co-sited
	500 m
	1 000 m

	Macro→

Macro
	1st adj chan
	52.27
	42.59
	42.34
	38.11
	31.56
	31.30

	
	2nd adj chan
	52.27
	42.59
	42.34
	30.00
	23.5
	23.25

	Macro→

Micro
	1st adj chan
	15.49
	11.39
	1.96
	0
	0
	0

	
	2nd adj chan
	15.49
	11.39
	1.96
	0
	0
	0

	Micro→

Macro
	1st adj chan
	4.26
	0
	0
	0
	0
	0

	
	2nd adj chan
	4.26
	0
	0
	0
	0
	0

	Macro→

Pico
	1st adj chan
	2.66
	0
	0
	0
	0
	0

	
	2nd adj chan
	2.66
	0
	0
	0
	0
	0

	Pico→

Macro
	1st adj chan
	0
	0
	0
	0
	0
	0

	
	2nd adj chan
	0
	0
	0
	0
	0
	0


An alternative criterion for determining co-existence is a target capacity loss. It has been determined that 5% capacity loss is acceptable to declare two systems can co-exist. For the scenarios in Table 2-17 and Table 2-18, we compute the distance at which 5% capacity loss is achieved and record them in Table 2-19 and Table 2-20.
[Editor’s note:  Need further explanation of the analysis that results in the required separation distance.  The required separation distances for macro-macro seem to be increasing instead of decreasing from 1st to 2nd adjacent channel (75km, 95 km).]

Table 2-19
Distance (km) @ 5% Capacity Loss or less is achieved for CDMA-DS FDD and HC-SDMA

	Deployment Scenarios
	CDMA-DS FDD BS→ HC-SDMA BS
	HC-SDMA BS→ CDMA-DS FDD BS

	
	Required Separation (km)
	Required Separation (km)

	Macro→

Macro
	1st adj chan
	75
	15

	
	2nd adj chan
	95
	6

	Macro→

Micro
	1st adj chan
	1
	0

	
	2nd adj chan
	1
	0

	Micro→

Macro
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0

	Macro→

Pico
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0

	Pico→

Macro
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0


[Editor’s Note:  Same comment as above for Table 2-20  about having the same required separation for the 1st and 2nd adjacent channels (60,60) and (.75,.75).]

Table 2-20
Distance (km) @ 5% Capacity Loss or less is achieved for CDMA-DS TDD and HC-SDMA

	Deployment Scenarios
	CDMA-DS TDD BS→ HC-SDMA BS
	HC-SDMA BS→ CDMA-DS TDD BS

	
	Required Separation (km)
	Required Separation (km)

	Macro→

Macro
	1st adj chan
	60
	1.8

	
	2nd adj chan
	60
	0.75

	Macro→

Micro
	1st adj chan
	0.75
	0

	
	2nd adj chan
	0.75
	0

	Micro→

Macro
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0

	Macro→

Pico
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0

	Pico→

Macro
	1st adj chan
	0
	0

	
	2nd adj chan
	0
	0


2.9
Monte Carlo Simulation Results

Table 2-21 and Table 2-22 show that for a target 5% capacity loss that HC-SDMA may co-exist with IMT-2000 systems for certain scenarios. The legend for the table below are (A)cceptable or (O)utage. All simulations were performed for co-sited systems. If the systems are separated by 500 m or more than all configurations can co-exist.
[Editor’s note:  More information requested for the separation distance where coexistence can be achieved.  This is somewhere between 0 – 500 m.]

Table 2-21
Summary of 5% Capacity Loss Threshold 

	Deployment Scenarios
	CDMA-DS FDD MS→ HC-SDMA BS
	HC-SDMA BS → CDMA-DS FDD MS
	CDMA-DS FDD BS→ HC-SDMA MS
	HC-SDMA MS → CDMA-DS FDD BS

	Macro


	1st adj chan
	O
	A
	O
	A

	
	2nd adj chan
	O
	A
	O
	A

	Micro
	1st adj chan
	O
	A
	O
	A

	
	2nd adj chan
	O
	A
	O
	A


Table 2-22:

Summary of 5% Capacity Loss Threshold 

	Deployment Scenarios
	CDMA-DS TDD MS→ HC-SDMA BS
	HC-SDMA BS → CDMA-DS TDD MS
	CDMA-DS TDD BS→ HC-SDMA MS
	HC-SDMA MS → CDMA-DS TDD BS

	Macro


	1st adj chan
	O
	A
	O
	A

	
	2nd adj chan
	O
	A
	O
	A

	Micro
	1st adj chan
	O
	A
	O
	A

	
	2nd adj chan
	O
	A
	O
	A


None of the co-sited mobile-to-mobile scenarios are close to acceptable capacity loss requirement of 5% or less. 

2.10
Conclusions

[The analyses consistently showed that HC-SDMA and IMT-2000 macro-macro deployments cannot co-exist without using additional mitigation techniques. There are several options that might be used to achieve this protection such as additional filtering or co-ordination between systems in deployment. For the deterministic study, the rise in signal-to-interference plus noise was used as one of the criterion for coexistence. The acceptable level was a 1 dB degradation of the SNR without interference. Some of the micro/macro and macro/pico deployment scenarios were able to meet this interference requirement. When Shannon capacity loss is used as the criterion, the required separation to meet the (< 5%) co-existence was well in excess of several tens of kilometres 
for macro to macro scenarios. While for all combinations of macro to micro/pico scenarios, the required separation was less than a kilometre and most cases the systems can be co-located geographically.

When outage capacity loss is used as the co-existence criterion (< 5%), only the HC-SDMA BS and MS interfering with the CDMA-DS FDD and CDMA-DS TDD systems generate acceptable levels of interference to meet that requirement.

Consistently, it was observed that the HC-SDMA system caused significantly less interference to the CDMA-DS FDD and CDMA-DS TDD systems than vice-versa. This observation is not surprising since the HC-SDMA system utilizes an adaptive antenna system (AAS), which tends to average the localized interference within a beamwidth over it entire range of coverage even without active nulling of the interference. Thus, the average interference is reduced significantly via this means. Similarly, AAS affords an increase measure of robustness against interference to CDMA‑DS FDD and CDMA-DS TDD systems for the same reasons compared the CDMA-DS systems, which deployed sectorized antennas.]
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3
System B – IMT-2000 OFDMA-TDD-WMAN (IEEE 802.16e-2005 TDD OFDM/OFDMA) (Note: based on 8F/914 and 8F/1009))   

3.1
Introduction

Deployment of MBWA systems based on standards developed by IEEE 802.16
 in adjacent bands to other IMT-2000 systems in the same geographical area in the 2 500-2 690 MHz band is likely to create similar adjacent channel interference situations as the those addressed in Reports ITU-R M.2030 [1] and ITU-R M.2045 [2] due to inherent similarities of these two systems as far as the sharing studies are concerned. For instance, both systems will be deployed in multi-cell, wide-area deployments with base station transmitter heights and power levels in accordance with such deployments. 

This section contains two analyses of the impact of adjacent channel interference (ACI) between a CDMA-DS system and OFDMA-TDD-WMAN. In one analysis OFDMA-TDD-WMAN is deployed with 5 MHz channels, and in the other with 10 MHz channels. The analysis of the systems operating in 5 MHz channels is extended to consider the benefits of mitigation techniques. 

3.2
Overview of the parameters adopted

Parameters of MBWA systems, including 5 MHz OFDMA-TDD-WMAN, for use in sharing studies are given in Report ITU-R M.2116 [5]. These OFDMA-TDD-WMAN parameters are given in Table 3‑1. Refer to Section 3.3.1 for more details about the ACLR and ACS values presented in Table 3-1.

Table 3-1

5 MHz OFDMA-TDD-WMAN parameters
 [5, 6]

	
	Base station
	Mobile station

	Max transmit power
	36 dBm
	20 dBm

	Antenna gain
	18 dBi
	0 dBi

	Antenna height
	30 m
	1.5 m

	ACLR @ 5 MHz
	53.5 dB
	33 dB

	ACLR @ 10 MHz
	66 dB
	43 dB

	ACS @ 5 MHz
	70 dB
	40 dB

	ACS @ 10 MHz
	70 dB
	59 dB

	Noise figure
	3 dB
	5 dB

	Downlink/uplink ratio
	2:1


For OFDMA-TDD-WMAN using a 10 MHz channel bandwidth the characteristics are as shown in Table 3-2. Note that the ACLR and ACS values apply for a bandwidth of 5 MHz rather than 10 MHz, and that all other parameters are identical to the 5 MHz scenario.

[Editor’s note: The calculation of the ACLR values in Table 3-2 requires clarification.]
Table 3-2
10 MHz OFDMA-TDD-WMAN parameters

	
	Base Station
	Mobile Station

	Max Transmit Power
	36 dBm
	20 dBm

	Antenna Gain
	18 dBi
	0 dBi

	Antenna Height
	30 m
	1.5 m

	ACLR(5 MHz) @ 7.5 MHz
	53.7 dB
	33.4 dB

	ACLR(5 MHz) @ 12.5 MHz
	66.2 dB
	43.4 dB

	ACS(5 MHz) @ 7.5 MHz
	70 dB
	40 dB

	ACS(5 MHz) @ 12.5 MHz
	70 dB
	59 dB

	Noise Figure
	3 dB
	5 dB

	Downlink/uplink Ratio
	2:1


When performing sharing studies between IMT-2000 and other technologies, appropriate parameters for the IMT-2000 technologies are given in Report ITU-R M.2039 [7]. The parameters of CDMA-DS used in the analyses are given in Table 3-3. As for the OFDMA-TDD_WMAN ACLR and ACS parameter values, refer to Section 3.3.1 for further information about the CDMA-DS ACLR and ACS values presented in Table 3-3.
Table 3-3

CDMA-DS parameters for use in the 5 MHz study [7]

	
	Macrocell base station
	Microcell base station
	Picocell 
base station
	Mobile station

	Max transmit power
	43 dBm
	38 dBm
	24 dBm
	21 dBm

	Antenna gain
	17 dBi
	5 dBi
	0 dBi
	0 dBi

	Antenna height
	30 m
	6 m
	1.5 m
	1.5 m

	ACLR @ 5 MHz
	45 dB
	33 dB

	ACLR @ 10 MHz
	50 dB
	43 dB

	ACS @ 5 MHz
	46 dB
	33 dB

	ACS @ 10 MHz
	58 dB
	43 dB

	Noise figure
	5 dB
	9 dB

	Required Eb/No
	6.1 dB for voice
	7.9 dB for voice

	Power control range
	30 dB (1 dB per step)
	80 dB 
(1 dB per step) 


Although the IMT-2000 system is identical in both the 5 MHz and 10 MHz studies, the ACLR and ACS parameters are different to those given in Report ITU-R M.2039 [7] as different bandwidths and frequency offsets need to be taken into account. Based on the 3GPP spectrum mask for CDMA‑DS [6, 8], shown in Figure 3-1, ACLR values for a 10 MHz adjacent channel have been derived by using the equation defined in Report ITU-R SM.1541 [9]. For the first adjacent channel, ACLR value is calculated by integrating interference power in the 9 MHz receiver bandwidth, thus ACLR value at 7.5 MHz frequency offset is defined. For the second adjacent channel, the ACLR value is calculated by integrating the interference power in the 9 MHz receiver bandwidth of the signal centred in the 10 MHz channel separated by 5 MHz, thus the ACLR value at 12.5 MHz frequency offset is defined. ACS values for the CDMA-DS system may be calculated using the formulation of Jensen [10] but these assumed to be identical to the ACS for 5 MHz adjacent channel case.
FIGURE 3-1
Spectrum masks of CDMA-DS base station and mobile station
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Parameters for IMT-2000 CDMA-DS technologies used in the sharing study are given in the Table 3-4. For the ACS value of a CDMA-DS mobile station, the values obtained from the formulation of Jensen [10] are used and ACLR value of the mobile station is assumed to be identical to the ACS.
Table 3-4
CDMA-DS parameters for use in the 10 MHz OFDMA-TDD-WMAN analysis 

	
	Macrocell Base Station
	Microcell Base Station
	Picocell 
Base Station
	Mobile Station

	Max Transmit Power
	43 dBm
	38 dBm
	24 dBm
	21 dBm

	Antenna Gain
	17 dBi
	5 dBi
	0 dBi
	0 dBi

	Antenna Height
	30 m
	6 m
	1.5 m
	1.5 m

	ACLR @ 7.5 MHz
	43 dB
	31 dB

	ACLR @ 12.5 MHz (Note 1)
	46 dB
	45 dB

	ACS @ 7.5 MHz
	46 dB
	36 dB

	ACS @ 12.5 MHz (Note 1)
	58 dB
	46 dB

	Noise Figure
	5 dB
	9 dB

	Required Eb/No
	6.1 dB for voice
	7.9 dB for voice

	Power Control Range
	30 dB (1 dB per step)
	80 dB (1 dB per step)

	Note 1: In this case, a 5 MHz guard channel is assumed.


[Editor’s note: A graph is needed to show the relative position of victim and interfering channels in each adjacency scenario. Also, the labguage throughtout the document on ‘1st and 2nd ACLR needs to be clarified accordingly.]
3.3
Deterministic analyses
This section addresses the impact of ACI between a CDMA-DS system and an OFDMA-TDD-WMAN system
. The interference paths that can exist when these two technologies operate in adjacent spectrum are as follows.

1)
Interference from a CDMA-DS base station to an OFDMA-TDD-WMAN base station.

2)
Interference from a CDMA-DS base station to an OFDMA-TDD-WMAN mobile station.

3)
Interference from a CDMA-DS mobile station to an OFDMA-TDD-WMAN base station.

4)
Interference from a CDMA-DS mobile station to an OFDMA-TDD-WMAN mobile station.

5)
Interference from an OFDMA-TDD-WMAN base station to a CDMA-DS base station.

6)
Interference from an OFDMA-TDD-WMAN base station to a CDMA-DS mobile station.

7)
Interference from an OFDMA-TDD-WMAN mobile station to a CDMA-DS base station.

8)
Interference from an OFDMA-TDD-WMAN mobile station to a CDMA-DS mobile station.

Note that not all of these interference paths result in significant interference in any given configuration. For example, if the OFDMA-TDD-WMAN channel is adjacent to the CDMA-DS FDD downlink channel, then only Interference Paths 1, 2, 6 and 8 are relevant. Alternatively, when the OFDMA-TDD-WMAN channel is adjacent to the CDMA-DS FDD uplink channel, then only interference paths 3, 4, 5 and 7 are relevant.

In the interference analysis, the OFDMA-TDD-WMAN and CDMA-DS systems are modelled as operating in a macrocellular network. Additionally, the analysis includes microcellular and indoor picocellular deployment scenarios for the CDMA-DS system only.

It is important to note that the deterministic analyses presented in this section are based on worst-case locations for the mobile stations.

3.3.1
Adjacent channel leakage ratio and adjacent channel selectivity

[Editor’s note: Section 3.3.1 needs to be moved to before section 3.3 as it applies to both deterministic and statistical analyses.]
The level of interference received depends on the spectral “leakage” of the interferer’s transmitter and the adjacent channel blocking performance of the receiver. For the transmitter, the spectral leakage is characterized by the ACLR, which is defined as the ratio of the transmitted power to the power measured in the adjacent radio frequency (RF) channel at the output of a receiver filter. Similarly, the adjacent channel performance of the receiver is characterized by the ACS, which is the ratio of the power level of unwanted ACI to the power level of co-channel interference that produces the same bit error ratio (BER) performance in the receiver. The ACLR and ACS values for the CDMA-DS base station and mobile station are defined by the specifications for the first and second adjacent channels, which correspond to carrier separations of 5 MHz and 10 MHz, respectively [11, 12]. These values are set according to Table 3-3, which are also identical to those used in another co-existence study performed by the ITU [1]. When the adjacent channel is 10 MHz the standard values are not appropriate, and the values given in Table 3-4 should be used.

The equivalent ACLR and ACS for the first and second adjacent channels of the OFDMA-TDD-WMAN system are left to the industry and local regulations in the IEEE 802.16 specifications; however a set of RF parameters has been specified in Report ITU-R M.2116, which can be used for sharing studies in the band 2 500 MHz-2 690 MHz [5]. The proposed ACLR and ACS performance for the OFDMA-TDD-WMAN system with a 5 MHz channel bandwidth is shown in Table 3-1, and the ACLR and ACS performance of a 10 MHz OFDMA-TDD-WMAN system measured in a 5 MHz bandwidth with frequency offsets of 7.5 and 12.5 MHz is given in Table 3-2. 

3.3.2
Adjacent channel interference ratio

[Editor’s note: Section 3.3.2 needs to be moved to before section 3.3 as it applies to both deterministic and statistical analyses.]
In order to determine the composite effect of the transmitter and receiver imperfections, the ACLR and ACS values defined above were combined to give a single adjacent channel interference ratio (ACIR) value using the following equation [1],
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Using the above equation and the ACLR and ACS values listed in Table 3-1 and Table 3-3, the ACIR values can be calculated for the various interference paths between the CDMA-DS equipment and the 5 MHz OFDMA-TDD-WMAN equipment. These ACIR values, shown in Table 3-5, are based on ‘standard’ equipment, which is defined as equipment that conforms to the CDMA-DS specified requirements [11, 12] and the RF parameters specified in Report ITU-R M.2116 [5]. 

Table 3-5
ACIR values (in decibels) for the interference paths of interest, 
when using “standard” equipment

	Interference path
	Interference source
	Victim receiver
	First adjacent channel
	Second adjacent channel

	5
	OFDMA-TDD-WMAN base station
	CDMA-DS base station
	45.3
	57.4

	1
	CDMA-DS base station
	OFDMA-TDD-WMAN base station
	45.0
	50.0

	6
	OFDMA-TDD-WMAN base station
	CDMA-DS mobile station
	33.0
	43.0

	3
	CDMA-DS mobile station
	OFDMA-TDD-WMAN base station
	33.0
	43.0

	2
	CDMA-DS base station
	OFDMA-TDD-WMAN mobile station
	38.8
	49.5

	7
	OFDMA-TDD-WMAN mobile station
	CDMA-DS base station
	32.8
	42.9

	8
	OFDMA-TDD-WMAN mobile station
	CDMA-DS mobile station
	30.0
	40.0

	4
	CDMA-DS mobile station
	OFDMA-TDD-WMAN mobile station
	32.2
	42.9


Similarly, by using 10 MHz OFDMA-TDD-WMAN parameters and CDMA-DS parameters in Tables 3-2 and 3-4 respectively, the ACIR values can be calculated for each interference case as and the result is shown in Table 3-6.
Table 3-6 
ACIR values (in decibels) for the interference case

	Interference Case
	Interference Source
	Victim Receiver
	First Adjacent Channel
	Second Adjacent Channel

	5
	10MHz OFDMA-TDD-WMAN Base Station
	CDMA-DS Base Station
	45.3
	57.4

	1
	CDMA-DS Base Station
	10MHz OFDMA-TDD-WMAN Base Station
	43.0
	46.0

	6
	10MHz OFDMA-TDD-WMAN Base Station
	CDMA-DS Mobile Station
	35.9
	46.0

	3
	CDMA-DS Mobile Station
	10MHz OFDMA-TDD-WMAN Base Station
	31.0
	45.0

	2
	CDMA-DS Base Station
	10MHz OFDMA-TDD-WMAN Mobile Station
	38.2
	45.8

	7
	10MHz OFDMA-TDD-WMAN Mobile Station
	CDMA-DS Base Station
	33.2
	43.3

	8
	10MHz OFDMA-TDD-WMAN Mobile Station
	CDMA-DS Mobile Station
	31.5
	41.5

	4
	CDMA-DS Mobile Station
	10MHz OFDMA-TDD-WMAN Mobile Station
	30.5
	44.8


3.3.3
Protection criteria

In this analysis, the interference thresholds shown in Table 3-7 are used as the maximum interference limits that can be tolerated by the CDMA-DS and OFDMA-TDD-WMAN equipment. These thresholds are specified in Report ITU-R M.2039 [7] and Report ITU‑R M.2116 [5] for the CDMA-DS and 5 MHz OFDMA-TDD-WMAN equipment, respectively.

Table 3-7
Maximum interference limit (in decibels) for the OFDMA-TDD-WMAN 
and CDMA-DS equipment
	Station type
	Maximum interference limit

	
	5 MHz  OFDMA-TDD-WMAN
	10 MHz OFDMA-TDD-WMAN 
	CDMA-DS

	Base station
	–110
	–107
	–109

	Mobile station
	–108
	–105
	–105


The difference between the levels of interference received and the maximum interference limit yields the additional isolation needed to ensure successful co-existence. This additional isolation is calculated for different frequency offsets between the carriers of the two systems to provide an indication of the size of the guard bands that would be required.

3.3.4
Results

In the following subsections, the key results are summarised for different interference and network deployment scenarios. Detailed descriptions of these results are given in Appendices II, III and IV of Annex 2 for interference between base stations, interference between a base station and a mobile station, (and vice versa) and interference between mobile stations, respectively.

3.3.4.1
Interference between base stations 

For the 5 MHz OFDMA-TDD-WMAN base station-to- CDMA-DS base station interference scenario, the additional isolation required to ensure successful co-existence when the OFDMA-TDD-WMAN base station transmits in a channel close to the CDMA-DS uplink channel is summarised in Table 3-8A . Similarly, the additional isolation required to ensure co-existence, when the OFDMA-TDD-WMAN base station receives in a channel close the the CDMA-DS downlink channel is tabulated in Table 3-8B. Note that successful co-existence is achieved when additional isolation is not needed. The summary in Table 3-8 includes results for co‑sited OFDMA-TDD-WMAN and CDMA-DS base stations, and for OFDMA-TDD-WMAN and CDMA-DS base stations separated by distances of 100 m, 300 m, 500 m and 1 km. Note that a negative value in this table signifies that the isolation provided by the ‘standard’ equipment is sufficient to limit the interference in that particular case to acceptable levels, and the absolute value indicates the size of the ‘margin’ available in the adjacent channel protection. 

