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Summary
This document extends Thomas’ latest draft Annex U (q15j66r1.doc) to incorporate the long/short-term picture concept to improve index re-mapping efficiency. 
The basic idea is still to separate the pictures into short-term pictures and long-term pictures.  A buffer is called a short-term buffer at the moment it contains a short-term picture. A buffer is called a long-term buffer at the moment it contains a long-term picture.  A short-term picture is associated with a picture Number (PN), while the long-term picture is associated with a long-term picture Index (LPIN). A short-term picture can be changed into a long-term picture and assigned a long-term picture index (LPIN) according to the information contained in the bitstream. This information may be repeated to avoid encoder/decoder buffer mismatch caused by packet loss and bitstream errors. 

A parameter NLB (Number of Long-term Buffers) may also be inserted into bitstream to indicate the maximum number of total long-term buffers allowed. The long-term picture index shall be in the range of zero and NLB – 1.  However, the total number of long-term pictures may be less than NLB at a given time. The short-term pictures could use the other available buffers. Upon receiving NLB parameter, the decoder shall examine the total number of long-term buffers currently in use. Any long-term buffers with a long-term picture index (LPIN) greater than NLB – 1 shall be assigned to “unused” status. For all other buffers, no change shall be made. 

The short-term picture Number (PN) and the long-term picture Index (LPIN) may be jointly re-mapped into a re-mapped index for reference picture addressing in the macroblock layer. 

Due to the capability of changing a short-term picture to a long-term picture, the field PNI is no longer needed. A short-term picture shall not stay more than 1023 coded frames. 
Other technical changes include the removal of  “inherited” RPB mode in the GOB/Slice layer to improve error resiliency. The back-channel messages defined by Annex N is no longer suitable for Annex U due to the removal of  TRP field. The corresponding statement is removed from the text.
There are also editorial changes, including incorrect descriptions, wrong references to figures, misspelling and other minor changes.
All changes are highlighted.
Annex U
Enhanced Reference Picture Selection mode

(This annex forms an integral part of this Recommendation.)

U.1
Introduction

This annex describes the optional Enhanced Reference Picture Selection mode of H.263. The capability of this mode of H.263 is signaled by external means (for example Recommendation H.245). The amount of additional picture memory accommodated in the decoder and the allowed fragmentation of that picture memory into minimum picture units (MPUs) for  Sub-Picture Removal as defined herein may also be signaled by external means to help the memory management at the encoder.  The use of this mode shall be indicated by setting the formerly-reserved bit 16 of the optional part of the PLUSPTYPE (OPPTYPE) to "1". The mode provides benefits for both error resilience and coding efficiency.

For error resilience, it can use backward channel messages, which are defined and signaled by external means (e.g. Recommendation H.245) sent from a decoder to an encoder to inform the encoder which part of which pictures have been incorrectly decoded. This Annex provides enhanced performance compared to Annex N. It shall not be used simultaneously with Annex N. It can be used in such a way as to provide the same functionality as Annex N.

For coding efficiency, motion compensation can be extended to prediction from multiple pictures. The extension of motion compensation to multi-picture prediction is achieved by extending the motion vector by a picture reference parameter which is used to address a macroblock or block for motion compensation in any of the multiple reference pictures. The picture reference parameter is a variable length code specifying a buffer index. For that, the reference pictures are assembled in a buffering scheme that can be controlled by the encoder. 

The Enhanced Reference Picture Selection mode contains a feature called Sub-Picture Removal. The capability of this sub-mode is signaled by external means (for example Recommendation H.245). The purpose of Sub-Picture Removal is to reduce the amount of memory required to store multiple reference pictures. The memory reduction is accomplished by partitioning each reference picture into sub-pictures. While encoding, the encoder may remove sub-pictures from reference pictures in the multi-picture buffer.

U.2
Video source coding algorithm

The source coder of this mode is shown in generalized form in Figure U.1. This figure shows a structure  that uses a number of picture memories. 