Table 3-8A
A summary of the additional isolation needed (in decibels) to protect CDMA-DS base station receivers from interference from 5 MHz OFDMA-TDD-WMAN base station transmissions (Interference path 5) for different base station separation distances
	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	69.7
	54.0
	44.4
	40.0
	34.0

	
	2nd adjacent channel
	57.6
	41.9
	32.3
	27.9
	21.9

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	22.7
	13.5
	-4.6
	-13.1
	-24.5

	
	2nd adjacent channel
	10.6
	1.4
	-16.7
	-25.2
	-36.6

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	10.7
	-3.4
	-21.6
	-30.0
	-41.4

	
	2nd adjacent channel
	-1.4
	-15.5
	-33.7
	-42.1
	-53.5


Table 3-8B
A summary of the additional isolation needed (in decibels) to protect 5 MHz OFDMA-TDD-WMAN base station receivers from interference from CDMA-DS base station transmissions (Intereference path 1) for different base station separation distances
	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	78.0
	62.3
	52.7
	48.3
	42.3

	
	2nd adjacent channel
	73.0
	57.3
	47.7
	43.3
	37.3

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	26.0
	16.8
	-1.3
	-9.8
	-21.2

	
	2nd adjacent channel
	21.0
	11.8
	-6.3
	-14.8
	-26.2

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	0.0
	-14.1
	-32.3
	-40.7
	-52.1

	
	2nd adjacent channel
	-5.0
	-19.1
	-37.3
	-45.7
	-57.1


Similarly, a summary of the additional isolation required for 10 MHz OFDMA-TDD-WMAN is given in Table 3-9A and 3-9B.

Table 3-9A
A summary of the additional isolation needed (in decibels) to protect CDMA-DS base station receivers from interference from 10 MHz OFDMA-TDD-WMAN base station transmissions (Interference path 5)  for different base station separation distances
	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	69.7
	54.0
	44.4
	40.0
	34.0

	
	2nd adjacent channel
	57.6
	41.9
	32.3
	27.9
	21.9

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	22.7
	13.5
	-4.6
	-13.1
	-24.5

	
	2nd adjacent channel
	10.6
	1.4
	-16.7
	-25.2
	-36.6

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	10.7
	-3.4
	-21.6
	-30.0
	-41.4

	
	2nd adjacent channel
	-1.4
	-15.5
	-33.7
	-42.1
	-53.5


Table 3-9B
A summary of the additional isolation needed (in decibels) to protect 10 MHz OFDMA-TDD-WMAN base station receivers from interference from CDMA-DS base station transmissions (Intereference path 1) for different base station separation distances

	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	77.0
	61.3
	51.7
	47.3
	41.3

	
	2nd adjacent channel
	74.0
	58.3
	48.7
	44.3
	38.3

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	25.0
	15.8
	-2.3
	-10.8
	-22.2

	
	2nd adjacent channel
	22.0
	12.8
	-5.3
	-13.8
	-25.2

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	-1.0
	-15.1
	-33.3
	-41.7
	-53.1

	
	2nd adjacent channel
	-4.0
	-18.1
	-36.3
	-44.7
	-56.1


The results in Table 3-8A, 3-8B, 3-9A and 3-9B indicate that for an OFDMA-TDD-WMAN macrocellular/CDMA-DS macrocellular deployment with different site separation distances, additional isolation is required to ensure satisfactory coexistence. Similarly, for scenarios with co-sited OFDMA-TDD-WMAN/CDMA-DS macrocellular sites for which an antenna coupling loss of 30 dB is assumed, additional isolation is needed for all network deployments scenarios (i.e., CDMA‑DS macrocellular, microcellular and picocellular networks). However, there are cases when the standard equipment provides sufficient isolation for co-existence as indicated by the negative values in Tables 3-8A, 3-8B, 3-9A and 3-9B; for example with the CDMA-DS picocell in the second adjacent channel, or with the CDMA-DS picocell in the first adjacent channel and the OFDMA-TDD-WMAN channel adjacent to the CDMA‑DS FDD downlink channel (when only Interference Path 1 is relevant).

3.3.4.2
Interference between base stations and mobile stations

[Section 3.4 describes a thorough computer simulation analysis;] however in the deterministic study, only cases that presented a significant impact to the ACI performance of the two systems are studied. Specifically, a situation could occur where a mobile station is at its cell boundary and close to a victim base station. This represents a worst-case interference scenario with the mobile station transmitting at full power in the first or second adjacent channels whilst close to the victim base station. As a result of the close proximity between the base station and mobile station, the minimum coupling loss between the base station antenna and mobile station antenna is applied, which is described further in Appendix III of Annex 2. The additional isolation needed in this situation is shown in Table 3-10, which indicates that the performance of the base station will be degraded due to interference from a nearby mobile station. The additional isolation required when considering interference between base station and mobiles when OFDMA-TDD-WMAN uses a 10 MHz channel bandwidth is summarised in Table 3-11.  

Similarly, the performance of the mobile station is severely affected by interference from the base station that could cause the call to be dropped. It is important to note that these scenarios are isolated cases and that they do not represent the average behaviour of the network. However, if these scenarios do occur in deployed networks, the localised performance degradation may be severe. One should note that similar behaviour occurs in uncoordinated CDMA-DS networks operating in adjacent channels, with the creation of dead zones in the vicinity of the other network’s base stations. Thus, this interference issue is not particular to the adjacent channel OFDMA-TDD-WMAN / CDMA-DS system deployment scenario.

In a recent CDMA TDD and CDMA-DS co-existence study undertaken by the ITU [1], Monte Carlo simulations were conducted to analyze the impact of base station-to-mobile station interference. The report concluded that the capacity loss due to this interference is small and negligible when averaged across the network. This indicated that based on an average network behaviour, successful co-existence can be achieved between a TDD and CDMA-DS system. This analysis can also be applied to the co-existence of OFDMA-TDD-WMAN and CDMA-DS technologies, as the OFDMA-TDD-WMAN ACLR and ACS performance is similar to, or better than that of CDMA-DS TDD. [A statistical simulation to assess the effects on capacity is presented in Section 3.4].
Table 3-10

A summary of the additional isolation needed (in decibels) when considering 
interference between base stations and mobile stations for selected scenarios using
CDMA-DS and OFDMA-TDD-WMAN operating in 5 MHz channels 

	Deployment scenario
	OFDMA-TDD-WMAN mobile station =>
CDMA-DS base station

(Interference
Path 7)
	CDMA-DS base station => OFDMA-TDD-WMAN mobile station

(Interference
Path 2)
	CDMA-DS mobile station =>
OFDMA-TDD-WMAN base station

(Interference
Path 3)
	OFDMA-TDD-WMAN base station =>
CDMA-DS mobile station

(Interference
Path 6)

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	20.5
	36.5
	22.3
	32.3

	
	2nd adjacent channel
	10.4
	25.8
	12.3
	22.3

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	40.4
	51.4
	As above

	
	2nd adjacent channel
	30.3
	40.7
	

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	55.5
	52.5
	As above

	
	2nd adjacent channel
	45.4
	41.8
	


Table 3-11
A summary of the additional isolation needed (in decibels) when considering 
interference between BSs and MSs for scenarios using CDMA-DS equipment and 10 MHz OFDMA-TDD-WMAN equipment
	Deployment Scenarios
	10MHz OFDMA-TDD-WMAN MS =>
CDMA-DS BS
	CDMA-DS BS => 10MHz OFDMA-TDD-WMAN MS
	CDMA-DS MS => 10MHz OFDMA-TDD-WMAN BS
	10MHz OFDMA-TDD-WMAN BS =>
CDMA-DS MS

	10MHz OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	20.1
	34.1
	21.3
	29.4

	
	2nd adjacent channel
	10.0
	26.5
	7.3
	19.3

	10MHz OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	40.0
	49.0
	As above

	
	2nd adjacent channel
	29.9
	41.4
	

	10MHz OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	55.1
	50.1
	As above

	
	2nd adjacent channel
	45.0
	42.5
	


3.3.4.3
Interference between mobile stations 

Finally, analysis of the impact of ACI between an OFDMA-TDD-WMAN mobile station and a CDMA-DS mobile station is based on a worst-case scenario where the mobile stations are close together and transmitting at maximum power, and where the TDD channel is adjacent to the CDMA-DS FDD downlink channel. Although this scenario has a relatively low probability of occurring, it could exist when mobile stations are in a confined space such as the same room, a bus or train, whilst being served by an external macrocellular or microcellular base station [1], or if the same person wished to use the OFDMA-TDD-WMAN transceiver and the CDMA-DS transceiver simultaneously. For example, the ACI performance can be quantified if the separation distance between the mobile stations is only 1 m (using the free space propagation model). The results for the 5 MHz OFDMA-TDD-WMAN system indicate that additional isolation of 54.3 dB and 44.3 dB would be needed for the first and second adjacent channels, respectively, to fully protect the CDMA-DS receiver from the OFDMA-TDD-WMAN transmission, ie, Interference Path 8, whilst additional isolations of 56.1 dB and 45.4 dB would be needed to fully protect the OFDMA-TDD-WMAN receiver, ie, Interference Path 4, in the first and second adjacent channels, respectively. Similarly, calculations for the 10 MHz OFDMA-TDD-WMAN system indicate that additional isolations of 54.8 dB and 40.5 dB would be needed for the first and second adjacent channels, respectively, to fully protect the CDMA-DS receiver from the OFDMA-TDD-WMAN transmission, ie, Interference Path 8, whilst additional isolations of 54.8 dB and 40.5 dB would be needed to fully protect the OFDMA-TDD-WMAN receiver, ie, Interference Path 4, in the first and second adjacent channels, respectively. Note that similar isolations would be required if a CDMA- TDD mobile station were in such close proximity to the CDMA-DS mobile station [1].  Hence, this interference scenario is not particular to the deployment of OFDMA-TDD-WMAN in the band. 
An ITU study of CDMA-DS/CDMA-TDD interference [1] demonstrates that the interference between mobile stations has a small and negligible impact on the average network capacity provided that the mobile stations are uniformly distributed across the coverage area of the cell. This suggests that co-existence is feasible. The study indicated that only the users in close proximity experienced severe ACI whilst the majority of other users were not affected. It is also important to note that inherent system procedures such as handover and power control can alleviate the impact of ACI between two mobile stations. For example, conflicting terminals could be assigned to channels that are widely separated in frequency [2].

3.4
Statistical analysis

In order to capture dynamic features such as power control and more realistic user behaviour in terms of location and the services used, a statistical analysis is necessary, in addition to the more straight forward deterministic analysis of the previous section. 

3.4.1 Evaluation methodology and simulation procedure
[Editor’s note:  There may be a need to provide introductory text prior to the subsections describing each of the simulation methodologies.]
3.4.1.1
Static Simulation Methodology

The two systems, OFDMA-TDD-WMAN and CDMA-DS are modelled using a Monte Carlo approach, with a hexagonal grid of cells used for each network. Intrasystem and intersystem interference is modelled, with mobiles being placed randomly in cells. The results of a number of snapshots are combined to produce cumulative density functions (CDFs) of the interference. The loss that results from the introduction of intersystem interference is computed.

The simulation procedure is as follows:

1) Configure system deployment layout and simulation parameters.

2) Place mobile stations in the service area and let mobile station select its base station (using OFDMA-TDD-WMAN as an example here).

2.1)
Place a large number of mobile stations in each sector. For example, drop 40 mobile stations in each sector in OFDMA-TDD-WMAN. The more mobile stations dropped, the less the chance that a sector has less than 5 associated mobile stations. However, the more mobile stations dropped, the longer the simulation time on the base station selection process.

2.2)
Calculate each link’s path-loss, including antenna gain and shadow fading. Each mobile station chooses its base station based on the strongest signal it receives (or the least loss). After this step, most likely each sector may have different number of associated mobile stations.

2.3)
If any sector has less than 5 associated mobile stations, go back to step 2.1. Otherwise, go to step 2.4.

2.4)
For each sector, randomly choose 5 mobile stations from all of its associated users as the active users for this time slot.

3) Perform iterative power control and SINR calculation.

4) Collect statistics.

5) Repeat steps 2-5 until the number of snap shots is reached.

6) Process results. 
3.4.1.2 Dynamic Simulation Methodology [Editor’s note: From contribution 8F/1263]
We propose to introduce packet switched service simulation method from 3GPP TR 25.848. The detail description of simulation method is as follows:

A.3.3
Data traffic model

The described data-traffic model simulates bursty web traffic. The parameters of the model are based on [4] but have been tailored to reduce simulation run time by decreasing the number of UEs required to achieve peak system loading. The main modification is to reduce the reading time between packet calls. In addition, TCP/IP rate adaptation mechanisms have been included to pace the packet arrival process of packets within a packet call.

The model assumes that all UEs dropped are in an active packet session. These packet sessions consist of multiple packet calls representing Web downloads or other similar activities. Each packet call size is modeled by a truncated Pareto distributed random variable producing a mean packet call size of 25 Kbytes. Each packet call is separated by a reading time. The reading time is modeled by a Geometrically distributed random variable with a mean of 5 seconds. The reading time begins when the UE has received the entire packet call.

Each packet call is segmented into individual packets. The time interval between two consecutive packets can be modeled in two ways, as an open loop process or as a closed loop process. The open loop process models the timer interval as a geometrically distributed random variable. Specifically, the mean packet inter-arrival time will be set to the ratio of the maximum packet size divided by the peak link speed. The closed loop model will incorporate the “slow-start” TCP/IP rate control mechanism for pacing packet traffic. Slow-start will be implemented as described in [5]. A total round trip network delay of 100 ms will be assumed for TCP ACK feedback.

The fundamentals of the data-traffic model are captured in Table 6.

Table 37
Data-traffic model parameters

	Process
	Random Variable
	Parameters

	Packet Calls Size
	Pareto with cutoff
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time Between Packet Calls
	Geometric
	μ = 5 seconds

	Packet Size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per Packet Call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet Inter-arrival Time

(open- loop)
	Geometric
	μ = MTU size /peak link speed

(e.g. [1500 octets * 8] /2 Mbps = 6 ms)

	Packet Inter-arrival Time

(closed-loop)
	Deterministic
	TCP/IP Slow Start

(Fixed Network Delay of 100 ms)


A.3.4
UE mobility model

A static or dynamic UE mobility model can be used. Both fixed UE speed or a speed distribution may be used. In the latter case the speed distribution given in Figure 5 shall be used, see also 
Table 7. A speed is assigned to each user at the beginning of the simulation and will not be changed during the simulation. Stationary UEs signal paths will be Rician faded with K factor of 12 dB and 2 Hz Doppler spread.

Figure 60
Pedestrian and low mobility speed distribution
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Table 38
Speed distribution
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A.3.5
Packet scheduler

Multiple types of packet schedulers may be simulated. However, initial results may be provided for the two simple schedulers provided below that bound performance. The first scheduler (C/I based) provides maximum system capacity at the expense of fairness, because all frames can be allocated to a single user with good channel conditions. The Round Robin (RR) scheduler provides a more fair sharing of resources (frames) at the expense of a lower system capacity.

Both scheduling methods obey the following rules:


An ideal scheduling interval is assumed and scheduling is performed on a frame by frame basis.


The “frame” is defined by the HSDPA concept, e.g. 0.67ms (1 slot), 3.33ms (5 slots), or 10 ms (15 slots).


A queue is 'non-empty' if it contains at least 1 octet of information.


Packets received in error are explicitly rescheduled after the ARQ feedback delay consistent with the HSDPA definition.


A high priority queue is maintained to expedite the retransmission of failed packet transmission attempts. Entry into the high priority queue will be delayed by a specified time interval (e.g. 5 frame intervals) to allow for scheduler flexibility
. If the packet in the high-priority queue is not rescheduled after a second time interval (e.g. 10 frame intervals) it is dropped.


Packets from the low priority queue may only be transmitted after the high-priority queue is empty. 


Transmission during a frame cannot be aborted or pre-empted for any reason

The C/I scheduler obeys the following additional rules:


At the scheduling instant, all non-empty source queues are rank ordered by C/I for transmission during a frame. 


The scheduler may continue to transfer data to the UE with the highest C/I until the queue of that UE is empty, data arrives for another UE with higher C/I, or a retransmission is scheduled taking higher priority. 


Both high and low priority queues are ranked by C/I.

The RR scheduler obeys the following rules:


At the scheduling instant, non-empty source queues are serviced in a round-robin fashion.


All non-empty source queues must be serviced before re-servicing a user. 


Therefore, the next frame cannot service the same user as the current frame unless there is only one non-empty source queue.


The scheduler is allowed to group packets from the selected source queue within the frame.

A.3.6
Outputs and performance metrics

The following suggested performance metrics for both the entire system and the center site taken over each simulation run may be provided. In all cases, a packet is as defined by the traffic model.

Percentage of users as a function of throughput for different loading levels

Throughput is measured on a per packet basis and is equal to the number of information bits divided by the total transmission time. In other words, retransmissions are accounted for and reduce the peak data rate statistic. The total transmission time is defined to include the time to transmit the initial attempt and each subsequent retry. 

For example, consider a packet “m”:


Packet m contains Im information bits.


Packet requires three attempts to transmit.  


Packet m takes Tm,j seconds to transmit for attempt j
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The rate of each packet is calculated as in the previous section. 
The following statistics as a function of offered load may also be provided 

Throughput per sector: Total number of bits successfully transferred divided by the total number of sectors and simulation duration.

Average and Variance of Packet Call Completion Time – measured from when the first packet of a packet call arrives at the base station’s queue to when the final packet of the packet call is received by the UE station
Average and Variance Packet Call Transfer Rate - defined as the payload size of a packet call divided by the transfer time where transfer time is measured from when the first packet of a packet call is transmitted by the base station to when the final packet of  the packet call is received by the UE station
Service Rate – the number of completed packet calls per second.

A.3.7
Equivalent SNR method based on convex metric (ECM)

This scheme combines ESM with the convex metric based on capacity formula. The detailed procedures are explained in the following.
Assume that M is the number of slots, S is number of modulation symbols in each slot, N is number of information bits. We have all other variables (like channel response, transmission power, noise variances per slot, etc.) available. The ESM method combines all these information to produce effective Eb/Nt per frame.
ECM uses the same formula as ESM, but calculates the effective Es/Nt per slot. Thus we have the following M effective Es/Nt values per slot.
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Then the channel capacity of each slot Cm is 
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Then we average Cm so that the final capacity C is
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Then the new effective 
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Where Ns is the number of information bits per modulation symbol.
3.4.2 Input parameters and assumptions

Table 3.4.2-1 summarizes the input parameters and assumptions.

Table 3.4.2-1

Common simulation assumptions and parameters

	Cell layout
	Macro 19 clover-leaf cells, 3 sectors per cell

	Cell size
	Radius: R=1 000 m

	Shift of two systems
	Six different offset locations

	Spectrum band
	2.500 ~ 2.690 GHz

	Allocated bandwidth
	5 MHz

	OFDMA-TDD-WMAN system load
	75%

	OFDMA-TDD-WMAN active users
	5 per sector

	Power control
	150 steps SINR based (CDMA-DS UL, CDMA-DS DL); No power control in OFDMA-TDD-WMAN

	Base station antenna type
	Directional

	Frequency reuse
	CDMA-DS: 1

OFDMA-TDD-WMAN: 1x3x1, 1x3x3

	Base station locations
	Center of the cell

	Mobile station locations
	Uniformly distributed

	Mobile station antenna type
	Omnidirectional

	Minimum Coupling Loss between collocated base stations
	50 dB. Note that this coupling loss is larger than that given in ITU-R Reports M.2030 and M.2116; however it lies within the range of improved coupling losses given in ITU-R Report M.2045.


3.4.2.1 Network deployment

Three-sector clover-leaf cellular layout is used in this study as shown in Figure 3.4.2.1-1. D is the distance between two base stations within a system. In this study D is 1500 meters. R is the radius of a cell which is 1 000 meters.
Figure 3.4.2.1-1

Large area multiple systems deployment using directional antennas
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In Figure 3.4.2.1-1, the two colors indicate overlay of two different systems, i.e. CDMA-DS and OFDMA-TDD-WMAN, in the same area. The simulation area is wrapped around to remove edge effects.

3.4.2.2 Frequency reuse

Frequency reuse schemes of 1x3x1 and 1x3x3 in the OFDMA-TDD-WMAN systems are shown in Figure 3.4.2.2-1.

Figure 3.4.2.2-1

OFDMA-TDD-WMAN frequency reuse schemes 1x3x1 (left) and 1x3x3 (right)
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Following is how frequency reuse schemes (1x3x1 and 1x3x3) and loading factor (75%) are defined. For frequency reuse 1x3x1, each sector in the whole service area uses the same 5 MHz bandwidth. Each sector independently and randomly chooses 75% sub-carriers within the whole 5 MHz bandwidth as this sector’s active sub-carriers. Each sector has five simultaneously active users. Each sector evenly and randomly divides its active sub-carriers between users.

For frequency reuse 1x3x3, each cell uses the same 5 MHz bandwidth, but each sector only occupies 5/3 MHz bandwidth. To simplify simulation, it is assumed that this “5/3 MHz” is uniformly distributed in the 5 MHz bandwidth. In other words, base station evenly and randomly divides all of its sub-carriers to the three sectors. It is also assumed that all base stations have the same assignment. For example, the sub-carriers in “Sector A” of “Cell 1” are the same as those in “Sector A” of “Cell 2”; the sub-carriers in “Sector B” of “Cell 1” are the same as those in “Sector B” of “Cell 2”; the sub-carriers in “Sector C” of “Cell 1” are the same as those in “Sector C” of “Cell 2”. As to the 75% loading, each sector independently and randomly chooses 75% sub‑carriers within the whole 5/3 MHz bandwidth as this sector’s active sub-carriers. Each sector has five simultaneously active users. Each sector evenly and randomly its active sub-carriers between users.

In the simulation model, no matter how much bandwidth a base station or a mobile station of OFDMA-TDD-WMAN occupies, it always transmits at its maximum power. In other words, the power is transmitted on those carriers that are used. For example, in 1x3x1, 100% of the base station power is distributed over 75% of the carriers, and 100% of the mobile station power is distributed over 15% of the carriers.

3.4.2.3 Propagation models

The models are described in Annex 2.

3.4.2.4 Directional antenna pattern

The base station antenna is directional antenna. Both of horizontal and vertical antenna patterns are considered in the study. The horizontal antenna pattern is specified as [13]
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where,
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is the horizontal angle from the antenna pointing direction;
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corresponds to 65 degrees;
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is the maximum attenuation [14].

Given the cell size used in this study, base station down inclination angle of 
[image: image75.wmf]o

4

 is chosen. The vertical antenna pattern is specified as [14,15]
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where,
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gain relative to an isotropic antenna (dBi);
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the maximum gain in or near the horizontal plane (dBi);
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absolute value of the elevation angle relative to the angle of maximum gain (degrees), ranging from 
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 to 
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the 3 dB beamwidth in the vertical plane (degrees);
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the 3 dB beamwidth in the horizontal plane (degrees), 
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 is chosen in this study;
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parameter which accounts for the side-lobe levels of the antenna, 
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is chosen in this study (recommends 2.1.2 of Recommendation ITU-R F.1336-2 [15]).

3.4.2.5 SINR modelling

SINR is given by 
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where S is the desired signal strength in dBm at the receiver;


nC 
is the number of co-channel interfering transmissions;


IC,i 
is the co-channel interference received from the ith transmitter in dBm;


nA 
is the number of adjacent channel interfering transmissions;


IA,j 
is the adjacent channel interference received from the jth transmitter in dBm as reduced by the ACS and ACLR;

N 
is the thermal noise in dBm; and


NF 
is the system noise figure in dB.

3.4.2.6 CDMA-DS processing gain, SINR, and Eb/No

CDMA-DS processing gain is given by:
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CDMA-DS uplink SINR is given by:
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where,
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is the received desired signal;
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is the interference caused by other users in the same sector;


[image: image96.wmf]other

I

 
is interference caused by other users in other sectors and other cells, as well as interference coming from OFDMA-TDD-WMAN; and
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is the thermal noise including the noise figure.

CDMA-DS downlink SINR is given by
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where,[image: image99.wmf]a

 is the orthogonality factor, which is 0.4 in this study [16].

CDMA-DS Eb/N0 is given by
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3.4.2.7 CDMA-DS power control

The power control algorithm considers intra-system as well as inter-system interference. Each CDMA-DS uplink does its own power control. At the end of power control, each CDMA-DS uplink transmits the least power to meet the Eb/N0 requirement at the base station. The base station transmits every code with the same power. Consequently the downlink power control algorithm considers the mobile station with the lowest receiving power level to ensure a working connection for each mobile station [ref: 3GPP TR 25.942 V6.4.0 (2005-03)]. The power control step size is 1 dB.
Each CDMA-DS frame contains 15 time slots, and each time slot lasts 0.667 ms. An OFDMA-TDD-WMAN frame is assumed to be 5 ms. The duration of one CDMA-DS frame thus corresponds to two OFDMA-TDD-WMAN frames. During the 150-step power control period in CDMA-DS, described below, interference from OFDMA-TDD-WMAN system is time variant depending on DL/UL ratio. In order to model the transition gaps between uplink and downlink in the TDD system, it is assumed that there is a gap of one slot between OFDMA-TDD-WMAN downlink and uplink. This assumption is illustrated in Figure 3.4.2.7-1. When calculating SINR for CDMA-DS at the end of the power control period, interferences from OFDMA-TDD-WMAN uplinks and OFDMA-TDD-WMAN downlinks are considered separately.

Figure 3.4.2.7-1

CDMA-DS and OFDMA-TDD-WMAN frames in time domain
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As shown in Figure 3.4.2.7-1, CDMA-DS FDD power control is affected by TDD DL and TDD UL. Following is the details in the 150-step power control:

Step 1 to 4, FDD is interfered by TDD DL

Step 5, FDD is not interfered by TDD (DL/UL transition gap, silent)

Step 6 to 7, FDD is interfered by TDD UL

Step 8, FDD is not interfered by TDD (UL/DL transition gap, silent)

Step 9 to 12, FDD is interfered by TDD DL

Step 13, FDD is not interfered by TDD (DL/UL transition gap, silent)

Step 14 to 15, FDD is interfered by TDD UL

Step 16 repeats step 1, and so on.

At the end of power control, interference from TDD DL/UL to FDD is calculated separately. Specifically, at the end of step 147, interference from TDD DL to FDD and interference from FDD to TDD DL are calculated; at the end of step 150, interference from TDD UL to FDD and interference from FDD to TDD UL are calculated.

3.4.2.8 CDMA-DS performance evaluation criteria

CDMA-DS uplink loading in single system case is evaluated according to a 6 dB noise rise over the thermal noise. A simulation is run with a predefined number of users per sector. At the end of power control, the average noise rise is measured. If it is lower than or higher than 6 dB, the number of users per sector is increased or decreased respectively until the 6 dB noise rise is reached. The number of users per sector corresponding to the 6 dB noise rise is defined as N_ul. A link is outage if its Eb/No is less than (target Eb/No – 0.5 dB) at the end of power control. The uplink outage rate corresponding to the 6 dB noise rise is defined as OR_ul_single. 
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CDMA-DS uplink is loaded with N_ul per sector in multi-system case (with additional interference from OFDMA-TDD-WMAN). Outage rate is measured and defined as OR_ul_multi.
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where [image: image106.wmf]ul
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 is the total outage uplinks in multi-system case.

CDMA-DS uplink capacity loss due to additional interference from OFDMA-TDD-WMAN is calculated by
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 is the number of uplinks which meet the required Eb/N0 in multi-system case.

CDMA-DS downlink loading in single system case is evaluated according to a 5% outage rate criterion. A simulation is run with a predefined number of users per sector. At the end of power control, Eb/N0 of each link is measured and compared with the target Eb/N0. If it is lower than the target, this link is considered in outage. If the outage rate is higher than or lower than 5%, the number of users per sector is decreased or increased respectively until the 5% outage rate is reached. The number of users per sector corresponding to the 5% outage rate is defined as N_dl. 
The downlink outage rate is defined as OR_dl_single. CDMA-DS downlink is loaded with N_dl per sector in multi-system case (with additional interference from OFDMA-TDD-WMAN). Outage rate is measured and defined as OR_dl_multi. CDMA-DS downlink capacity loss due to additional interference from OFDMA-TDD-WMAN is calculated by
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where [image: image112.wmf]single
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system; and
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 is the total downlinks of 19 cells which meet the required Eb/N0 in multi‑system. 
3.4.2.9 OFDMA-TDD-WMAN performance evaluation criteria

In the simulations, the OFDMA-TDD-WMAN system is 75% loaded; i.e., at any given time, 75% of sub-carriers are occupied. After each simulation instantaneous SINR at each OFDMA-TDD-WMAN receiver is collected. 

In order to get OFDMA-TDD-WMAN system level performance, OFDMA-TDD-WMAN link level performance results have to be obtained. The following table shows the OFDMA-TDD-WMAN link level performance simulation results in AWGN. OFDMA-TDD-WMAN physical layer is modelled. Neither ARQ nor scheduler gain (multi-user diversity) is included. The following table gives the required SNR to achieve the corresponding coding and modulation schemes for 1% packet error rate (PER) of 100 bytes convolutional turbo-coded (CTC) packets. Each result is averaged over 10,000 packets.
Outage is subsequently evaluated for 802.16 TDD: Outage occurs when the link SINR drops below -5.88 dB. 
Table 3.4.2.9-1

Signal to noise ratio and modulation efficiency of OFDMA-TDD-WMAN physical layer for 1% PER

	
	SNR
	Modulation efficiency relative to ½ rate-coded QPSK

	QPSK CTC ½,6
	–5.88
	1/6

	QPSK CTC ½,4
	–4.12
	1/4

	QPSK CTC ½,2
	–1.1
	0.5

	QPSK CTC ½
	1.9
	1

	QPSK CTC ¾
	5.2
	1.5

	16QAM CTC ½
	7.2
	2

	16QAM CTC ¾
	11.6
	3

	64QAM CTC 2/3
	15.6
	4

	64QAM CTC ¾
	17.3
	4.5


The OFDMA-TDD-WMAN average modulation efficiency is calculated based on each link’s instantaneous SINR and the SNR values in the above table, assuming that the interference is noise-like. It is given by: 
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where 
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 is modulation efficiency of the ith link and
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is the number of total links.

The loss in the modulation efficiency is calculated by
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where 
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 is the average modulation efficiency of the OFDMA-TDD-WMAN system without CDMA-DS interference and 
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 is the average modulation efficiency of the OFDMA-TDD-WMAN system when coexisting with a CDMA-DS system.

3.4.3 Interference scenarios

3.4.3.1 CDMA-DS UL interfered by OFDMA-TDD-WMAN
Interference to CDMA-DS UL includes:

1)
co-channel interference from the same sector;

2)
co-channel interference from other sectors of the same cell and other cells of the same system;

3)
adjacent channel interference from OFDMA-TDD-WMAN uplinks/downlinks.

3.4.3.2 OFDMA-TDD-WMAN interfered by CDMA-DS UL

Interference to OFDMA-TDD-WMAN UL includes:

1)
a) 
co-channel interference from the other cells’ uplinks of the same system (for frequency reuse 1x3x3);


b) 
co-channel interference from uplinks of other sectors of the same cell and uplinks of other cells of the same system (for frequency reuse 1x3x1);

2)
adjacent channel interference from CDMA-DS UL.

Interference to OFDMA-TDD-WMAN DL includes:

1)
a)
co-channel interference from the other cells’ downlinks of the same system (for frequency reuse 1x3x3);


b)
co-channel interference from downlinks of other sectors of the same cell and downlinks of other cells of the same system (for frequency reuse of 1x3x1);

2)
adjacent channel interference from CDMA-DS UL.

3.4.3.3 CDMA-DS DL interfered by OFDMA-TDD-WMAN
Interference to CDMA-DS DL includes:

1)
co-channel interference from the same sector (need to considering orthogonal factor);

2)
co-channel interference from other sectors of the same cell and other cells of the same system;

3)
adjacent channel interference from OFDMA-TDD-WMAN uplinks/downlinks.

3.4.3.4 OFDMA-TDD-WMAN interfered by CDMA-DS DL

Interference to OFDMA-TDD-WMAN UL includes:

1)
a) 
co-channel interference from the other cells’ uplinks of the same system (for frequency reuse 1 x 3 x 3);


b) 
co-channel interference from uplinks of other sectors of the same cell and uplinks of other cells of the same system (for frequency reuse 1 x 3 x 1);

2)
adjacent channel interference from CDMA-DS DL.

Interference to OFDMA-TDD-WMAN DL includes:

1)
a)
co-channel interference from the other cells’ downlinks of the same system (for frequency reuse 1x3x3);


b)
co-channel interference from downlinks of other sectors of the same cell and downlinks of other cells of the same system (for frequency reuse of 1 x 3 x 1);

2)
adjacent channel interference from CDMA-DS DL.

3.4.4 Results of statistical analysis

The standard ACLR and ACS numbers for CDMA-DS are used. Six offsets between two systems are simulated: 0 m (co-located), 100 m, 200 m, 300 m, 433 m, and 866 m. Simulations are run both on the first adjacent channel and the second adjacent channel; namely, no guard-channel and one guard-channel (5 MHz) exist between the two systems. Two frequency reuse schemes are considered in OFDMA-TDD-WMAN. Voice only services are considered in CDMA-DS. Simulation is performed for more than 300 snapshots. Since the wrap-around technique is used to eliminate edge cell effect, information can be collected in all 19 cells (57 sectors) for each snapshot.

Both systems are assumed to have the same sector orientation; namely, that the antennas of the two systems point in the same three parallel directions. Figure 3.4.4-1 illustrates deployment layout. Only three cells of CDMA-DS and one cell of OFDMA-TDD-WMAN are shown.

Figure 3.4.4-1

Six offset positions of the two systems
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In this study, additional isolation values required in case of CDMA-DS victim are chosen to meet the 5% capacity loss requirement in CDMA-DS performance. For the OFDMA-TDD-WMAN victim, additional isolation values are chosen to meet the 5% average modulation efficiency loss. Additional isolation can be achieved through the use of mitigating techniques.

3.4.4.1 CDMA-DS coexistence with OFDMA-TDD-WMAN with no guard band
3.4.4.1.1 Results based on static simulation methodology
In this section, the results of a static simulation of CDMA-DS coexisting with 5 MHz OFDMA‑TDD-WMAN in the same area with no guard band are given. 

The CDMA-DS system capacity loss due to interference from OFDMA-TDD-WMAN is shown in Table 3.4.4.1.1-1, and the CDMA-DS base station noise rise due to interference from OFDMA‑TDD-WMAN downlink is shown in Table 3.4.4.1.1-2. The OFDMA-TDD-WMAN average modulation efficiency loss and outage rate due to interference from CDMA-DS is shown in Table 3.4.4.1.1-3, and Table 3.4.4.1.1-4, respectively. The additional isolation required to ensure successful coexistence is given in Table 3.4.4.1.1-5. In the all of the result tables, the cells that are shaded in pink, are those that need additional isolation.

Table 3.4.4.1.1-1
Standard CDMA-DS system capacity loss with OFDMA-TDD-WMAN 
in the first adjacent channel

	
	Standard CDMA-DS system capacity loss in %

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	OFDMA-TDD-WMAN
	UL
	40
	7
	17
	7
	14
	7
	12
	7
	10
	7
	9
	7

	
	DL
	98
	0
	56
	1
	49
	0
	45
	0
	41
	0
	40
	1


Table 3.4.4.1.1-2
Standard CDMA-DS base station noise rise with OFDMA-TDD-WMAN 
in the first adjacent channel

	
	Standard CDMA-DS base station noise rise in dB

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	47.6
	32.4
	27.3
	24.6
	22.6
	21.4


Table 3.4.4.1.1-3
OFDMA-TDD-WMAN average modulation efficiency loss (including the users in outage) 
with standard CDMA-DS in the first adjacent channel

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	OFDMA-TDD-WMAN efficiency loss in %
	OFDMA-TDD-WMAN (1x3x1)
	UL
	6
	99
	6
	89
	6
	89
	5
	88
	5
	88
	5
	89

	
	
	DL
	57
	3
	47
	3
	47
	3
	45
	2
	43
	2
	44
	2

	
	OFDMA-TDD-WMAN (1x3x3)
	UL
	11
	99
	11
	94
	11
	94
	10
	93
	10
	93
	11
	94

	
	
	DL
	71
	5
	62
	5
	61
	5
	60
	4
	57
	4
	58
	4


Table 3.4.4.1.1-4
OFDMA-TDD-WMAN outage rate with standard CDMA-DS in the first adjacent channel

	
	Offset by 0m
	Offset by 100m
	Offset by 200m
	Offset by 300m
	Offset by 433m
	Offset by 866m
	OFDMA-TDD-WMAN Single System

	
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	

	OFDMA-TDD-WMAN outage rate in %
	OFDMA-TDD-WMAN (1x3x1)
	UL
	14
	99
	13
	83
	14
	82
	13
	80
	13
	80
	13
	82
	10.8

	
	
	DL
	38
	1
	31
	1
	30
	2
	28
	1
	26
	2
	26
	2
	0.8

	
	OFDMA-TDD-WMAN (1x3x3)
	UL
	4
	99
	4
	82
	4
	81
	4
	79
	4
	79
	4
	81
	1.1

	
	
	DL
	36
	0
	29
	1
	28
	1
	26
	1
	24
	1
	24
	1
	0.1


In Table 3.4.4.1.1-2, the noise rise values are significantly greater than the 6 dB noise rise that is commonly used to dimension CDMA-DS networks, implying that there is considerable link margin.  The additional isolation was also evaluated in another manner (labelled the ‘6 dB noise rise rule’ in Table 3.4.4.1.1-5. In this case, the additional attenuation was increased such that the interference from OFDMA-TDD-WMAN caused 5% capacity loss with a noise rise limited to 6 dB.
CDMA-DS uplink loading in single system case is defined in the section of “CDMA-DS performance evaluation criteria” as N_ul. CDMA-DS uplink loading in multiple systems case is also evaluated according to a 6 dB noise rise over the thermal noise, and it is defined as N_ul_multi_2.

The other CDMA-DS uplink capacity loss is defined as
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In the simulation, additional isolation from OFDMA-TDD-WMAN base station to CDMA-DS base station is added to reduce the interference and to decrease the capacity loss. When 
[image: image122.wmf]2

_

_

_

loss

ul

C

equals to 5%, the corresponding additional isolation is the additional isolation needed for successful coexistence of the two systems. Note that there is no difference between these methods for the case of an OFDMA-TDD-WMAN mobile station interfering with the CDMA-DS uplink.

In 802.16e TDD single system case, ie, in the absence of adjacent channel interference, simulations show that the downlink average modulation efficiency of 1x3x3 is 3.01 and the downlink average modulation efficiency of 1x3x1 is 1.50. Due to the fact that the 1x3x3 case has much less intra-system interference, it is much more sensitive to the inter-system interference. With 10% efficiency loss of 1x3x3 case, its downlink average modulation efficiency becomes 2.71, which is still much greater than that of 1x3x1 case (1.50). Similarly, in 802.16e TDD single system case, simulations show that the uplink average modulation efficiency of 1x3x3 is 2.49 and the uplink average modulation efficiency of 1x3x1 is 1.22. Again, because there is much less intra-system interference, the 1x3x3 case is considerably more sensitive to the inter-system interference. A 10% loss in modulation efficiency in the 1x3x3 case results in its uplink average modulation efficiency becoming 2.24, which is still much larger than that of 1x3x1 case in the absence of adjacent channel interference (1.22).  Given that, the additional isolations for 1x3x3 case are provided for both efficiency losses of 5% and 10%.
Table 3.4.4.1.1-5
Additional isolation needed for coexistence of OFDMA-TDD-WMAN and standard CDMA‑DS in the first adjacent channel 
	Offset in meter
	Additional isolation needed in dB

	
	From 802.16e TDD base station to CDMA-DS base station
	From CDMA-DS base station to 802.16e TDD base station
	From 802.16e TDD base station to CDMA-DS mobile station
	From CDMA-DS mobile station to 802.16e TDD base station
	From 802.16e TDD mobile station to CDMA-DS base station
	From CDMA-DS base station to 802.16e TDD mobile station
	From 802.16e TDD mobile station to CDMA-DS mobile station
	From CDMA-DS mobile station to 802.16e TDD mobile station

	
	5% capacity loss rule
	6 dB noise rise rule
	5% loss criterion for 1x3x3
	10% loss criterion  for 1x3x3
	
	
	
	
	
	5% loss criterion for 1x3x3
	10% loss criterion for 1x3x3

	0
	44
	51
	59 (1x3x1)  64 (1x3x3)
	59 (1x3x1)  60 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10   (1x3x3)

	100
	27
	35
	42 (1x3x1)  46 (1x3x3)
	42 (1x3x1)  42 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10 (1x3x3)

	200
	21
	29
	36 (1x3x1)  41 (1x3x3)
	36 (1x3x1)  36 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10 (1x3x3)

	300
	18
	26
	34 (1x3x1)  39 (1x3x3)
	34 (1x3x1)  34 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10 (1x3x3)

	433
	16
	24
	31 (1x3x1)  36 (1x3x3)
	31 (1x3x1)  32 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10 (1x3x3)

	866
	15
	22
	30 (1x3x1)  35 (1x3x3)
	30 (1x3x1)  31 (1x3x3)
	0
	0
	0
	0
	3
	10 (1x3x1)   15 (1x3x3)
	10 (1x3x1)   10 (1x3x3)


The following paragraphs include observations and explanations of the results. These observations and explanations apply to the corresponding results in the remainder of the statistical analyses unless explicitly stated otherwise.
Some CDMA-DS system capacity loss values are higher than 5%, but they are not marked as problematic scenarios which need additional isolation for successful coexistence. Actually, no additional isolation is needed for those scenarios. Standard CDMA-DS coexistence with OFDMA-TDD-WMAN with an offset of 100 meters is chosen as an example. The CDMA-DS uplink capacity loss due to interference from OFDMA-TDD-WMAN uplink (including thermal noise and CDMA-DS uplink co-channel interference) is 17%, but the additional isolation from OFDMA-TDD-WMAN mobile station to CDMA-DS base station is 0 dB to ensure successful coexistence. CDMA-DS uplink power control is affected by both OFDMA-TDD-WMAN downlink and OFDMA-TDD-WMAN uplink. Since the interference from OFDMA-TDD-WMAN base station to CDMA-DS base station is severe, during the power control period CDMA-DS mobile stations have to increase their transmit power to try to get higher SINR at the base station. At the end of the power control period, the calculated CDMA-DS uplink interference due to OFDMA-TDD-WMAN uplink (including thermal noise and CDMA-DS uplink co-channel interference) is bad since the CDMA‑DS uplink co-channel interference is so great, consequently distant CDMA-DS mobile stations have insufficient power to achieve an acceptable SINR, despite the disappearance of interference from the OFDMA-TDD-WMAN downlink transmission. This causes the CDMA-DS uplink capacity loss due to interference from OFDMA-TDD-WMAN uplink to be measured as 17%.  Note that most of the interference actually comes from other CDMA-DS mobile stations, whose power has been elevated to overcome the interference from the OFDMA-TDD-WMAN downlink. As the interference from OFDMA-TDD-WMAN base station to CDMA-DS base station decreases by adding more additional isolation from OFDMA-TDD-WMAN base station to CDMA‑DS base station, the CDMA-DS mobile stations are able to operate with lower transmit powers, and so the CDMA-DS uplink capacity loss due to interference from OFDMA-TDD-WMAN uplink (including thermal noise and CDMA-DS uplink co-channel interference) drops to 5% without adding any additional isolation from OFDMA-TDD-WMAN mobile station to CDMA-DS base station.

Similar phenomena appear in the OFDMA-TDD-WMAN efficiency loss table. Some OFDMA-TDD-WMAN efficiency loss values are higher than 5%, but they are not marked as problematic scenarios and no additional isolation is needed. Standard CDMA-DS coexistence with OFDMA-TDD-WMAN 1x3x3 TDD with an offset of 100 meters is chosen as an example. The OFDMA-TDD-WMAN uplink efficiency loss due to CDMA-DS uplink is 11%, but the additional isolation from CDMA-DS mobile station to OFDMA-TDD-WMAN base station is 0 dB to ensure successful coexistence. CDMA-DS uplink power control is affected by both OFDMA-TDD-WMAN downlink and OFDMA-TDD-WMAN uplink. Since the interference from OFDMA-TDD-WMAN base station to CDMA-DS base station is severe, during the power control period CDMA-DS mobile stations have to increase their transmit power to try to get higher SINR at the base station. At the end of the power control period, the calculated OFDMA-TDD-WMAN uplink SINR due to CDMA‑DS uplink is bad since the CDMA-DS uplinks transmit at higher power. This causes the OFDMA-TDD-WMAN efficiency loss due to interference from CDMA-DS uplink to 11%. As the interference from OFDMA-TDD-WMAN base station to CDMA-DS base station decreases by adding more additional isolation from OFDMA-TDD-WMAN base station to CDMA-DS base station, the OFDMA-TDD-WMAN uplink efficiency loss due to interference from CDMA-DS uplink drops to 5% without adding any additional isolation from CDMA-DS mobile station to OFDMA-TDD-WMAN base station.
The outage rate of OFDMA-TDD-WMAN with frequency reuse of 1x3x3 is smaller than that of 802.16 TDD with frequency reuse of 1x3x1 both for single system and for multiple systems, but the modulation efficiency loss of OFDMA-TDD-WMAN with frequency reuse of 1x3x3 is higher than that of OFDMA-TDD-WMAN with frequency reuse of 1x3x1 since the case of 1x3x3 is more sensitive to the adjacent channel interference. Consequently, the additional isolation required from CDMA-DS to OFDMA-TDD-WMAN with frequency reuse of 1x3x3 is higher than that of 1x3x1.

3.4.4.1.2 Results based on dynamic simulation methodology
[Simulation results will be provided in the future.]
3.4.4.2 CDMA-DS coexistence with OFDMA-TDD-WMAN with one guard band (5 MHz)
3.4.4.2.1 Results based on static simulation methodology

In this section, the results of a static simulation of CDMA-DS coexisting with 5 MHz OFDMA-TDD-WMAN in the same geographic areas with guard band of 5 MHz are provided. 

The CDMA-DS system capacity loss due to interference from OFDMA-TDD-WMAN is shown in Table 3.4.4.2.1-1, and the CDMA-DS base station noise rise due to interference from OFDMA-TDD-WMAN downlink is shown in Table 3.4.4.2.1-2. The OFDMA-TDD-WMAN average modulation efficiency loss and outage rate due to interference from CDMA-DS is shown in Table 3.4.4.2.1-3, and Table 3.4.4.2.1-4, respectively. The additional isolation required to ensure successful coexistence is given in Table 3.4.4.2.1-5. The shaded areas in all result tables of the statistical analysis indicate that additional isolation is needed for co-existence for those conditions.
Table 3.4.4.2.1-1

Standard CDMA-DS system capacity loss with OFDMA-TDD-WMAN 
in the second adjacent channel (5 MHz guard band)

	
	Standard CDMA-DS system capacity loss in %

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	OFDMA-TDD-WMAN
	UL
	32
	1
	7
	1
	4
	1
	2
	1
	1
	1
	0
	1

	
	DL
	89
	0
	29
	0
	20
	0
	14
	0
	11
	0
	8
	0


Table 3.4.4.2.1-2
Standard CDMA-DS base station noise rise with OFDMA-TDD-WMAN in the second adjacent channel (5 MHz guard band)
	
	Standard CDMA-DS base station noise rise in dB

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	35.9
	22.0
	17.3
	14.9
	13.1
	11.8


Table 3.4.4.2.1-3
OFDMA-TDD-WMAN average modulation efficiency loss (including the users in outage) 
with standard CDMA-DS in the second adjacent channel (5 MHz guard band)

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL

	OFDMA-TDD-WMAN efficiency loss in %
	OFDMA-TDD-WMAN (1x3x1)
	UL
	1
	99
	1
	81
	1
	78
	1
	78
	1
	77
	1
	78

	
	
	DL
	22
	0
	13
	0
	11
	0
	10
	0
	9
	0
	8
	0

	
	OFDMA-TDD-WMAN (1x3x3)
	UL
	2
	99
	2
	89
	2
	87
	2
	87
	2
	86
	2
	88

	
	
	DL
	36
	1
	25
	1
	21
	1
	19
	1
	17
	1
	16
	1


Table 3.4.4.2.1-4
OFDMA-TDD-WMAN outage rate with standard CDMA-DS in the 
second adjacent channel (5 MHz guard band)

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m
	OFDMA-TDD-WMAN Single System

	
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	CDMA-DS
	

	
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	UL
	DL
	

	OFDMA-TDD-WMAN outage rate in %
	OFDMA-TDD-WMAN (1x3x1)
	UL
	11
	99
	11
	73
	11
	69
	11
	68
	11
	67
	11
	68
	10.8

	
	
	DL
	11
	1
	7
	1
	6
	1
	5
	1
	4
	1
	4
	1
	0.8

	
	OFDMA-TDD-WMAN (1x3x3)
	UL
	2
	99
	2
	72
	1
	67
	2
	66
	1
	65
	1
	66
	1.1

	
	
	DL
	9
	0
	5
	0
	4
	0
	4
	0
	3
	0
	3
	0
	0.1


Table 3.4.4.2.1-5
Additional isolation needed for coexistence of OFDMA-TDD-WMAN and standard CDMA-DS in the second adjacent channel (5 MHz guard band) 
	Offset in meter
	Additional isolation needed in dB

	
	From 802.16e TDD base station to CDMA-DS base station
	From CDMA-DS base station to 802.16e TDD base station
	From 802.16e TDD base station to CDMA-DS mobile station
	From CDMA-DS mobile station to 802.16e TDD base station
	From 802.16e TDD mobile station to CDMA-DS base station
	From CDMA-DS base station to 802.16e TDD mobile station
	From 802.16e TDD mobile station to CDMA-DS mobile station
	From CDMA-DS mobile station to 802.16e TDD mobile station

	
	5% capacity loss rule
	6 dB noise rise rule
	5% loss criterion for 1x3x3
	10% loss criterion for 1x3x3
	
	
	
	
	
	5% loss criterion for 1x3x3
	10% loss criterion for 1x3x3

	0
	32
	39
	54 (1x3x1)  59 (1x3x3)
	54 (1x3x1)  55 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)

	100
	15
	23
	37 (1x3x1)  41 (1x3x3)
	37 (1x3x1)  37 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)

	200
	9
	17
	31 (1x3x1)  36 (1x3x3)
	31 (1x3x1)  31 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)

	300
	6
	14
	29 (1x3x1)  34 (1x3x3)
	29 (1x3x1)  29 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)

	433
	4
	12
	26 (1x3x1)  31 (1x3x3)
	26 (1x3x1)  27 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)

	866
	3
	10
	25 (1x3x1)  30 (1x3x3)
	25 (1x3x1)  26 (1x3x3)
	0
	0
	0
	0
	0
	0 (1x3x1)   4 (1x3x3)
	0 (1x3x1)   0 (1x3x3)


i. Examining Table 3.4.4.1.2-5, it is apparent that additional isolation is required to protect each of the base station receivers from the other system’s base station transmitter. The isolation required is less than without a guard band. 

3.4.4.2.2
Results based on dynamic simulation methodology

[Simulation results will be provided in the future.]
3.4.5 
Conclusions

3.4.5.1 
Summary of static simulations of standard CDMA-DS coexistence with OFDMA-TDD-WMAN

The statistical analysis quantifies the impact of the first and the second adjacent channel interference between CDMA-DS and OFDMA-TDD-WMAN operating in 5 MHz channels on system capacity loss or modulation efficiency loss for different offset distances. Based on the 
Monte Carlo simulation results, the amounts of additional isolation between these two systems are provided to ensure successful coexistence. Since the 5 MHz guard band provides more frequency isolation, the results of the second adjacent channel is better than those of the first adjacent channel.

Due to the existence of LOS between base stations, the worst adjacent channel interference is experienced between the base stations of these two systems.
The study shows that for the worst case of two co-located base stations operating on the first adjacent channel, as high as 44 dB additional isolation is needed from OFDMA-TDD-WMAN base station to standard CDMA-DS base station using the 5% capacity loss rule (as much as 51 dB additional isolation is needed from OFDMA-TDD-WMAN base station to standard CDMA-DS base station using the 6 dB noise rise rule), and 64 dB additional isolation is needed from standard CDMA-DS base station to OFDMA-TDD-WMAN base station for case with frequency reuse of 1x3x3. (60 dB additional isolation is needed from standard CDMA-DS base station to 802.16e base station for case with frequency reuse of 1x3x3 using the 10% loss criterion.) As the offset of these two systems is increased from co-located to 866 meters, the additional isolation requirement becomes smaller. 
The adjacent channel interference between uplink and downlink of two different systems is negligible, and no additional isolation is needed between mobile station and base station of two different systems.
There is some interference from OFDMA-TDD-WMAN uplink to standard CDMA-DS downlink. Additional isolation of 3 dB is required from OFDMA-TDD-WMAN mobile station to CDMA-DS mobile station when operating on the first adjacent channel.

There is some interference from standard CDMA-DS uplink to OFDMA-TDD-WMAN downlink. Additional isolation of 10 or 15 dB is required from CDMA-DS mobile station to OFDMA-TDD-WMAN mobile station when operating on the first adjacent channel, for 1x3x1 or 1x3x3 case respectively. If the 10% modulation efficiency loss criterion is used in the 1x3x3 case the additional isolation required is 10 dB.
Each additional isolation requirement in the second adjacent channel case is better than the corresponding requirement in the first adjacent channel case. Significantly, no additional isolation is required between mobile stations and base stations, and no additional isolation is required between mobile stations of the two systems, except that in the 1x3x3 case, 4 dB isolation would be needed to meet the 5% modulation efficiency loss criterion in OFDMA-TDD-WMAN. No additional isolation is needed for the 1x3x3 case using the 10% modulation efficiency loss criterion. 
3.5
Mitigation techniques and their impact

3.5.1
Deterministic analysis of interference between base stations with mitigation techniques

In order to provide the additional isolation needed to enable coexistence, the interference analysis between base stations has been extended to incorporate mitigation techniques for the OFDMA‑TDD-WMAN and CDMA-DS technologies operating in 5 MHz channels. There are various techniques that can be used to mitigate ACI, which are described in an ITU report on mitigation techniques [2]. These techniques include adaptive antennas, handovers and power control, among others. However, this study identifies the following key mitigation techniques that can offer additional ACI protection, which are also described in Appendix VI of Annex 2.
1)
The inclusion of a channel filter, which could provide approximately 60 dB of additional rejection in the RF front-end. This could potentially improve the ACLR and ACS performance in the first and second adjacent channels of the OFDMA-TDD-WMAN and CDMA-DS base stations by 60 dB [17]. Note that such a filter requirement is extremely challenging in the 1st adjacent channel with today’s technologies. The channel filter proposed in Report ITU-R M.2045 [2] is also considered. It should also be noted that since the central band of the 2 500-2 690 MHz spectrum could also be used for CDMA-DS technology, it is an added incentive to ensure that the performance requirements of the CDMA-DS base station are improved, as a similar base station-to-base station interference problem will result when the a CDMA-DS downlink is adjacent to the CDMA-DS uplink. 

2)
By following engineering guidelines and careful antenna sitting, the antenna coupling loss could be increased to 39-54 dB when the antennas are mounted on the same mast. This could be further increased to 60-65 dB when the antennas are separated by a distance greater than three meters. Note that this benefit only applies when the base stations are co‑sited in a macrocellular deployment, as the coupling losses for the macrocell-to-microcell and macrocell-to-picocell cases are already 77 and 89 dB, respectively. 

By incorporating a channel filter in the OFDMA-TDD-WMAN and CDMA-DS base stations, a 60 dB improvement in the ACLR and ACS performance [16] is provided, as shown in Table 3-15. The resulting ACIR values derived from these ACLR and ACS values are shown in Table 3-16.

Table 3-15
ACLR and ACS values (in decibels) for the 5 MHz OFDMA-TDD-WMAN and CDMA-DS base stations assuming standard performance for the CDMA-DS base station
with additional channel filters in both base stations

	Base station type
	ACLR
	ACS

	
	First adjacent channel
	Second adjacent channel
	First adjacent channel
	Other adjacent channels

	CDMA-DS
	105
	110
	106
	118

	802.16 TDD
	113.5
	126
	130
	130


Table 3-16
ACIR values (in decibels) for the interference paths of interest assuming standard performance for the CDMA-DS base station with additional channel filters used by both 5 MHz OFDMA-TDD-WMAN and CDMA-DS base stations

	Interference path
	First adjacent channel
	Second adjacent channel

	OFDMA-TDD-WMAN base station  CDMA-DS base station
	105.3
	117.4

	CDMA-DS base station  OFDMA-TDD-WMAN base station
	105
	110


Using the ACIR values shown in Table 3-16, the resulting additional isolation needed for co‑existence is summarized in Table 3-17, which also assumes an antenna coupling loss of 65 dB for the co-sited macrocell deployment scenario (ie, the second mitigation technique in the list above is adopted). These results suggest that the two systems can co-exist provided that the base stations antennas are carefully located if co-sited (to obtain an antenna coupling loss of 65 dB) and that channel filters are employed in both base stations.

Table 3-17A
A summary of the additional isolation needed (in decibels) to protect CDMA-DS base station receivers from interference from 5 MHz OFDMA-TDD-WMAN base station transmissions (Interference path 5) for different base station separation distances. These results assume that additional channel filters are used by OFDMA-TDD-WMAN and CDMA-DS base stations. An antenna coupling loss of 65 dB is assumed for the co-sited macrocell deployment scenario 
	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	-25.3
	-6.0
	-15.6
	-20.0
	-26.0

	
	2nd adjacent channel
	-37.4
	-18.1
	-27.7
	-32.1
	-38.1

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	-37.3
	-46.5
	-64.6
	-73.1
	-84.5

	
	2nd adjacent channel
	-49.4
	-58.6
	-76.7
	-85.2
	-96.6

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	-49.3
	-63.4
	-81.6
	-90.0
	-101.4

	
	2nd adjacent channel
	-61.4
	-75.5
	-93.7
	-102.1
	-113.5


Table 3-17B
A summary of the additional isolation needed (in decibels) to protect 5 MHz OFDMA-TDD-WMAN base station receivers from interference from CDMA-DS base station transmissions (Interference path 1) for different base station separation distances. These results assume that additional channel filters are used by OFDMA-TDD-WMAN and CDMA-DS base stations. An antenna coupling loss of 65 dB is assumed for the co-sited macrocell deployment scenario


	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	-17.0
	2.3
	-7.3
	-11.7
	-17.7

	
	2nd adjacent channel
	-22.0
	-2.7
	-12.3
	-16.7
	-22.7

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	-34.0
	-43.2
	-61.3
	-69.8
	-81.2

	
	2nd adjacent channel
	-39.0
	-48.2
	-66.3
	-74.8
	-86.2

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	-60.0
	-74.1
	-92.3
	-100.7
	-112.1

	
	2nd adjacent channel
	-65.0
	-79.1
	-97.3
	-105.7
	-117.1


When using the more conservative values suggested in Report ITU-R M.2045 [2] for the performance of the channel filter, (and reproduced in Appendix VI of Annex 2), and taking the minimum values for ACS improvement (from the range of values specified in Table VI.3 of Appendix VI), the ACIR values shown in Table 3-18 are obtained when both systems incorporate channel filters. Note that with guard bands of 1 MHz and 2 MHz the conservative assumption is made that the ACLR and ACS in the absence of the channel filter is that of the first adjacent channel, in reality it should improve with increasing spacing. The ACIR values in Table 3-18 are used to compute the additional isolation required for different frequency offsets and the results are presented in Table 3-19.

Table 3-18
ACIR values (in decibels) for the interference paths of interest with additional channel filters used by both OFDMA-TDD-WMAN and CDMA-DS base stations that conform to the conservative performance specified in Report ITU-R M.2045 [ii] 

	Interference path
	First adjacent channel

5 MHz offset
	First adjacent channel

6 MHz offset
	First adjacent channel

7 MHz offset
	Second adjacent channel

 ≥10 MHz offset

	OFDMA-TDD-WMAN base station  CDMA-DS base station
	54.3
	80.3
	116.3
	125.4

	CDMA-DS base station  OFDMA-TDD-WMAN base station
	54
	80
	116
	118


TABLE 3-19A
A summary of the additional isolation needed (in decibels) to protect CDMA-DS base station receivers from interference from 5 MHz OFDMA-TDD-WMAN base station transmissions (Interference path 5) for different base station separation distances. These results assume that additional channel filters are used by OFDMA-TDD-WMAN and CDMA-DS base stations that conform to the conservative performance specified in Report ITU-R M.2045 [2]. An antenna coupling loss of 65 dB is assumed for the co-sited macrocell deployment scenario

	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	5 MHz
	26.0
	45.3
	35.7
	31.3
	25.3

	
	6 MHz
	0.0
	19.3
	9.7
	5.3
	-0.7

	
	7 MHz
	-36.0
	-16.7
	-26.3
	-30.7
	-36.7

	
	10 MHz
	-45.0
	-25.7
	-35.3
	-39.7
	-45.7

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	5 MHz
	14.0
	4.8
	-13.3
	-21.8
	-33.2

	
	6 MHz
	-12.0
	-21.2
	-39.3
	-47.8
	-59.2

	
	7 MHz
	-48.0
	-57.2
	-75.3
	-83.8
	-95.2

	
	10 MHz
	-57.0
	-66.2
	-84.3
	-92.8
	-104.2

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	5 MHz
	2.0
	-12.1
	-30.3
	-38.7
	-50.1

	
	6 MHz
	-24.0
	-38.1
	-56.3
	-64.7
	-76.1

	
	7 MHz
	-60.0
	-74.1
	-92.3
	-100.7
	-112.1

	
	10 MHz
	-69.0
	-83.1
	-101.3
	-109.7
	-121.1


TABLE 3-19B
A summary of the additional isolation needed (in decibels) to protect 5 MHz OFDMA-TDD-WMAN base station receivers from interference from CDMA-DS base station transmissions (Interference path 1) for different base station separation distances. These results assume that additional channel filters are used by OFDMA-TDD-WMAN and CDMA-DS base stations that conform to the conservative performance specified in Report ITU-R M.2045 [2]. An antenna coupling loss of 65 dB is assumed for the co-sited macrocell deployment scenario

	Deployment scenario
	Co-sited
	100 m
	300 m
	500 m
	1 km

	OFDMA-TDD-WMAN macro/ CDMA-DS macro
	5 MHz
	-17.0
	2.3
	-7.3
	-11.7
	-17.7

	
	6 MHz
	-22.0
	-2.7
	-12.3
	-16.7
	-22.7

	
	7 MHz
	-34.0
	-43.2
	-61.3
	-69.8
	-81.2

	
	10 MHz
	-39.0
	-48.2
	-66.3
	-74.8
	-86.2

	OFDMA-TDD-WMAN macro/ CDMA-DS micro
	5 MHz
	-60.0
	-74.1
	-92.3
	-100.7
	-112.1

	
	6 MHz
	-65.0
	-79.1
	-97.3
	-105.7
	-117.1

	
	7 MHz
	-17.0
	2.3
	-7.3
	-11.7
	-17.7

	
	10 MHz
	-22.0
	-2.7
	-12.3
	-16.7
	-22.7

	OFDMA-TDD-WMAN macro/ CDMA-DS pico
	5 MHz
	-34.0
	-43.2
	-61.3
	-69.8
	-81.2

	
	6 MHz
	-39.0
	-48.2
	-66.3
	-74.8
	-86.2

	
	7 MHz
	-60.0
	-74.1
	-92.3
	-100.7
	-112.1

	
	10 MHz
	-65.0
	-79.1
	-97.3
	-105.7
	-117.1


Incorporating the 60 dB channel filter at the OFDMA-TDD-WMAN and CDMA-DS base stations, the ACLR and ACS performance is improved sufficiently to ensure that the two base stations can co-exist successfully, as reported in Table 3-17. With the M.2045 conservative filter, coexistence is possible provided that the channel centre separation is increased to 7 MHz or more, ie, 2 MHz guard band. Furthermore, note that with a 5 MHz separation, ie, no guard band, coexistence is possible between CDMA-DS picocells and OFDMA-TDD-WMAN macrocells with 2 dB additional isolation required in the co-located case, and between CDMA-DS microcells and OFDMA‑TDD‑WMAN macrocells provided that the separation in distance between base stations is sufficient. A well designed filter should enable coexistence with smaller separations. 

3.5.3
Statistical studies using channel filters for CDMA-DS and OFDMA-TDD-WMAN
3.5.3.1 CDMA-DS coexistence with OFDMA-TDD-WMAN with no guard band
3.5.3.1.1 Results based on static simulation methodology

 The standard CDMA-DS UL system capacity loss due to interference from OFDMA-TDD-WMAN DL is shown in Table 3.5.3.1.1-1, and the standard CDMA-DS base station noise rise due to interference from OFDMA-TDD-WMAN DL is shown in Table 3.5.3.1.1-2. The OFDMA-TDD-WMAN UL average modulation efficiency loss and outage rate due to interference from standard CDMA-DS DL is shown in Table 3.5.3.1.1-3, and Table 3.5.3.1.1-4, respectively. The additional isolation required to ensure successful coexistence is given in Table 3.5.3.1.1-5.
The results show that the interference between base stations of these two systems is negligible and no additional isolation is needed between them for successful coexistence with no guard band.

Table 3.5.3.1.1-1
Standard CDMA-DS UL system capacity loss with OFDMA-TDD-WMAN 
in the first adjacent channel

	
	Standard CDMA-DS UL system capacity loss in %

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	0
	0
	0
	0
	0
	0


Table 3.5.3.1.1-2
Standard CDMA-DS base station noise rise with OFDMA-TDD-WMAN 
in the first adjacent channel

	
	Standard CDMA-DS base station noise rise in dB

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	6
	6
	6
	6
	6
	6


Table 3.5.3.1.1-3
OFDMA-TDD-WMAN UL average modulation efficiency loss (including the users in outage) with standard CDMA-DS in the first adjacent channel

	
	Standard CDMA-DS DL

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN UL efficiency loss in %
	Frequency reuse (1x3x1)
	1
	1
	0
	0
	0
	0

	
	Frequency reuse (1x3x3)
	1
	1
	0
	0
	0
	0


Table 3.5.3.1.1-4
OFDMA-TDD-WMAN UL outage rate with standard CDMA-DS in the first adjacent channel
	
	Standard CDMA-DS DL
	OFDMA-TDD-WMAN Single System

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m
	

	OFDMA-TDD-WMAN UL outage rate in %
	Frequency reuse (1x3x1)
	11
	11
	11
	11
	11
	11
	10.8

	
	Frequency reuse (1x3x3)
	1
	1
	1
	1
	1
	1
	1.1


Table 3.5.3.1.1-5
Additional isolation needed for coexistence of OFDMA-TDD-WMAN 
and standard CDMA-DS in the first adjacent channel

	Offset in meter
	Additional isolation needed in dB

	
	From OFDMA-TDD-WMAN base station to CDMA-DS base station
	From CDMA-DS base station to OFDMA-TDD-WMAN base station

	
	5% capacity loss rule
	6 dB noise rise rule
	5% loss criterion for 1x3x3
	10% loss criterion  for 1x3x3

	0
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	100
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	200
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	300
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	433
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	866
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)


3.5.3.1.2 
Results based on dyanamic simulation methodology

[Simulation results will be provided in the future.]

3.5.3.2 CDMA-DS coexistence with OFDMA-TDD-WMAN with one guard band (5 MHz)
3.5.3.2.1 Results based on static simulation methodology

The standard CDMA-DS UL system capacity loss due to interference from OFDMA-TDD-WMAN DL is shown in Table 3.5.3.2.1-1, and the standard CDMA-DS base station noise rise due to interference from OFDMA-TDD-WMAN DL is shown in Table 3.5.3.2.1-2. The OFDMA-TDD-WMAN UL average modulation efficiency loss and outage rate due to interference from standard CDMA-DS DL is shown in Table 3.5.3.2.1-3, and Table 3.5.3.2.1-4, respectively. The additional isolation required to ensure successful coexistence is given in Table 3.5.3.2.1-5.
The results show that the interference between base stations of these two systems is negligible and no additional isolation is needed between them for successful coexistence with one guard band.

Table 3.5.3.2.1-1

Standard CDMA-DS UL system capacity loss with OFDMA-TDD-WMAN 
in the second adjacent channel (5 MHz guard band)
	
	Standard CDMA-DS UL system capacity loss in %

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	0
	0
	0
	0
	0
	0


Table 3.5.3.2.1-2
Standard CDMA-DS base station noise rise with OFDMA-TDD-WMAN 
in the second adjacent channel (5 MHz guard band)
	
	Standard CDMA-DS base station noise rise in dB

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN DL
	6
	6
	6
	6
	6
	6


Table 3.5.3.2.1-3
OFDMA-TDD-WMAN UL average modulation efficiency loss (including the users in outage) with standard CDMA-DS in the second adjacent channel (5 MHz guard band)
	
	Standard CDMA-DS DL

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m

	OFDMA-TDD-WMAN UL efficiency loss in %
	Frequency reuse (1x3x1)
	0
	0
	0
	0
	0
	0

	
	Frequency reuse (1x3x3)
	0
	0
	0
	0
	0
	0


Table 3.5.3.2.1-4
OFDMA-TDD-WMAN UL outage rate with standard CDMA-DS 
in the second adjacent channel (5 MHz guard band)
	
	Standard CDMA-DS DL
	OFDMA-TDD-WMAN Single System

	
	Offset by 0 m
	Offset by 100 m
	Offset by 200 m
	Offset by 300 m
	Offset by 433 m
	Offset by 866 m
	

	OFDMA-TDD-WMAN UL outage rate in %
	Frequency reuse (1x3x1)
	11
	11
	11
	11
	11
	11
	10.8

	
	Frequency reuse (1x3x3)
	1
	1
	1
	1
	1
	1
	1.1


Table 3.5.3.2.1-5
Additional isolation needed for coexistence of OFDMA-TDD-WMAN and standard 
CDMA-DS in the second adjacent channel (5 MHz guard band)
	Offset in meter
	Additional isolation needed in dB

	
	From OFDMA-TDD-WMAN base station to CDMA-DS base station
	From CDMA-DS base station to OFDMA-TDD-WMAN base station

	
	5% capacity loss rule
	6 dB noise rise rule
	5% loss criterion for 1x3x3
	10% loss criterion  for 1x3x3

	0
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	100
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	200
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	300
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	433
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)

	866
	0
	0
	0 (1x3x1) 0 (1x3x3)
	0 (1x3x1) 0 (1x3x3)


3.5.3.2.2 Results based on dynamic simulation  methodology

[Simulation results will be provided in the future.]
3.6
Conclusions

[Editor’s Note: New conclusions based on those of the FNBWA report M.2113]

3.6.1
Scope and limitations
This Section addresses coexistence between the OFDMA TDD WMAN component of IMT-2000, also known as OFDMA-TDD-WMAN, which is based on the IEEE 802.16 series of standards, and the CDMA-DS component of IMT-2000 in the band 2 500-2 690 MHz.

The feasibility of certain scenarios is subject to a trade off between technical, regulatory and economical factors. In this Section different points of view have been reflected which correspond to different trade off choices. The above views are by no means excluding other points of views. The conclusions below reflect only the studies made in this Section.

First, results are presented for a basic coexistence analysis using approaches similar to those in Reports M.2030 [1] and M.2113  [18], and the results of this study are consistent with those reports. 

Second results are presented with improved performances and other mitigation techniques, in a similar manner to Report M.2113 [18]. 

3.6.2
Basic Results of Coexistence Study

These are the basic results in this report:
3.6.2.1
Base station to base station: General observations

· Several scenarios and parameter settings examined are associated with severe interference problems, especially those associated with macro-macro and macro-micro deployments.

· This holds for both co-located and in-proximity scenarios.

· For several scenarios large values of separation distances are needed to obtain sufficiently low interference conditions. 
3.6.2.2 
Interference between CDMA DS and OFDMA TDD WMAN base stations in proximity

The shaded cells in tables below show situations with negative excess interference level figures when coexistence is possible, and white cells show situations with positive figures when coexistence is not possible according to the assumptions made in this report. Note that the situation is very similar for 5 and 10 MHz OFDMA-TDD-WMAN systems; only 5 MHz results have been presented here.

TABLE 3.6‑23 
Excess interference when the base stations are not co-sited, where 
the CDMA DS base station is the interference victim
	
	Excess Interference (dB)

	Distance (m)
	Macrocell to Macrocell
	Macrocell to Microcell
	Macrocell to Picocell

	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	74.0
	61.9
	51.5
	39.4
	34.6
	22.5

	50.0
	60.0
	47.9
	24.9
	12.8
	8.0
	-4.1

	100.0
	54.0
	41.9
	13.5
	1.4
	-3.4
	-15.5

	300.0
	44.4
	32.3
	-4.6
	-16.7
	-21.6
	-33.7

	500.0
	40.0
	27.9
	-13.1
	-25.2
	-30.0
	-42.1

	1000.0
	34.0
	21.9
	-24.5
	-36.6
	-41.4
	-53.5


TABLE 3.6‑24
Excess interference when the macro cellular base stations are not co-sited, 
where the IEEE 802.16 base station is the interference victim 
	
	Excess interference (dB)

	Distance (m)
	Macrocell to Macrocell
	Microcell to Macrocell
	Picocell to Macrocell

	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	82.3
	77.3
	54.8
	54.8
	23.9
	18.9

	50.0
	68.3
	63.3
	28.2
	23.2
	-2.7
	-7.7

	100.0
	62.3
	57.3
	16.8
	11.8
	-14.1
	-19.1

	300.0
	52.7
	47.7
	-1.3
	-6.3
	-32.3
	-37.3

	500.0
	48.3
	43.3
	-9.8
	-14.8
	-40.7
	-45.7

	1000.0
	42.3
	37.3
	-21.2
	-26.2
	-52.1
	-57.1


For macro cellular base stations the following conclusions can be drawn:

· Interference problems may occur with distances up to 1 000 m considered in this study for adjacent channels with up to 10 MHz carrier separation

· The interference problem cannot be resolved simply by reducing the power without severely compromising the range. 
· Guard bands of larger sizes could be considered for future studies.

For macro versus micro cellular base stations the following conclusions can be made:

· Interference problems will occur for distances up to between 200 m and 300 m for systems in channels with up to 10 MHz carrier separation without line-of-sight.

· Guard bands of larger sizes could be considered for future studies.
For macro versus pico cellular base stations the following conclusions can be made:

· A distance of less than 50 m is sufficient between the macro and the pico base station without line-of-sight.

· In many deployment cases, at least such distances can be expected, and hence this case poses a less likely coexistence problem.

· However, picocell base stations in tall buildings might come close to outdoor macrocell base stations and care must be taken when deploying in such scenarios.

3.6.2.3 
Base station-base station co-location:
· Using a minimum coupling loss of 30 dB for macro base stations, for the first adjacent channel an excess interference of 69.7 and 78 dB is obtained, when CDMA-DS and 802.16 TDD are victims respectively. The corresponding numbers for the second adjacent channel are 57.6 and 73 dB. 

· Coverage and capacity will be severely affected when there is such excessive interference.

· Based on the existing specifications and assumptions, and using very high coupling loss, even a guard band of 5 MHz will not remove the problem.

· Increasing the vertical distance between the antennas will increase the coupling loss and reduce the interference. 

· Even in the macrocell/microcell case with a coupling loss of 77 dB corresponding to a vertical antenna distance of 24 m, the interference is more than 20 dB above the protection criterion.
3.6.2.4 
CDMA DS base station to OFDMA TDD WMAN  mobile station and CDMA DS mobile station to OFDMA TDD WMAN  base station interference results

Table 3.6-3 shows the excess interference caused by base stations and mobile stations in the 5 MHz case. 10 MHz results are similar.

TABLE 3.6‑3

A summary of the additional isolation needed (in decibels) when considering 
interference between base stations and mobile stations 

	Deployment scenario
	OFDMA-TDD-WMAN mobile station =>
CDMA-DS base station
	CDMA-DS base station => OFDMA-TDD-WMAN mobile station
	CDMA-DS mobile station =>
OFDMA-TDD-WMAN base station
	OFDMA-TDD-WMAN base station =>
CDMA-DS mobile station

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS macro
	1st adjacent channel
	20.5
	36.5
	22.3
	32.3

	
	2nd adjacent channel
	10.4
	25.8
	12.3
	22.3

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS micro
	1st adjacent channel
	40.4
	51.4
	As above

	
	2nd adjacent channel
	30.3
	40.7
	

	5 MHz OFDMA-TDD-WMAN macro/ CDMA-DS pico
	1st adjacent channel
	55.5
	52.5
	As above

	
	2nd adjacent channel
	45.4
	41.8
	


· Mobile station-base station and base station-mobile station interference between OFDMA TDD WMAN and CDMA-DS can be severe.

· Similar mobile station-base station and base station-mobile station interference exists between FDD systems operating in adjacent channels. 
· Mobile station-base station and base station-mobile station interference can be mitigated by co-location (with the consequence on base station-base station interference as concluded above).

· Monte Carlo simulations have been made using a distance between base stations within a system of 1 500 m, and various distances between base station in different systems.For the studied scenarios with uniformly-distributed outdoor-only users, Monte Carlo simulations suggest that mobile station-base station, base station-mobile station interference will have a small or negligible impact on the system capacity when averaged over the system.
3.6.2.5
CDMA DS mobile station – OFDMA TDD WMAN mobile station interference results

The following general observations can be made:
· The Monte Carlo simulations suggest that mobile station- mobile station interference will have a small or negligible impact on the system capacity when averaged over the system and using uniform outdoor-only user densities. 

· Deterministic mobile station-SS calculations suggest that a mobile station might create severe interference to another geographically and spectrally close mobile station, and vice versa in scenarios such as in an office building, a bus or a city hot spot. 

· Non-uniform user distributions are not studied in this report and need further investigation.
3.6.3
Methods for decreasing base station-base station interference 

In the above section, it has been established that sharing poses severe interference problems in many scenarios. In this section, some possible mitigation techniques, site engineering techniques or other measures are listed that could reduce the problem.

There are a number of actions that can be taken alone or in combination in order to combat the base station-base station interference problems. Note that many of the measures need to be taken at both operators’ networks in order to be meaningful. All actions are associated with some kind of cost or other difficulties that must be taken into account as well, as there is always a trade off to consider. 

· Higher performance filters at both transmitter and receiver side.

· Multi system co-planning in order to locate base stations far from all victim system base stations. This would require, in the case of multiple operators, cooperation between competitors.

–
The studies show that even then dense urban deployment are very difficult 

· Appropriate guard bands larger than 10 MHz must be considered for several scenarios to allow for flexibility of deployment in the absence of additional channel filters.

· Low power operation of interfering systems reduces the problem but also reduces coverage and flexibility of deployment.

· Appropriate values of guard bands, realistic filter requirements, etc., will depend on a number of factors and a definitive answer is not given in this Report, nevertheless some example conclusions may be drawn.

–
Base station to base station interference may be resolved in the collocated case using a channel filter with the characteristics described in M.2045 [2] in conjunction with increased isolation through site design and a guard band of 1-2 MHz depending on the co-location scenario. Note that this channel filter has an associated insertion loss of 2dB which will affect coverage and/or capacity.
 
–
Base station to base station interference in the non-collocated case may require similar additional filtering and coordination to ensure either that macrocell base stations are separated by at least 100 m, or main beam coupling does not occur, or obstacles to the radio path are present. 
–
The use of such filters may be required throughout the network. 
· Adaptive antenna solutions are not studied in this report and need further investigation.
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System C – <Other Mobile BWA Systems>

[Editor’s note: Proposals for other Mobile BWA systems are invited to be submitted for possible inclusion in this report.]

…
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Overall Conclusions

In this report, sharing between IMT-2000 and two specific examples of mobile BWA systems has been studied. The conclusions for IMT-2000 CDMA DS sharing with System A (HC-SDMA) in adjacent channels can be found in Section 2.10, and the conclusions for IMT-2000 CDMA DS sharing with System B (IMT-2000 OFDMA TDD WMAN) can be found in Section 3.6.
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Propagation Models

1
Base Station-to-Mobile Station Propagation Model

1.1
Deterministic Analysis

For the deterministic analysis, when computing the worst-case condition, ie, for a base station and mobile station in close proximity, line-of -sight (LOS) conditions are assumed when evaluating the minimum coupling loss (MCL) for this scenario. The MCL is the point at which the combination of the base station antenna gain and free-space path loss has a minimum. For a frequency of 2.6 GHz, the free space path loss, Lfree, is given by
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where d is the distance in meters between the transmitting and receiving antennas. 

Equation 1 will give the highest level of interference between a base station and a mobile station assuming that no reflected path is constructively added to the direct path. Equation 9 of ITU-R Recommendation P.452-12 [1] is a more complete version of the free-space path loss model that includes time variability and gaseous absorption terms. As stated in Section 2 of ITU-R Recommendation P.452-12, for short paths the median time percentage applies and at 2.6 GHz gaseous absorption is negligible. Therefore, at 2.6 GHz the free space path loss model described in ITU-R Recommendation P.452-12 is identical to Equation 1 for the deterministic scenarios considered in this report. 

Furthermore, for short base station to mobile station separation distances, the free space path loss calculated by Equation 1 lies within the lower and upper bounds defined by the LoS model described in ITU-R Recommendation P.1411-4 [2]. The free space path loss is 6 dB higher than the lower bound. This lower bound path loss is based on the assumption that the direct and ground reflected paths perfectly combine. This additive effect would not occur all the time, and it is unrealistic to assume perfect additive ground reflections would be obtained for an urban street environment containing street furniture, vehicles and pedestrians. 

1.2
Statistical Analysis
In the statistical simulation, the model entitled “Propagation over roof-tops for urban area” described in Section 4.2.1 of ITU-R Recommendation P.1411-4 [2] is used for modelling the path loss between a base station and a mobile station. This model is also known as the NLoS1 model. It is assumed that the street width is 20 m, the distance between two building rows is 100 m
, the street orientation with respect to the direction of the path is uniformly distributed between 0º and 90º, and the length of the path covered by buildings, l, is 75% of d. If the distance between a mobile station and a base station is less than 20 m, the LOS model is used. 
In the statistical simulation, lognormal shadow fading with a standard deviation of 10 dB is added to the path loss if the NLoS1 model is used. If the resulting path loss is less than the free space path loss, the free space loss value is used. In order to take into account the shadow fading correlation between links, it is assumed that the shadow fading correlation is 1 within a cell and it is 0.5 between two cells. In other words, the lognormal shadow fading for each link is composed of two components,
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where



a2 + b2 = 1, (
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is the cell index;
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is the fading component that is common to all links; and
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is the fading component that is common to the links in a cell and that is independent for different cells.

Note that
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are statistically independent and Gaussian random variables with zero mean and a standard deviation of 10 dB. 

2
Base Station-to-Base Station Propagation Models

2.1
Deterministic Analysis
For evaluating the path loss between a CDMA-DS macrocellular base station and a 802.16 TDD macrocellular base station that are not co-sited, the worst-case scenario is examined, in which a LOS path exists between the two base stations. This is considered to be the worst-case since it produces the highest level of ACI to each base station. The free space propagation model defined in Equation 1 is used. The same considerations outlined at the beginning of Section 1.1 apply, but the argument for using the free space propagation model is further strengthened in this case, because it is even less likely that the roof tops can be thought of as a smooth reflecting surface.

In the case of co-sited macrocellular base stations, a MCL value is applied to evaluate the base station to base station interference.

For the path loss evaluation in the deterministic analysis between the macrocellular 802.16 TDD base station and microcellular CDMA-DS base station when they are not co-sited, the NLoS1 path loss model given in ITU-R Recommendation P.1411 is used [2]. This model consists of three terms, as follows.
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Using the assumption that ∆hb > 0m, that the street orientation is 45º with respect to the direction of the propagation path, and that the settled field distance is not obtained, the model becomes 
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where w  is the street width (set to 25 m),
[image: image133.wmf]m

h

D

 is the difference between the average building height and the mobile station antenna height (which in this case is the microcellular BS height); and b is the distance between successive diffracting screens (buildings), assumed to be 100 m. These values are consistent with the values adopted for the statistical analysis. However, the choice of values for w and b is not critical because the path loss calculated by Equation 5 is relatively insensitive to the variation of these parameters.

The path loss is more sensitive to the street orientation parameter that is present in the NLoS1 path loss model that Equation 5 is derived from. An orientation halfway between the minimum and maximum orientations (0º and 90º) has been chosen, ie, 45º. An alternative would be to assume a rectilinear street grid, and choose an orientation corresponding to the median path loss, ie, an orientation of about 31º would produce the median path loss for this scenario that is just over 2 dB less than the path loss for an orientation of 45º. 
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 is the difference between the base station antenna height and the average building height, for which the value of 6 m is used. The average building height is set to 24m to be consistent with the rooftop height specified in Section 2.3.2 of Report ITU-R M.2030 [3] and R (specified in kilometers) is the horizontal distance between the base station and the mobile station; f is the operating frequency in megahertz, which is set to 2 600 MHz.

For a microcellular base station height of 6m
 (and with 
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 set to 18 m) the model simplifies to
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For the case in which the two base stations are co-sited but the antennas are located at different heights, a minimum coupling loss value is assumed. 

Similarly, the non-LOS model characterised by Equation 5 is used to calculate the path loss between a CDMA-DS picocellular base station (of height 1.5m and with 
[image: image137.wmf]m

h

D

 set to 22.5 m) and with a 802.16 TDD macrocellular base station that are not co-sited in the deterministic analysis, with the assumption of an additional 10 dB building penetration loss [4]. The resulting equation is
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For the co-sited case, a minimum coupling loss is evaluated in a similar fashion as above for the macrocellular to microcellular situation, but a value of 10 dB is added to account for the building penetration loss [4].

2.2
Statistical Analysis
For the statistical simulation described in Sections 2.5 and 2.6.3, the dual-slope LOS propagation model is adopted. This assumes free-space propagation until a breakpoint distance, dbreak. After the breakpoint, the attenuation is increased due to diffraction/reflection effects. Since the propagation between two base stations is LOS, no shadow fading is added.
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where, d is distance in meters.

The breakpoint is calculated as:
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where htx and hrx are the heights (over the reflecting surface) of the transmitter and the receiver. (both are set to 6m for evaluating macrocell base station to base station path loss); and  is the wavelength.

This model lies between the upper and lower bound models declared in ITU-R Report P.1411 [2], and represents path losses 6 dB greater than the lower bound therein. As stated in Section 2.1, the use of this model is justified by the fact that a series of adjacent rooftops cannot be viewed as a perfectly conducting surface needed to support the constructive addition of direct and reflected paths to produce path loss values at the lower bound.

3
Mobile Station-to-Mobile Station Propagation Models

3.1
Deterministic Analysis
In order to evaluate the interference between a mobile station and a mobile station, a free space path loss model, given by Equation A.1, is used for small separations. Justification for the use of this model and how it relates to ITU-R Recommendations P.1411-4 [2] and P.452-12 [1] is given in Section 1.1. In the case of larger separations, when both mobile stations are located outdoors the LOS model based on Equation 8 is used. 

3.2
Statistical Analysis
In the statistical analysis, a more complex model is required. In Section 3.1 of ITU-R Recommendation P.1411-4 [2], it is suggested that a street canyon model may be used in a microcellular or picocellular environment when the base station is below roof top height. In order to evaluate the path loss between two mobile stations, this model would apply. In Section 4.3 of ITU‑R P.1411-4 [2] a UHF model for calculating propagation loss within street canyons is described that is suitable for statistical modeling without detailed information about the 2D layout of the buildings and streets for a particular city. In this study, it is assumed that the parameter Lurban is 6.8 dB and the street width is 20 m. The description of the model is reproduced here for convenience.
Propagation between terminals located below rooftop height at UHF

The model described below is intended for calculating the basic transmission loss between two terminals of low height in urban environments. It includes both the line-of-sight (LOS) and non-line-of-sight (NLOS) regions, and models the rapid decrease in signal level noted at the corner between the LOS and NLOS regions. The model includes the statistics of location variability in the LOS and NLOS regions, and provides a statistical model for the corner distance between the LOS and NLOS regions. Figure 1 illustrates the LOS, NLOS and corner regions, and the statistical variability predicted by the model.
Figure 1
Curves of basic transmission loss not exceeded for 1, 10, 50, 90 and 99% 
of locations (frequency = 400 MHz, suburban)
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This model is recommended for propagation between low-height terminals where both terminal antenna heights are near street level well below rooftop height, but are otherwise unspecified. It is reciprocal with respect to transmitter and receiver and is valid for frequencies in the range 300‑3 000 MHz. The model is based on measurements made in the UHF band with antenna heights between 1.9 and 3.0m above ground, and transmitter-receiver distances up to 3 000 m. 

The parameters required are the frequency f (MHz) and the distance between the terminals d (m).

1)
Calculate the median value of the line-of-sight loss:
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2)
For the required location percentage, p (%), calculate the LOS location correction:
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Alternatively values of the LOS correction for p = 1, 10, 50, 90 and 99% are given in Table 6.

3)
Add the LOS location correction to the median value of LOS loss:
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4)
Calculate the median value of the non-line-of-sight loss:
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Lurban depends on the urban category and is 0 dB for suburban, 6.8 dB for urban and 2.3 dB for dense urban/high-rise.

5)
For the required location percentage, p (%), add the NLOS location correction:
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N(1(.) is the inverse normal cumulative distribution function. An approximation to this function, good for p between 1 and 99% is given by the location variability function Qi(x) of Recommendation ITU-R P.1546 [6]. Alternatively values of the NLOS location correction for p = 1, 10, 50, 90 and 99% are given in Table 6.

6)
Add the NLOS location correction to the median value of NLOS loss:
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7)
For the required location percentage, p (%), calculate the distance dLOS for which the LOS fraction FLOS equals p:
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Values of dLOS for p = 1, 10, 50, 90 and 99% are given in Table 6. This model has not been tested for p < 0.1%. The statistics were obtained from two cities in the UK and may be different in other countries. Alternatively, if the corner distance is known in a particular case, set dLOS(p) to this distance.

8)
The path loss at the distance d is then given as:

a)
If d < dLOS, then L(d, p) = LLOS(d, p)

b)
If d > dLOS + w, then L(d, p) = LNLOS(d, p)

c)
Otherwise linearly interpolate between the values LLOS(dLOS, p) and LNLOS(dLOS + w, p):
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The width w is introduced to provide a transition region between the LOS and NLOS regions. This transition region is seen in the data and typically has a width of w = 20 m.

TABLE 1
Table of LOS and NLOS location variability corrections

	p (%)
	LLOS (dB)
	LNLOS (dB)
	dLOS (m)

	1
	–11.3
	–16.3
	976

	10
	–7.9
	–9.0
	276

	50
	0.0
	0.0
	44

	90
	10.6
	9.0
	16

	99
	20.3
	16.3
	10
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Annex 2 to Attachment 5.5

Additional materials supporting HC-SDMA vs. IMT-2000 study

Appendix I 

Statistical Adaptive array methodology

As described above, demonstrating the effect of implementing an adaptive antenna system at the BS requires statistical analysis, as discussed in [3] and [4]. This analysis would take into consideration variations in the relative locations of the BSs and their separation distances, and the time-varying direction and adaptive antenna gain in the adjacent channel toward the victim BS. Such an analysis would yield a more accurate determination of the percentage of time that the victim BS is in outage due to interference from the adjacent band system. These values would then allow for determining the additional isolation required to achieve the acceptable level of degradation as described in Report ITU-R M.2030 and ETSI 25.942 [1]. 

A simplified model of an adaptive antennas’ beam pattern is shown in Fig. 4.
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FIGURE 4

Simplified model for the E-plane and H-plane

of the adaptive antenna array's beam


The maximum gain of an adaptive antenna array’s beam, Gmax, is generally related to the array parameters as follows:
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In the above formula, M is the number of array elements, Gelement is the gain of a single array element. In the case of adjacent channel interference, due to loss of coherency in out‑of-band beam-to-beam coupling, the additional array gain over Gelement could be assumed to be 5 log10(M) in main beam coupling throughout the analyses. The random direction of the adaptive antenna array’s beam and general side and back lobe suppression, the upper side lobes are somewhat larger than other lobes unless highly complicated beam-forming techniques and large arrays are used. If the interferer and the victim share only the horizontal plane (but not the vertical plane), side lobes of the individual array elements affect the interference power. In this case, the gain of the array is assumed to be equal to the gain of the individual element through its side lobes. If the victim and interferer share only the vertical plane (but not the horizontal plane), the gain of the array is given by equation (AI-2).
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If the interferer and the victim share neither planes, the gain is given by equation (AI-3).
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Appendix II

Deterministic analysis without adaptive antennas

Given the adjacent channel interference ratio (ACIR), it is possible to calculate the required separation distance from the following of a TDD BS interfering with an FDD BS without the benefit of adaptive antennas.

The average output power of the TDD BS, including the activity factor of TDD (assumed as 0.5) is the following:
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AII-1
The overall resulting gain, assuming both BS antennas are aligned through their maximum gain beams with no downtilt (worst case) is:
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AII-2
Given the ACLR and ACS values in Table 1:
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AII-3 
The required path loss, assuming tolerable adjacent channel interference of –114 dBm is found as follows:
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AII-4
Using the propagation model given by equation (AII-4), the required separation distance to achieve 138 dB of path loss is calculated to be 9 541 m, which is quite prohibitive.

Given distance, equation (AII-4) can also be rearranged to obtain the required ACIR.

Appendix III 

Multi-operator microcell deployment

Microcell deployment is a Manhattan deployment scenario.

Micro cell base stations are placed to Manhattan grid, so that base stations are placed to street crossings as proposed. Base stations are placed every second junction, see FIGURE III-1Error! Reference source not found.
FIGURE III- 1
[image: image158.wmf]
This is not a very intelligent network planning, but then sufficient amount of inter cell interference is generated with reasonable low number of micro cell base stations.

The parameters of the micro cells are the following:

–
block size = 75 m;

–
road width = 15 m;

–
intersite distance between line of sight = 180 m.

The number of micro cells in the micro-cellular scenario is 72.

The microcell layout is as it was proposed earlier (72 BSs in every second street junction, block size 75 metres, road width 15 metres); macro cell radius is 577 metres (distance between BSs is 1 000 metres). Cellular layout for HCS simulations is as shown in FIGURE III-1Error! Reference source not found.. This layout is selected in order to have large enough macro cells and low amount number of microcells so that computation times remain reasonable.

Appendix IV

Simulation parameters IMT-2000 table 

	Parameter
	UL value
	DL value

	SIMULATION TYPE
	snapshot
	snapshot

	
	
	

	PROPAGATION PARAMETERS
	
	

	MCL macro (including antenna gain)
	70 dB
	70 dB

	MCL micro (including antenna gain)
	53 dB
	53 dB

	Antenna gain (including losses)
	11 dBi
	0 dBi

	
	0 dBi
	11 dBi

	Log Normal fade margin
	10 dB
	10 dB

	PC MODELLING
	
	

	# of snapshots
	> 10 000 for speech

> 10 * #of snapshot for speech for 144 kbps service
	> 10 000 for speech

> (10 * #_of_snapshot_for_speech in the 144 kbps case > 20 000 for data

	#PC steps per snapshot
	> 150
	> 150

	step size PC
	perfect PC
	perfect PC

	PC error 
	0%
	0%

	margin in respect with target C/I
	0 dB
	0 dB

	Initial TX power
	path loss and noise, 6 dB noise rise
	random initial

	Outage condition
	Eb/N0 target not reached due to lack of TX power
	Eb/N0 target not reached due to lack of TX power

	Satisfied user 
	
	measured Eb/N0 higher than Eb/N0 target –0.5 dB

	HANDOVER MODELING
	
	

	Handover threshold for candidate set
	3 dB
	

	active set
	2
	

	Choice of cells in the active step 
	random
	

	Combining
	selection
	Maximum ratio combining

	NOISE PARAMETERS
	
	

	noise figure
	5 dB
	9 dB

	Receiving bandwidth
	4.096 MHz proposed
	4.096 MHz proposed

	noise power 
	–103 dBm proposed
	–99 dBm proposed

	TX POWER 
	
	

	Maximum BTS power 
	
	43 dBm macro

33 dBm micro

	Common channel power 
	
	30 dBm macro

20 dBm micro

	Maximum TX power speech
	21 dBm
	30 dBm macro

20 dBm micro

	Maximum TX power data
	21 dBm
	30 dBm macro

20 dBm micro

	Power control range
	65 dB
	25 dB

	
	
	

	HANDLING of DOWNLINK maximum TX power
	
	

	ADMISSION CONTROL
	Not included
	Not included

	
	
	

	USER DISTRIBUTION
	
	Random and uniform across the network

	
	
	

	INTERFERENCE REDUCTION
	
	

	MUD
	Off
	N/A

	non orthogonality factor macrocell
	N/A
	0.4

	non orthogonality microcell
	N/A
	0.06

	
	
	

	COMMON CHANNEL ORTHOGONALITY
	
	Orthogonal

	DEPLOYMENT SCENARIO
	
	

	Macrocell 
	
	Hexagonal with BTS in the middle of the cell

	microcell 
	
	Manhattan (from 30.03)

	BTS type
	
	Omni-directional

	Cell radius macro
	
	577 macro

	Inter-site single operator
	
	1 000 macro

	Cell radius micro
	
	block size = 75 m, road 15 m

	Inter-site single micro
	
	intersite between line of sight = 180 m

	Intersite shifting macro
	
	577 and 577/2 m

	# of macro cells 
	
	> 19 with wrap around technique)

	Intersite shifting macro-micro
	
	see scenario

	Number of cells per each operator
	
	see scenario

	Wrap around technique
	
	Should be used

	SIMULATED SERVICES
	
	

	bit-rate speech
	8 kbps
	8 kbps

	Activity factor speech 
	100%
	100%

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/N0 target
	6.1 dB
	7.9 dB

	Multipath environment macro
	Outdoor micro
	Outdoor micro

	Eb/N0 target
	3.3 dB
	6.1 dB

	Data rate
	144 kbps
	144 kbps

	Activity factor speech 
	100%
	100%

	Multipath environment macro
	Vehicular macro
	Vehicular macro

	Eb/N0 target
	3.1 dB
	2.5 dB with DL TX or RX diversity, 4.5 dB without diversity

	Multipath environment macro
	Outdoor micro
	Outdoor micro

	Eb/N0 target
	2.4 dB
	1.9 dB with DL TX or RX


Appendix V

Macro to micro scenarios

For macro to macro and micro to micro scenarios, the heights of the antennas are equal and hence the practical antenna gain is equal to the sum of the maximum transmit and receive gains, respectively. However, the situation is much more complicated when macro to micro scenarios are considered. The next section gives an example that demonstrates how to account for the heights differences in these scenarios.

Example calculations of practical antenna gains between macro and the micro BS

For the scenarios of micro to macro, the heights of the antennas differ significantly; the practical antenna gain of both systems should be calculated with the sum of the transmit and receive antenna gains along the direction from the macro BS to the micro BS, as shown in Figure 1 below.

Figure III-2

Macro-to-micro cell geometry

[image: image159]
Assumptions:

Reference separation distance:
D  50 m

Micro BS Tx antenna gain:
GA,Tx  6 dBi

Macro BS Rx antenna gain:
GA,Rx  15 dBi

Average antenna height of macro cell:
30 m

Average antenna height of micro cell:
6 m

Down inclination angle of macro BS antenna:
4.
Down inclination angle of micro Tx antenna:
2.5
The vertical beamwidth of macro BS antenna: 
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The vertical beamwidth of micro BS antenna 
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From the above analysis, angle a is larger than vertical beamwidth (macro, so the attenuation of the direction is 10 dB less than its maximum gain. Then the contributing gain of macro BS is less than 5 dB (15 – 10  5). The inclination angle b is larger than the vertical beamwidth (micro/2, so the attenuation of the direction should be 3 dB less than its maximum gain. Then the practical gain of the micro BS is less than 3 dB (6 – 3  3). The practical gain of the transmitting and receiving antennas can be estimated as:
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In the case macro to micro scenarios, angle a as measured from the horizontal plane is equal to the angle c plus the down inclination angle of the macro. Similarly, the angle b is equal to the angle c plus the down inclination angle of the micro.

In the case of increasing distance between the transmitting and receiving antennas, the down inclination angle should be decreased, so the practical gain of transmitting and receiving antenna will increased too. Unfortunate, the path loss of interfering and the victim station increases more rapidly than any increase in practical gain; thus, the total isolation from interfering and the victim station will increase as the distance between transmitting and receiving antennas increases. 

Antenna beamwidth

The two-dimensional 3 dB power beamwidth,(, of antenna can be estimated as follows:
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where G is the maximum gain of antenna. For engineering calculation, the 10 dB power beamwidth of antenna can be roughly estimated as 2(.

For sectoral antennas, the following equations are used
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where:


G() :
gain relative to an isotropic antenna (dBi)


G0 :
maximum gain in or near the horizontal plane (dBi)


 :
absolute value of the elevation angle relative to the angle of maximum gain (degrees)


3 :
3 dB beamwidth in the vertical plane (degrees)


K :
parameter which accounts for increased side-lobe levels above what would be expected for an antenna with improved side-lobe performance (typical: K = 0.7 between 1 and 3 GHz).
FIGURE iii-3

Azimuth Beampattern for IMT-2000 Sector Antenna
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Annex 3 to Attachment 5.5

Additional materials supporting OFDMA-TDD-WMAN vs. CDMA-DS study

Appendix II

Interference analysis between base stations

This appendix provides the interference analysis between an OFDMA-TDD-WMAN base station and a CDMA-DS base station. The ACLR and ACS values used for the CDMA-DS base station are identical to those used in a similar ITU report [1,2]. Similarly, the ACLR and ACS values for the OFDMA-TDD-WMAN base station are obtained from a set of RF parameters specified in Report ITU‑R M.2116 [3].

II.1
Interference analysis between base stations in a CDMA-DS macrocellular and OFDMA-TDD-WMAN macrocellular deployment

For co-sited base stations, a coupling loss value of 30 dB is assumed between co-sited antennas, which was also a value measured by Allgon [4] for horizontally separated antennas. Using the ACIR values listed in Table 3-3 and the maximum interference limits shown in Table 3-4, the additional isolation needed for the two base stations to co-exist is calculated. The additional isolation needed when the interference is generated from an OFDMA-TDD-WMAN base station to a CDMA-DS base station is shown in Table II.1. Similarly, the additional isolation needed when the interference is generated from a CDMA-DS base station to an OFDMA-TDD-WMAN base station is shown in Table II.2.

Table II.1
Analysis for co-sited macrocellular base stations, where the CDMA-DS
base station is the interference victim

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	36
	36

	Minimum coupling loss (dB)
	30.0
	30.0

	ACIR (dB)
	45.3
	57.4

	Interference power at receiver input (dBm)
	–39.3
	–51.4

	Allowed interference power (dBm)
	–109.0
	–109.0

	Additional isolation needed (dB)
	69.7
	57.6


From this analysis, in order for the base stations to be co-sited, an additional 73 dB of isolation is needed for the second adjacent channel (a guard band of 5 MHz). Therefore, with equipment that just conforms to the standards, it is not feasible to co-site an 802.16 base station and a CDMA-DS base station unless additional isolation is attained between the base stations.
Table II.2
Analysis for co-sited macrocellular base stations, where the OFDMA-TDD-WMAN 
base station is the interference victim

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	43
	43

	Minimum coupling loss (dB)
	30.0
	30.0

	ACIR (dB)
	45
	50

	Interference power at receiver input (dBm)
	–32.0
	–37.0

	Allowed interference power (dBm)
	–110.0
	–110.0

	Additional isolation needed (dB)
	78.0
	73.0


When the base stations are not co-sited but separated by some distance, the path loss between the two base stations can be evaluated using the propagation models that were defined in Annex 1. For example, with a base station-to-base station separation of 1,000 m, the path loss between two isotropic antennas is 100.7 dB, assuming free space path loss and an operating frequency of 2.6 GHz. This represents a worst case scenario, in which a LOS path exists between the two base stations. By incorporating the effect of the transmitting and receiving antennas to produce an effective antenna gain of 35 dBi, the coupling loss between the two antennas decreases to 65.7 dB. By taking into account the ACIR and a transmit power of 36 dBm, the interference powers resulting from ACI at the CDMA-DS base station receiver are −75.0 dBm and −87.1 dBm for offsets of 5 MHz and 10 MHz, respectively. Consequently, based on an allowed interference level of −109 dBm for the CDMA-DS receiver (refer to Table 3-4), the additional isolations needed at frequency separations of 5 MHz and 10 MHz are 34.0 dB and 21.9 dB, respectively. The corresponding values for the additional isolation needed for different base station-to-base station separation distances are listed in Table II.3, where the CDMA-DS base station is the interference victim. Similarly, Table II.4 shows the additional isolation needed when the OFDMA-TDD-WMAN base station is the interference victim.

Table II.3

Analysis when the macrocellular base stations are not co-sited,
where the CDMA-DS base station is the interference victim

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain
(dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10
MHz
	5 MHz
	10 MHz
	5 MHz
	10
MHz

	10.0
	36
	60.7
	35
	45.3
	57.4
	-35.0
	-47.1
	74.0
	61.9

	50.0
	36
	74.7
	35
	45.3
	57.4
	-49.0
	-61.1
	60.0
	47.9

	100.0
	36
	80.7
	35
	45.3
	57.4
	-55.0
	-67.1
	54.0
	41.9

	200.0
	36
	86.8
	35
	45.3
	57.4
	-61.1
	-73.2
	47.9
	35.8

	300.0
	36
	90.3
	35
	45.3
	57.4
	-64.6
	-76.7
	44.4
	32.3

	433.0
	36
	93.5
	35
	45.3
	57.4
	-67.8
	-79.9
	41.2
	29.1

	500.0
	36
	94.7
	35
	45.3
	57.4
	-69.0
	-81.1
	40.0
	27.9

	866.0
	36
	99.5
	35
	45.3
	57.4
	-73.8
	-85.9
	35.2
	23.1

	1 000.0
	36
	100.7
	35
	45.3
	57.4
	-75.0
	-87.1
	34.0
	21.9


Table II.4
Analysis when the macrocellular base stations are not co-sited, 
where the OFDMA-TDD-WMAN base station is the interference victim
	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain
(dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	43
	60.7
	35
	45
	50
	–27.7
	–32.7
	82.3
	77.3

	50.0
	43
	74.7
	35
	45
	50
	–41.7
	–46.7
	68.3
	63.3

	100.0
	43
	80.7
	35
	45
	50
	–47.7
	–52.7
	62.3
	57.3

	200.0
	43
	86.8
	35
	45
	50
	-53.8
	-58.8
	56.2
	51.2

	300.0
	43
	90.3
	35
	45
	50
	-57.3
	-62.3
	52.7
	47.7

	433.0
	43
	93.5
	35
	45
	50
	-60.5
	-65.5
	49.5
	44.5

	500.0
	43
	94.7
	35
	45
	50
	–61.7
	–66.7
	48.3
	43.3

	866
	43
	99.5
	35
	45
	50
	-66.5
	-71.5
	43.5
	38.5

	1 000.0
	43
	100.7
	35
	45
	50
	–67.7
	–72.7
	42.3
	37.3


The conclusion of this analysis is that, with equipment that just conforms to the standards, it is unlikely to be possible to use a macrocellular OFDMA-TDD-WMAN base station in the same area as a macrocellular CDMA-DS base station if a LOS path exists between the two antennas and each site is in the main beam of the other site’s antenna (ie, a worst case scenario). If the base stations are separated by 1 km and they operate on radio channels that are separated by 10 MHz (ie, the second adjacent channel), then the adjacent channel interference could be tolerated by the CDMA-DS base station if the isolation between the two base stations could be increased by 21.9 dB. Furthermore, the additional isolation needed increases to 37.3 dB if the interference victim is the OFDMA-TDD-WMAN base station. 

II.2
Interference analysis between base stations in a CDMA-DS microcellular and OFDMA-TDD-WMAN macrocellular deployment

Now consider the interference between an OFDMA-TDD-WMAN macrocell and a CDMA-DS microcell when the two base stations are co-sited. The OFDMA-TDD-WMAN base station antenna is assumed to be mounted at a height of 30 m and the CDMA-DS base station antenna is assumed to be mounted above the ground at a height of 6 m, giving an antenna separation of 24 m. The coupling loss for this arrangement was measured by Allgon [4], suggesting that a vertical separation of 6 m between two co-sited antennas would provide a coupling loss of approximately 65-70 dB. The additional loss due to increasing the separation from 6 m to 24 m would be 12 dB assuming free space propagation. Hence, a value of 77 dB is used to represent the coupling loss provided by a vertical separation distance of 24 m.

The results in Table II.5 and Table II.6 indicate that in order for an OFDMA-TDD-WMAN macrocell and CDMA-DS microcell base station to be co-sited, additional isolation levels of 26 dB and 21 dB are needed for frequency separations of 5 MHz and 10 MHz, respectively.

Table II.5
Analysis of the ACI from an OFDMA-TDD-WMAN macrocellular base station
to a co-sited CDMA-DS microcellular base station

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	36
	36

	Coupling loss (dB)
	77.0
	77.0

	ACIR (dB)
	45.3
	57.4

	Interference power at receiver input (dBm)
	–86.3
	–98.4

	Allowed interference power (dBm)
	–109.0
	–109.0

	Additional isolation needed (dB)
	22.7
	10.6


Table II.6
Analysis of the ACI from a CDMA-DS microcellular base station
to a co-sited OFDMA-TDD-WMAN macrocellular base station

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	38
	38

	Coupling loss (dB)
	77.0
	77.0

	ACIR (dB)
	45
	50

	Interference power at receiver input (dBm)
	–84.0
	–89.0

	Allowed interference power (dBm)
	–110.0
	–110.0

	Additional isolation needed (dB)
	26.0
	21.0


For base stations that are not co-sited, the path loss between the base stations can be evaluated using the vehicular propagation model described in Appendix 1 Equation 6, which is derived from ITU‑R P.1411-4 [5]. Aligning the two base station antennas to give the worst case minimum coupling loss provides an effective antenna gain of 23 dBi (18 + 5). The results of the calculation for different base station-to-base station separations are listed in Table II.7 and Table II.8. Negative isolation values in these tables imply that the interference level is acceptable at the receiver and that no additional isolation is needed. The results of the analysis indicate that it is possible to operate at base station-to-base station separation distances of 300 m and greater without requiring additional base station-to-base station isolation. 

Table II.7
Analysis of the ACI from an OFDMA-TDD-WMAN macrocellular base stationto a CDMA-DS microcellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	36
	71.2
	23
	45.3
	57.4
	-57.5
	-69.6
	51.5
	39.4

	50.0
	36
	97.8
	23
	45.3
	57.4
	-84.1
	-96.2
	24.9
	12.8

	100.0
	36
	109.2
	23
	45.3
	57.4
	-95.5
	-107.6
	13.5
	1.4

	200.0
	36
	120.6
	23
	45.3
	57.4
	-106.9
	-119.0
	2.1
	-10.0

	300.0
	36
	127.3
	23
	45.3
	57.4
	-113.6
	-125.7
	-4.6
	-16.7

	433.0
	36
	133.4
	23
	45.3
	57.4
	-119.7
	-131.8
	-10.7
	-22.8

	500.0
	36
	135.8
	23
	45.3
	57.4
	-122.1
	-134.2
	-13.1
	-25.2

	866.0
	36
	144.8
	23
	45.3
	57.4
	-131.1
	-143.2
	-22.1
	-34.2

	1000.0
	36
	147.2
	23
	45.3
	57.4
	-133.5
	-145.6
	-24.5
	-36.6


Table II.8
Analysis of the ACI from a CDMA-DS microcellular base station to an OFDMA-TDD-WMAN macrocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	38
	71.2
	23
	45
	50
	-55.2
	-60.2
	54.8
	49.8

	50.0
	38
	97.8
	23
	45
	50
	-81.8
	-86.8
	28.2
	23.2

	100.0
	38
	109.2
	23
	45
	50
	-93.2
	-98.2
	16.8
	11.8

	200.0
	38
	120.6
	23
	45
	50
	-104.6
	-109.6
	5.4
	0.4

	300.0
	38
	127.3
	23
	45
	50
	-111.3
	-116.3
	-1.3
	-6.3

	433.0
	38
	133.4
	23
	45
	50
	-117.4
	-122.4
	-7.4
	-12.4

	500.0
	38
	135.8
	23
	45
	50
	-119.8
	-124.8
	-9.8
	-14.8

	866.0
	38
	144.8
	23
	45
	50
	-128.8
	-133.8
	-18.8
	-23.8

	1000.0
	38
	147.2
	23
	45
	50
	-131.2
	-136.2
	-21.2
	-26.2


II.3
Interference analysis between base stations in a CDMA-DS picocellular and OFDMA-TDD-WMAN macrocellular deployment

Consider the deployment scenario of co-sited CDMA-DS picocellular and OFDMA-TDD-WMAN macrocellular base stations. As the macrocellular and picocellular antennas are 30 m and 1.5 m above the ground, respectively, the loss in excess of 65 dB (following the methodology adopted in the previous section) would be 14 dB assuming free space propagation. Consequently, a coupling loss of 79 dB outdoors is expected. In order to take into account the indoor location of the picocellular antenna, a building penetration loss of 10 dB is added to this value yielding a minimum coupling loss of 89 dB. The results of this analysis are listed in Table II.9 and Table II.10, which indicate the additional isolation needed for the two base stations to operate in a co-sited manner.

Table II.9
Analysis of the ACI from an OFDMA-TDD-WMAN macrocellular base station
to a co-sited CDMA-DS picocellular base station

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	36
	36

	Coupling loss (dB)
	89
	89.0

	ACIR (dB)
	45.3
	57.4

	Interference power at receiver input (dBm)
	–98.3
	–110.4

	Allowed interference power (dBm)
	–109.0
	–109.0

	Additional isolation needed (dB)
	10.7
	–1.4


Table II.10
Analysis of the ACI from a CDMA-DS picocellular base station
to a co-sited OFDMA-TDD-WMAN macrocellular base station

	
	First adjacent channel at 5 MHz
	Second adjacent channel at 10 MHz

	Transmit power (dBm)
	24
	24

	Coupling loss (dB)
	89.0
	89.0

	ACIR (dB)
	45
	50

	Interference power at receiver input (dBm)
	–110.0
	–115.0

	Allowed interference power (dBm)
	–110.0
	–110.0

	Additional isolation needed (dB)
	0.0
	–5.0


For the case in which the base stations are not co-sited, the path loss is calculated based on the vehicular model with additional building penetration loss described in Appendix 1 Equation 7, which is derived from ITU-R P.1411-4 [5]. The effective antenna gain used was 18 dBi, which is the summation of the maximum gains of the two antennas. The results of the analysis for the various 
separation distances are given in Table II.11 and Table II.12. Based on the results, it is possible to operate an OFDMA-TDD-WMAN macrocell and a CDMA-DS picocell with separation distances of at least 100 m without requiring additional base station-to-base station isolation. 

Table  II.11
Analysis of the ACI from an OFDMA-TDD-WMAN macrocellular base station to a CDMA-DS picocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	36
	83.1
	18
	45.3
	57.4
	-74.4
	-86.5
	34.6
	22.5

	50.0
	36
	109.7
	18
	45.3
	57.4
	-101.0
	-113.1
	8.0
	-4.1

	100.0
	36
	121.1
	18
	45.3
	57.4
	-112.4
	-124.5
	-3.4
	-15.5

	200.0
	36
	132.6
	18
	45.3
	57.4
	-123.9
	-136.0
	-14.9
	-27.0

	300.0
	36
	139.3
	18
	45.3
	57.4
	-130.6
	-142.7
	-21.6
	-33.7

	433.0
	36
	145.3
	18
	45.3
	57.4
	-136.6
	-148.7
	-27.6
	-39.7

	500.0
	36
	147.7
	18
	45.3
	57.4
	-139.0
	-151.1
	-30.0
	-42.1

	866.0
	36
	156.8
	18
	45.3
	57.4
	-148.1
	-160.2
	-39.1
	-51.2

	1 000.0
	36
	159.1
	18
	45.3
	57.4
	-150.4
	-162.5
	-41.4
	-53.5


Table  II.12
Analysis of the ACI from a CDMA-DS picocellular base station to an OFDMA-TDD-WMAN macrocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	10.0
	24
	83.1
	18
	45
	50
	-86.1
	-91.1
	23.9
	18.9

	50.0
	24
	109.7
	18
	45
	50
	-112.7
	-117.7
	-2.7
	-7.7

	100.0
	24
	121.1
	18
	45
	50
	-124.1
	-129.1
	-14.1
	-19.1

	200.0
	24
	132.6
	18
	45
	50
	-135.6
	-140.6
	-25.6
	-30.6

	300.0
	24
	139.3
	18
	45
	50
	-142.3
	-147.3
	-32.3
	-37.3

	433.0
	24
	145.3
	18
	45
	50
	-148.3
	-153.3
	-38.3
	-43.3

	500.0
	24
	147.7
	18
	45
	50
	-150.7
	-155.7
	-40.7
	-45.7

	866.0
	24
	156.8
	18
	45
	50
	-159.8
	-164.8
	-49.8
	-54.8

	1 000.0
	24
	159.1
	18
	45
	50
	-162.1
	-167.1
	-52.1
	-57.1


II.4
Interference analysis between base stations in a CDMA-DS macrocellular and 10 MHz OFDMA-TDD-WMAN macrocellular deployment 

An analysis similar to that described in Section II.1 was followed for the 10 MHz case. For co-sited base stations, a coupling loss value of 30 dB is assumed between co-sited antennas. The additional isolation needed for different base station-to-base station separation distances are listed in Table II.13, where the CDMA-DS base station is the interference victim. Similarly, Table II.14 shows the additional isolation needed when the OFDMA-TDD-WMAN base station is the interference victim.

Table II.13

Additional isolation between the 10 MHz OFDMA-TDD-WMAN base station and the CDMA-DS base station, where the CDMA-DS base station is the interference victim

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain
(dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Co-sited
	36
	30
	0
	45.3
	57.4
	–39.3
	–51.4
	69.7
	57.6

	50.0
	36
	74.7
	35
	45.3
	57.4
	–49.0
	–61.1
	60.0
	47.9

	100.0
	36
	80.7
	35
	45.3
	57.4
	–55.0
	–67.1
	54.0
	42.3

	200.0
	36
	86.8
	35
	45.3
	57.4
	-61.1
	-73.2
	47.9
	35.8

	300.0
	36
	90.3
	35
	45.3
	57.4
	-64.6
	-76.7
	44.4
	32.3

	433.0
	36
	93.5
	35
	45.3
	57.4
	-67.8
	-79.9
	41.2
	29.1

	500.0
	36
	94.7
	35
	45.3
	57.4
	–69.0
	–81.1
	40.0
	27.9

	866.0
	36
	99.5
	35
	45.3
	57.4
	-73.8
	-85.9
	35.2
	23.1

	1 000.0
	36
	100.7
	35
	45.3
	57.4
	–75.0
	–87.1
	34.0
	21.9


Table II.14
Additional isolation between the 10 MHz OFDMA-TDD-WMAN base station and the CDMA-DS base station, where the OFDMA-TDD-WMAN base station is the interference victim
	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain
(dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Co-sited
	43
	30
	0
	43
	46
	–30
	–33
	77
	74

	50.0
	43
	74.7
	35
	43
	46
	–39.7
	–42.7
	67.3
	64.3

	100.0
	43
	80.7
	35
	43
	46
	–45.7
	–48.7
	61.3
	58.3

	200.0
	43
	86.8
	35
	43
	46
	-51.8
	-54.8
	55.2
	52.2

	300.0
	43
	90.3
	35
	43
	46
	-55.3
	-58.3
	51.7
	48.7

	433.0
	43
	93.5
	35
	43
	46
	-58.5
	-61.5
	48.5
	45.5

	500.0
	43
	94.7
	35
	43
	46
	–59.7
	–62.7
	47.3
	44.3

	866.0
	43
	99.5
	35
	43
	46
	-64.5
	-67.5
	42.5
	39.5

	1 000.0
	43
	100.7
	35
	43
	46
	–65.7
	–68.7
	41.3
	38.3


The conclusion of this analysis is similar to the conclusion for the 5 MHz system in that, with equipment that just conforms to the standards, it is unlikely to be possible to use a macrocellular 10 MHz OFDMA-TDD-WMAN base station in the same area as a macrocellular CDMA-DS base station if a LOS path exists between the two antennas and each site is in the main beam of the other site’s antenna (ie, a worst case scenario). 

II.5
Interference analysis between base stations in a CDMA-DS microcellular and 10 MHz OFDMA-TDD-WMAN macrocellular deployment 

Now consider the interference between an OFDMA-TDD-WMAN macrocell and a CDMA-DS microcell when the two base stations are co-sited. The OFDMA-TDD-WMAN base station antenna is assumed to be mounted at a height of 30 m and the CDMA-DS base station antenna is assumed to be mounted above the ground at a height of 6 m, giving an antenna separation of 24 m. The coupling loss for this arrangement was measured by Allgon [4], suggesting that a vertical separation of 6 m between two co-sited antennas would provide a coupling loss of approximately 65-70 dB. The additional loss due to increasing the separation from 6 m to 24 m would be 12 dB assuming free space propagation. Hence, a value of 77 dB is used to represent the coupling loss provided by a vertical separation distance of 24 m. For base stations that are not co-sited, the path loss between the base stations can be evaluated using the propagation model given by Equation 6 in Appendix 1, which is derived from ITU-R P.1411-4 [5]. Aligning the two base station antennas to give the worst case minimum coupling loss provides an effective antenna gain of 23 dBi (18 + 5). The results of the calculation for different base station-to-base station separations are listed in Table II.15 and Table II.16. Negative isolation values in these tables imply that the interference level is acceptable at the receiver and that no additional isolation is needed. The results of the analysis indicate that it is typically possible to operate at base station-to-base station separation distances of at least 300 m provided there is no line-of-sight without requiring additional base station-to-base station isolation. 

Table II.15
Analysis of the ACI from an 10 MHz OFDMA-TDD-WMAN macrocellular base station to a CDMA-DS microcellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Cosited
	36
	77
	0
	45.3
	57.4
	–86.3
	–98.4
	22.7
	10.6

	50.0
	36
	97.8
	23
	45.3
	57.4
	-84.1
	-96.2
	24.9
	12.8

	100.0
	36
	109.2
	23
	45.3
	57.4
	-95.5
	-107.6
	13.5
	1.4

	200.0
	36
	120.6
	23
	45.3
	57.4
	-106.9
	-119.0
	2.1
	-10.0

	300.0
	36
	127.3
	23
	45.3
	57.4
	-113.6
	-125.7
	-4.6
	-16.7

	433.0
	36
	133.4
	23
	45.3
	57.4
	-119.7
	-131.8
	-10.7
	-22.8

	500.0
	36
	135.8
	23
	45.3
	57.4
	-122.1
	-134.2
	-13.1
	-25.2

	866.0
	36
	144.8
	23
	45.3
	57.4
	-131.1
	-143.2
	-22.1
	-34.2

	1000.0
	36
	147.2
	23
	45.3
	57.4
	-133.5
	-145.6
	-24.5
	-36.6


Table II.16
Analysis of the ACI from a CDMA-DS microcellular base station to an 10 MHz OFDMA-TDD-WMAN macrocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Cosited
	38
	77
	0
	43
	46
	–82
	–85
	25
	22

	50.0
	38
	97.8
	23
	43
	46
	-79.8
	-82.8
	27.2
	24.2

	100.0
	38
	109.2
	23
	43
	46
	-91.2
	-94.2
	15.8
	12.8

	200.0
	38
	120.6
	23
	43
	46
	-102.6
	-105.6
	4.4
	1.4

	300.0
	38
	127.3
	23
	43
	46
	-109.3
	-112.3
	-2.3
	-5.3

	433.0
	38
	133.4
	23
	43
	46
	-115.4
	-118.4
	-8.4
	-11.4

	500.0
	38
	135.8
	23
	43
	46
	-117.8
	-120.8
	-10.8
	-13.8

	866.0
	38
	144.8
	23
	43
	46
	-126.8
	-129.8
	-19.8
	-22.8

	1000.0
	38
	147.2
	23
	43
	46
	-129.2
	-132.2
	-22.2
	-25.2


II.6
Interference analysis between base stations in a CDMA-DS picocellular and a 10 MHz OFDMA-TDD-WMAN macrocellular deployment 

Consider the deployment scenario of co-sited CDMA-DS picocellular and OFDMA-TDD-WMAN macrocellular base stations. As the macrocellular and picocellular antennas are 30 m and 1.5 m above the ground, respectively, the loss in excess of 65 dB (following the methodology adopted in the previous section) would be 14 dB assuming free space propagation. Consequently, a coupling loss of 79 dB outdoors is expected. In order to take into account the indoor location of the picocellular antenna, a building penetration loss of 10 dB is added to this value yielding a minimum coupling loss of 89 dB. For the case in which the base stations are not co-sited, the path loss is calculated using the model described by Equation 7 in Appendix 1, which is derived from ITU-R P.1411-4  [5]. The effective antenna gain used was 18 dBi, which is the summation of the maximum gains of the two antennas. The results of the analysis for the various separation distances are given in Table II.11 and Table II.12. Based on the results, it is possible to operate an OFDMA-TDD-WMAN macrocell and a CDMA-DS picocell with separation distances of 500 m and 1,000 m without requiring additional base station-to-base station isolation. 

Table II.17
Analysis of the ACI from an OFDMA-TDD-WMAN macrocellular base station to a CDMA-DS picocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Cosited
	36
	89
	0
	45.3
	57.4
	–98.3
	–110.4
	10.7
	–1.4

	50.0
	36
	109.7
	18
	45.3
	57.4
	-101.0
	-113.1
	8.0
	-4.1

	100.0
	36
	121.1
	18
	45.3
	57.4
	-112.4
	-124.5
	-3.4
	-15.5

	200.0
	36
	132.6
	18
	45.3
	57.4
	-123.9
	-136.0
	-14.9
	-27.0

	300.0
	36
	139.3
	18
	45.3
	57.4
	-130.6
	-142.7
	-21.6
	-33.7

	433.0
	36
	145.3
	18
	45.3
	57.4
	-136.6
	-148.7
	-27.6
	-39.7

	500.0
	36
	147.7
	18
	45.3
	57.4
	-139.0
	-151.1
	-30.0
	-42.1

	866.0
	36
	156.8
	18
	45.3
	57.4
	-148.1
	-160.2
	-39.1
	-51.2

	1 000.0
	36
	159.1
	18
	45.3
	57.4
	-150.4
	-162.5
	-41.4
	-53.5


Table II.18
Analysis of the ACI from a CDMA-DS picocellular base station to an OFDMA-TDD-WMAN macrocellular base station for different separation distances

	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	5 MHz
	10 MHz
	5 MHz
	10 MHz
	5 MHz
	10 MHz

	Cosited
	24
	89
	0
	43
	46
	–108.0
	–111.0
	–1.0
	–4.0

	50.0
	24
	109.7
	18
	43
	46
	-110.7
	-113.7
	-3.7
	-6.7

	100.0
	24
	121.1
	18
	43
	46
	-122.1
	-125.1
	-15.1
	-18.1

	200.0
	24
	132.6
	18
	43
	46
	-133.6
	-136.6
	-26.6
	-29.6

	300.0
	24
	139.3
	18
	43
	46
	-140.3
	-143.3
	-33.3
	-36.3

	433.0
	24
	145.3
	18
	43
	46
	-146.3
	-149.3
	-39.3
	-42.3

	500.0
	24
	147.7
	18
	43
	46
	-148.7
	-151.7
	-41.7
	-44.7

	866.0
	24
	156.8
	18
	43
	46
	-157.8
	-160.8
	-50.8
	-53.8

	1 000.0
	24
	159.1
	18
	43
	46
	-160.1
	-163.1
	-53.1
	-56.1
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Appendix III

Interference analysis between base stations and mobile stations

In this appendix the interference between base stations and mobile stations operating within macrocellular, microcellular and picocellular systems is examined. A recent CDMA-DS and CDMA-DS TDD co-existence study by the ITU [1] using a Monte Carlo simulation concluded that base station-to-mobile station interference had minimal impact on the capacity of the network. The results of the study reflected an “average” network performance, which may not highlight certain scenarios in which the performance degradation due to ACI is severe. Hence, in the base station-to-mobile station analysis, a selection of scenarios that may have a severe impact on the ACI performance are studied. Note that these are worst-case isolated scenarios, which are not representative of average network behaviour.

In FDD and TDD systems the mobile stations use power control to compensate for path loss variations. Therefore, when CDMA-DS (FDD) and OFDMA-TDD-WMAN base stations are co-sited, the power levels received from mobile stations on adjacent channels are similar to those received on the desired channel, so the adjacent channel rejection is essentially sufficient. Furthermore, for adjacent FDD systems, co-siting is the optimum solution to mitigate against ACI, ie, base station-mobile station and mobile station-base station interference. Subsequently, this base station-mobile station analysis includes only scenarios involving base stations that are not co-sited.

When base stations are not co-sited, an analytical approach becomes more difficult due to the variation of the power transmitted and received at the base station and mobile station, which is dependent on the relative positions of the base station and mobile station. This type of scenario is best analyzed using computer simulations. However, in the subsequent sections of this appendix, a simple analytical model is presented to highlight specific scenarios that may have an impact on the performance of two co-existing systems.

It should be noted that the interference suffered by CDMA-DS base station receivers from adjacent channel mobile station transmissions, as well as the interference suffered by CDMA-DS mobile station receivers from adjacent channel OFDMA-TDD-WMAN base station transmissions (at either end of the TDD band) is essentially the same interference that arises when uncoordinated CDMA-DS systems use adjacent FDD carriers, and ‘dead zones’ in the base station coverage are created. 

III.1
Interference analysis between base stations and mobile stations in a CDMA-DS macrocellular and OFDMA-TDD-WMAN macrocellular deployment

The worst case interference from an OFDMA-TDD-WMAN mobile station to a CDMA-DS macrocell BS would occur when the mobile station operates at its cell boundary and is located very close to the CDMA-DS base station. In this situation the CDMA-DS base station experiences worst-case uplink interference from the OFDMA-TDD-WMAN mobile station, which is transmitting at maximum power because it is at the cell edge of its serving base station.
In order to analyze this scenario, the minimum coupling loss between the base station antenna and the mobile station antenna has to be evaluated. This investigation used the characteristics of the Andrew DB980G65N-R antenna, which is a 2,550 MHz antenna with a gain of 17.6 dBi, a horizontal 3 dB beamwidth of 65° and a vertical 3 dB beamwidth of 7.5°.  A macrocellular antenna height of 30 m and a mobile station height of 1.5 m are assumed. By taking the vertical gain characteristics of the antenna, the coupling loss can be calculated for all vertical angles and the corresponding horizontal distance between the mobile station and base station. This provides us with a set of coupling loss values, the minimum value being the assumed minimum coupling loss. From this investigation, the minimum coupling loss is 75.7 dB for a mobile station antenna with a gain of 0 dBi. The resulting calculation of the additional isolation needed for the different base station-to-mobile station interference scenarios is shown in Table III.1. Note that the additional isolation is calculated based on the maximum interference limits shown in Table 3-4. The results indicate that for these worst-case scenarios, mobile stations and base stations can cause significant interference to each other and consequently require additional isolation.

Table III.1
Analysis of the ACI between OFDMA-TDD-WMAN macrocellular and
CDMA-DS macrocellular base stations and mobile stations

	Interference scenario
	Frequency offset (MHz)
	Transmit power (dBm)
	Coupling loss
(dB)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	OFDMA-TDD-WMAN mobile station ( CDMA-DS base station
	5
	20
	75.7
	32.8
	-88.5
	20.5

	
	10
	20
	75.7
	42.9
	-98.6
	10.4

	CDMA-DS base station ( 
OFDMA-TDD-WMAN mobile station
	5
	43
	75.7
	38.8
	-71.5
	36.5

	
	10
	43
	75.7
	49.5
	-82.2
	25.8

	CDMA-DS mobile station ( OFDMA-TDD-WMAN base station
	5
	21
	75.7
	33
	–87.7
	22.3

	
	10
	21
	75.7
	43
	–97.7
	12.3

	OFDMA-TDD-WMAN base station ( 
CDMA-DS mobile station
	5
	36
	75.7
	33
	–72.7
	32.3

	
	10
	36
	75.7
	43
	–82.7
	22.3


III.2
Interference analysis between base stations and mobile stations in a CDMA-DS microcellular and 5 MHz OFDMA-TDD-WMAN macrocellular deployment

The worst case interference between an OFDMA-TDD-WMAN mobile station and a microcellular CDMA-DS base station would occur when the mobile station is at its cell edge and located close to the CDMA-DS base station site. This is similar to the worst case interference considered in the last section between an OFDMA-TDD-WMAN mobile station and a macrocellular CDMA-DS base station. The mobile station would transmit at maximum power and therefore cause significant uplink interference to the CDMA-DS base station. The minimum coupling loss between the OFDMA-TDD-WMAN mobile station and microcellular CDMA-DS base station can be calculated using the methodology described in the previous section. Assuming the microcellular antenna pattern shown in Figure III.1, and the OFDMA-TDD-WMAN mobile station antenna gain of 0 dBi, the minimum coupling loss value is 55.8 dB. The resulting interference analysis is shown in Table III.2, which indicates that significant interference can exist in this scenario, hence requiring additional isolation to ensure co-existence between systems.

Figure III.1
Horizontal and vertical antenna patterns for the microcellular antenna
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Table III.2
Analysis of the ACI between OFDMA-TDD-WMAN mobile stations and
CDMA-DS microcellular base stations

	Interference 
scenario

	Frequency offset
(MHz)
	Transmit power (dBm)
	Coupling loss
(dB)
	ACIR (dB)

	ACI at the receiver (dBm)
	Additional isolation (dB)

	OFDMA-TDD-WMAN mobile station ( CDMA-DS base station
	5
	20
	55.8
	32.8
	-68.6
	40.4

	
	10
	20
	55.8
	42.9
	-78.7
	30.3

	CDMA-DS base station ( OFDMA-TDD-WMAN mobile station
	5
	38
	55.8
	38.8
	-56.6
	51.4

	
	10
	38
	55.8
	49.5
	-67.3
	40.7


The worst case interference scenario between a CDMA-DS mobile station (served by a CDMA-DS microcell) and an OFDMA-TDD-WMAN base station is basically the same as that described in Section III.1, ie, a CDMA-DS mobile station located at its cell edge and also located close to an OFDMA-TDD-WMAN base station. Therefore, the results shown in the lower four rows of Table III.1 also apply here. Although this is a simple analysis, it provides an indication of the problems that can occur. It is important to realise that only the worst case interference scenarios possible have been considered. Although further investigation is required to understand the full impact of more complex deployment scenarios, the results suggest that interference problems could exist if a CDMA-DS microcellular network and an OFDMA-TDD-WMAN macrocellular network using an adjacent channel are deployed in the same geographical area.

III.3
Interference analysis between base stations and mobile stations in a CDMA-DS picocellular and OFDMA-TDD-WMAN macrocellular deployment

This deployment scenario is similar to that discussed in the previous two sections in that the worst-case scenario occurs when the interfering mobile station is close to the victim base station. This can occur if the picocellular CDMA-DS base station is located at the boundary of the OFDMA-TDD-WMAN macrocell and the OFDMA-TDD-WMAN mobile station is transmitting at maximum power near the CDMA-DS base station because it is at the edge of its cell. Similarly, if the OFDMA-TDD-WMAN macrocell base station is located near the boundary of the CDMA-DS picocell, a CDMA-DS mobile station can be transmitting at maximum power when it is close to the OFDMA-TDD-WMAN macrocellular base station.

When analyzing the first of two interference conditions outlined above, a minimum separation of 1 m should be used since the heights of the picocellular CDMA-DS base station and the OFDMA-TDD-WMAN mobile station are the same. At this range, with 0 dBi antennas, the path loss (using the free space propagation model) is 40.7 dB. The results of the interference analysis are shown in Table III.4, which again indicates potential ACI problems.

Table III.4
Analysis of the ACI between OFDMA-TDD-WMAN mobile stations and
CDMA-DS picocellular base stations

	Interference scenario

	Frequency offset (MHz)
	Transmit power (dBm)
	Coupling loss
(dB)
	ACIR (dB)

	ACI at the receiver (dBm)
	Additional isolation (dB)

	OFDMA-TDD-WMAN mobile station ( 
CDMA-DS base station
	5
	20
	40.7
	32.8
	-53.5
	55.5

	
	10
	20
	40.7
	42.9
	-63.6
	45.4

	CDMA-DS base station ( OFDMA-TDD-WMAN mobile station
	5
	24
	40.7
	38.8
	-55.5
	52.5

	
	10
	24
	40.7
	49.5
	-66.2
	41.8


Considering the latter of the two interference conditions that were introduced at the beginning of this section, the worst case interference scenario between a CDMA-DS mobile station (located at the cell edge of its serving picocell base station) and an OFDMA-TDD-WMAN base station is the same as that described in Section III.1 and Section III.2. In other words, the interference between a CDMA-DS mobile station and a macrocellular BS needs to be considered. Therefore, the results shown in the lower four rows of Table III.1 also apply here.

III.4
Interference analysis between base stations and mobile stations in a CDMA-DS and a 10 MHz OFDMA-TDD-WMAN deployment
The results of interference analysis between a 10 MHz OFDMA-TDD-WMAN mobile station and CDMA-DS base station are presented in Table III-5. The interference from a base station to a mobile station is more severe than the interference from the mobile station to the base station and the interference between the base station and the mobile station becomes more severe in the pico-cell deployment scenario for the CDMA-DS base station compared with the microcell and macrocell deployment scenarios. 

TABLE III-5
Analysis of the ACI between the 10 MHz OFDMA-TDD-WMAN MS
and CDMA-DS BS
	Interference Scenario
	Transmit Power (dBm)
	Coupling Loss
(dB)
	ACIR (dB)
	ACI at the Receiver (dBm)
	Additional Isolation (dB)

	
	
	
	1st 
adjacent channel

	2nd 
adjacent channel

	1st 
adjacent channel

	2nd 
adjacent channel

	1st 
adjacent channel

	2nd
 adjacent channel


	10MHz OFDMA-TDD-WMAN mobile station ( CDMA-DS macrocell base station
	20
	75.7
	33.2
	43.3
	-88.9
	-99.0
	20.1
	10.0

	CDMA-DS macrocell base station ( 10MHz OFDMA-TDD-WMAN mobile station
	43
	75.7
	38.2
	45.8
	-70.9
	-78.5
	34.1
	26.5

	10MHz OFDMA-TDD-WMAN mobile station ( CDMA-DS microcell base station
	20
	55.8
	33.2
	43.3
	-69.0
	-79.1
	40.0
	29.9

	CDMA-DS microcell base station ( 10MHz OFDMA-TDD-WMAN mobile station
	38
	55.8
	38.2
	45.8
	-56.0
	-63.6
	49.0
	41.4

	10MHz OFDMA-TDD-WMAN mobile station ( CDMA-DS picocell base station
	20
	40.7
	33.2
	43.3
	-53.9
	-64.0
	55.1
	45.0

	CDMA-DS pico-cell base station ( 10MHz OFDMA-TDD-WMAN mobile station
	24
	40.7
	38.2
	45.8
	-54.9
	-62.5
	50.1
	42.5


Table III-6 shows that the interference between a 10 MHz OFDMA-TDD-WMAN base station and a CDMA-DS mobile station is of a similar level to the case of interference between a 10 MHz OFDMA-TDD-WMAN mobile station and a CDMA-DS macrocell base station. Note that the interference that 10 MHz OFDMA-TDD-WMAN causes to CDMA-DS systems is less than the interference that CDMA-DS systems cause to 10 MHz OFDMA-TDD-WMAN systems.

TABLE III-6
Analysis of the ACI between the 10 MHz OFDMA-TDD-WMAN BS
and CDMA-DS MS

	Interference Scenario
	Transmit Power (dBm)
	Coupling Loss
(dB)
	ACIR (dB)
	ACI at the Receiver (dBm)
	Additional Isolation (dB)

	
	
	
	1st adjacent channel
	2nd adjacent channel
	1st adjacent channel
	2nd adjacent channel
	1st adjacent channel
	2nd adjacent channel

	CDMA-DS mobile station ( 10MHz OFDMA-TDD-WMAN base station
	21
	75.7
	31
	45
	-85.7
	-99.7
	21.3
	7.3

	10MHz OFDMA-TDD-WMAN base station ( CDMA-DS mobile station
	36
	75.7
	35.9
	46
	-75.6
	-85.7
	29.4
	19.3
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Appendix IV

Interference analysis between mobile stations

Having analyzed the ACI between two base stations and between a mobile station and a base station (and vice versa), the final interference mechanism to consider is the interference between two mobile stations. Note that the CDMA-DS mobile station can tolerate a maximum ACI of 
−105 dBm, while the 5 MHz and 10 MHz OFDMA-TDD-WMAN mobile stations can tolerate a maximum ACI of −108 dBm and −105 dBm, respectively, before the system performance becomes seriously affected (refer to Table 3-7).

The worst-case scenario occurs when an OFDMA-TDD-WMAN mobile station is located close to a CDMA-DS mobile station, and both are transmitting at the maximum transmitted power of 20 dBm and 21 dBm, respectively. For example, in order to achieve a separation distance of 1 m and assuming that a LOS path exists between the two mobile stations, the additional isolation needed is shown in Table IV.1.

From this simple analysis, it indicates that if mobile stations are in close proximity, significant ACI is generated that could cause a degradation in the performance of the victim mobile station. Whether the performance of the mobile station is affected significantly depends on the signal strength provided by the serving cell.

Table IV.1 
Analysis of interference from a CDMA DS (FDD) mobile station
to an OFDMA-TDD-WMAN mobile station and vice versa
	Interference Case
	Distance (m)
	Transmit power (dBm)
	Path loss (dB)
	Effective antenna gain (dBi)
	ACIR (dB)
	ACI at the receiver (dBm)
	Additional isolation (dB)

	
	
	
	
	
	1st
adjacent channel
	2nd
adjacent channel
	1st
adjacent channel
	2nd
adjacent channel
	1st
adjacent channel
	2nd
adjacent channel

	CDMA-DS  ( 5 MHz OFDMA-TDD-WMAN
	1.0
	21
	40.7
	0
	32.2
	42.9
	–51.9
	–62.6
	56.1
	45.4

	5 MHz OFDMA-TDD-WMAN  ( CDMA-DS
	1.0
	20
	40.7
	0
	30.0
	40.0
	–50.7
	–60.7
	54.3
	44.3

	CDMA-DS  ( 10 MHz OFDMA-TDD-WMAN
	1.0
	21
	40.7
	0
	30.5
	44.8
	−50.2
	−64.5
	54.8
	40.5

	10 MHz OFDMA-TDD-WMAN  ( CDMA-DS
	1.0
	20
	40.7
	0
	30.2
	40.2
	-50.9
	-60.9
	54.1
	44.1


Appendix VI

Mitigation techniques

In this appendix background information is provided about the techniques that can be used to mitigate against ACI between CDMA-DS systems and OFDMA-TDD-WMAN systems, including the derivations for the improvements in ACLR and ACS that were used in the main body of this report. 

A brief discussion of the improvements that can be gained by employing various mitigation techniques as described in the ITU report on mitigation techniques follows [1]. However, only key mitigation techniques such as the employment of additional filtering at the base station and careful site design are considered in this study. 

VI.1
Additional filtering

A relatively straightforward way to reduce the interference between systems operating in adjacent frequency bands is to include additional filtering to improve the transmitter ACLR and/or the receiver ACS. Additional filtering can be incorporated into the base station relatively easily, while at the mobile station the size limitations preclude its use.

An example of a filter used for this purpose in a CDMA-DS TDD base station is described by Howard and Wilkinson [2]. This is a single 5 MHz bandwidth channel filter centred at 1,907.5 MHz, giving a rejection of 60 dBc at offsets of (5 MHz. This performance should be achievable by a similar 2.5 GHz filter. Using such a filter at an OFDMA-TDD-WMAN base station would improve both the transmitter ACLR and receiver ACS by 60 dB (because of the TDD nature of OFDMA-TDD-WMAN), thus reducing the interference between the OFDMA-TDD-WMAN base station and any CDMA-DS base station or mobile station in its vicinity. Since the ACIR for each interference path is affected by the transmitter ACLR and the receiver ACS (being effectively limited by the weaker of the two), the full benefit of the additional filtering will be obtainable when similar filtering is included within both systems. Once again, it will only be practical for the filters to be incorporated into the CDMA-DS base station (and not the CDMA-DS mobile station), so the full benefit can only be gained for base station-to-base station interference, although for the base station-to-mobile station and mobile station-to-base station interference paths the ACIR will be improved such that it is limited by the mobile station ACLR/ACS performance.

In Report ITU-R M.2045 [1], a conservative approach was taken, in that rather than redesign the filter for the 2.6 GHz band, requiring a smaller fractional bandwidth and therefore higher Q resonators, the filter was frequency scaled, so that the pass-band was increased from 4.2 MHz to 5.7 MHz, and the –60 dB bandwidth increases from 6 MHz to 8.2 MHz. Consequently, the rejection quoted in M.2045 is considerably poorer, and this has been reproduced in Table VI.3. 

Table VI.3
Improvements in adjacent channel performance obtainable from
the use of a channel filter according to M.2045. [1]

	Guard band
	ACLR improvement
	ACS improvement

	0 MHz
	9 dB
	9-15 dB

	1 MHz
	35 dB
	>35 dB

	2 MHz
	71 dB
	>71 dB

	5 MHz (2nd adjacent channel)
	68 dB
	>68 dB


VI.2
Site design

Appendix II of Annex 2 established that the most significant factor affecting the co-existence of CDMA-DS and OFDMA-TDD-WMAN will be the interference between the two types of base station when they are either co‑sited, or are sited within each other’s coverage area. Interference can be minimized by careful site design to keep the coupling loss between the different sites to a minimum.

Allgon [3] performed measurements of the isolation that can be achieved between different antennas in the GSM1800 band when mounted in a number of different configurations. Assuming that similar isolation can be achieved at the slightly higher frequencies of the 2 500-2 690 MHz band the coupling loss values used in the calculations of interference between CDMA-DS and OFDMA-TDD-WMAN base stations can be adjusted accordingly. According to Allgon [3], when mounted on the same mast, antenna isolations of between 39 dB and 54 dB were achieved, with relative antenna orientations of between 90º and 180º. With a 1 m separation between antennas, the isolation could be increased to between 57 dB and 70 dB, for the same relative orientations. In practice, however, it may not be possible to maintain this level of isolation between all antennas if both co‑sited cells are required to provide coverage through 360º of azimuth. In this case, it would be more appropriate to mount the antennas at different heights on the same mast, for which the measured isolation was between 45 dB and 70 dB for vertical separations of between 1.5 m and 6 m. With a vertical separation of around 3 m, 60-65 dB isolation was possible, and this is applied to the macrocell base station-to-macrocell base station interference case. The Allgon results confirm that these are reasonable values, and these are within the range of improvements reported in Report ITU-R M.2045 [1] which states that improvements of 15-40 dB may be obtained over and above the 30 dB value often assumed. This corresponds to total coupling losses in the range of 45-70 dB. In the analysis 30 dB and 65 dB are used, to represent worst and best case scenarios, respectively.

Note that for the macrocell base station-to-microcell base station case and macrocell base station-to-picocell base station case, coupling losses of 77 dB and 89 dB are assumed, respectively. Refer to Appendix II for details regarding the calculation of these values.

For base stations that are not co-sited, worst-case antenna orientations are assumed, ie, with the interfering base station antennas at the same heights and directly facing each other. With careful site planning this situation could be avoided but it would probably require cooperation and coordination between different operators.

[Editor’s note: The remainder of the material in this subclause has not been reviewed and needs further review in the CF.]
Nevertheless, downtilt is frequently used to control interference in cellular networks, and ITU-R Report M.2039, indicates that downtilt of 2.5 degrees should be used in sharing studies [4]. Assuming that the base station antennas are the same height, then using the formulation given in ITU-R Recommendation F.1336-2 [5] for the elevation pattern, the increase in path loss resulting from downtilts of 2.5º and 5º can be computed as shown in Table VI.4. 

Table VI.4
Increases in isolation for worst-case orientation of macrocell base 
station antennas using downtilt
	Vertical Beamwidth
	Downtilt 2.5º
	Downtilt 5º

	
	Gain reduction 
	Coupling loss increase
	Gain Reduction
	Coupling Loss Increase

	5º
	3.00 dB
	6.00 dB
	12.00 dB
	24.00 dB

	7º
	1.53 dB
	3.06 dB
	6.12 dB
	12.24 dB

	9º
	0.92 dB
	1.85 dB
	3.70 dB
	7.41 dB


Having considered the case for base stations of identical height (ie, at an elevation angle of 0º), the case with different antenna heights should be considered. The main beam given by Equation 8b in ITU-R Recommendation F.1336-2 [5], is of the form
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Where G is the gain, G0 is the maximum gain, θ is the elevation angle, relative to the main beam and θ3 is the beamwidth. If α represents downtilt, and β represents the angle of elevation of one antenna relative to the other, then the combined antenna gain becomes
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And the result is that differences in height merely increase the coupling loss compared with the case when both antennas are at the same height because the term containing β is always negative. Note that Equation 8b only applies to gains of up to 12 dB less than the maximum antenna gain.
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� 	Compatibility issues that are relevant for developing frequency arrangements are distinct from those to be studied by JTG 5-6 under Agenda item 1.17.


i 	ITU-R Document 8F/758, Chairman’s Report on the 18th meeting of WP 8F (Bangkok, 25 January – 1 February 2006).


� 	Working Group IEEE 802.16 has developed and published standards IEEE Std 802.16-2004 titled ‘IEEE Standard for Local and Metropolitan Area Networks – Part 16: Air Interface for Fixed Broadband Wireless Access Systems’, and its amendment to include mobility IEEE Std 802.16e-2005 entitled ‘Amendment to IEEE Standard for Local and Metropolitan Area Networks – Part 16: Air Interface for Fixed Broadband Wireless Access Systems – Physical and Medium Access Control Layers for Combined Fixed and Mobile Operation in Licensed Bands’.


� 	The ACLR and ACS values used for the OFDMA-TDD-WMAN system in this report are intended only for coexistence studies and apply to channels close to an FDD/TDD boundary. Theses ACLR values can also be found in Rec. ITU-R M.1580-2 and M.1581-2 and these ACS numbers as well as the other parameter values are also found in Report ITU-R M.2116. 


�	IEEE 802.16-2004 together with IEEE 802.16e-2005 also includes other duplex and access modes. In this document, “OFDMA-TDD-WMAN” refers to the TDD mode only.


� 	The delayed entry into the high priority queue can be used to reduce compulsory retransmission of a single packet.  A fast retransmission mechanism, such as N-channel stop-and-wait ARQ, would provide one packet to the high priority queue if the delayed entry mechanism were not provided.  As a result, this single packet would be retried in lieu of all other packets regardless of the channel conditions. Note that the case when retransmitted packets always have priority over new transmissions is included in this description as a special case.


� 	Note that channel filters precludes the use of multicarrier power amplifier base station architectures.


� 	Refer to Section 2 for comments about the insensitivity of the NLoS1 model to variations of the street width and the distance between building rows (or diffracting edges).


� 	Note this height is outside the declared range of mobile heights (1 to 3m) in P.1411 [2]. However, this height is only slightly beyond the declared range and the propagation model does not exhibit any discontinuities as a function of mobile height. For an increase of mobile height from 1 to 6m, each 1m increase corresponds to an approximate 0.4 to 0.5 dB decrease in path loss.
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Colombia


proposal of sectorial survey into a national 
process of adoption of imt 


1
Introduction


The adoption of IMT applications in every country should response to national needs related with wireless broadband services, but also in harmony with international trends, to ensure and optimal deployment and adoption, in an economic manner, providing advanced services to users. Hence, it is necessary to take into account the different points of view of the main actors involved in such an adoption.

2
Discussion


National regulators responsible of the execution of their roadmaps to adopt and implement IMT in their countries should consider the sector realities and needs, both domestic and international. In this regard, Colombia wish to propose the following set of key questions to be solved by the national relevant actors, aiming to obtain necessary inputs for the subsequent decisions to be taken related with the manner IMT would be adopted and deployed. 

3
Proposal


It is proposed the following sectorial survey, related with the process of adoption and deployment of IMT applications; this survey could be done by the national authority responsible of such process:


1 Taking into account the actual utilization of the spectrum and the need of spectrum for other applications, how much spectrum must be available for IMT and in which of the bands identified for IMT by the WRC07?


2 What principles and criteria must support the identification of IMT bands?


3 How much spectrum should be available for IMT to each operator? What should be the maximum spectrum assigned to each operator?


4 How do you consider that the spectrum identified for IMT must be canalized?


5 Do you consider that the future planning of the spectrum identified for IMT must be done at a national or regional level? If so, how would you distribute the spectrum between national and regional levels?


6 Do you consider that segments of the spectrum identified for IMT should be foreseen for low power applications? What would be the advantages and disadvantages of this possibility? 


7 Taking into account that the bands identified as IMT are not considered as a service in the ITU Radio Regulations, do you consider that these IMT systems must be subject to especial regulation?


8 Which method do you consider must be used to grant spectrum identified as IMT? 
(Auction –what type-, beauty contest, among others)


9 What class of operators or companies do you consider can be granted the license for the use of spectrum identified as IMT?

10 What is the most suitable form of making a down payment during the process of issuing the license for the spectrum identified for IMT?

11 What principles and criteria should be taken into account when regulating the secondary market of the license for the spectrum identified for IMT?

12 By means of what mechanism and schedule should the spectrum identified for IMT be assigned? For example: All the spectrum should be assigned at the same time or in different periods?

13 What is the potential demand (quantitative and/or qualitative) of IMT systems?

14 What kind of Radiocommunications applications within the spectrum identified for IMT may be offered in the short and long term?

15 Since the 450 MHz bands helps to narrow the gap between the high and low population density areas, it would feasible an desirable to identified at a national level the 450 MHz band to IMT rather than assigned it to fixed broadband Radiocommunications in low populated areas?

________________
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