The video source coding algorithm can be extended to multi-picture motion compensation. Enhanced coding efficiency may be achieved by allowing reference picture selection on the macroblock level. A picture buffering scheme with relative indexing is employed for efficient addressing of pictures in the multi-picture buffer. The multi-picture buffer control may work in several modes of operation. For example, a sliding window over time can be accommodated by the buffer control unit. Past decoded and reconstructed pictures starting with the immediately preceding one ending with the picture which is decoded M time instants before are collected in the picture memories PM0...PMM-1. If the number of pictures maximally accommodated by the multi-picture buffer corresponds to M, the motion estimation when coding picture m, if 0M, the maximum number of pictures M can be used. Alternatively, an adaptive buffer control can be utilized.
M-1, can utilize m pictures. In case mm
The source coder may select one or several of the picture memories to suppress temporal error propagation caused by inter-frame coding. The Independent Segment Decoding mode (see Annex R), which treats boundaries of GOBs with non-empty headers or slices as picture boundaries, can be used to avoid spatial error propagation due to motion compensation across the boundaries of the GOBs or slices when this mode is applied to a smaller unit than a picture, such as a GOB or slice. The information to signal which picture is selected for prediction is included in the encoded bitstream.

The strategy used by the encoder to select the picture to be used for prediction is out of the scope of this Recommendation.
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FIGURE U.1/H.263

Source coder for Enhanced Reference Picture Selection

U.3
Back-Channel messages

 
The back-channel messages are defined and signaled by external means (e.g. recommendation H.245).

U.4
Syntax

The syntax is altered in the Picture, Group of Blocks (GOB), slice, and macroblock layer. On the Picture, GOB, and Slice layer, an Enhanced Reference Picture Selection layer (ERPS layer) shall be inserted. On the macroblock layer, picture reference parameters are inserted to enable multi-picture motion compensation.

U.4.1
Syntax of the Picture, GOB, and Slice layer

The syntax for the PLUS header is shown in Figure U.2. The fields of ERPSI and the ERPS layer are inserted into the PLUS header. 
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Structure of PLUS Header.

The syntax for the GOB layer is shown in Figure U.3. The fields of TRI, TR, ERPSI, and the ERPS layer are added to Figure U.3 .
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FIGURE U.3/H.263

Structure of GOB layer.

When the optional Slice Structured mode (see Annex K) is in use, the syntax of the slice layer is modified in the same way as the GOB layer. The syntax for the Slice layer is shown in Figure U.4.
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FIGURE U.4/H.263

Structure of Slice layer.

The ERPS layer is shown in Figure U.5.







FIGURE U.5/H.263

Structure of the ERPS layer.

Variable length codes for the  NLB, DPN, LPIN, , ADPN, LPIR, RPN,, IPR, PR, PR0, PR2, PR3, and PR4 fields are given in Table U.1.

Table U.1/H.263

Variable length codes for  NLB, DPN, LPIN, ADPN, LPIR, RPN, , IPR, PR, PR0, PR2, PR3, and PR4.

Absolute position 
Number 

of bits
Codes

0
1
1

""x0""+1 (1:2)
3
0x00

""x1x0""+3 (3:6)
5
0x11x00

""x2x1x0""+7 (7:14)
7
0x21x11x00

""x3x2x1x0"+15 (15:30)
9
0x31x21x11x00

"x4x3x2x1x0"+31 (31:62)
11
0x41x31x21x11x00

"x5x4x3x2x1x0"+63 (63:126)
13
0x51x41x31x21x11x00

"x6x5x4x3x2x1x0"+127 (127:254)
15
0x61x51x41x31x21x11x00

"x7x6x5x4x3x2x1x0"+255 (255:510)
17
0x71x61x51x41x31x21x11x00

"x8x7x6x5x4x3x2x1x0"+511 (511:1022)
19
0x81x71x61x51x41x31x21x11x00

"x9x8x7x6x5x4x3x2x1x0"+1023 (1023:2046)
21
0x91x81x71x61x51x41x31x21x11x00

"x10x9x8x7x6x5x4x3x2x1x0"+2047 (2047:4094)
23
0x101x91x81x71x61x51x41x31x21x11x00

U.4.1.1
Temporal Reference Indicator (TRI) (1 bit)

A code word that is only present on the GOB or Slice layer. TRI indicates whether or not the following TR field is present.

0: TR field is not present.
1: TR field is present.

U.4.1.2
Temporal Reference (TR) (8/10 bits)

When present, TR is an eight-bit number unless a custom picture clock frequency is in use, in which case it is a ten-bit number consisting of the concatenation of ETR and TR of the picture header.

U.4.1.3
Enhanced Reference Picture Selection Initialize (ERPSI) (1 bit)

ERPSI is a bit that is present only if Enhanced Reference Picture Selection is indicated in the PLUS header. ERPSI shall be set to "1" if the current picture is not an I or EI picture. If ERPSI is set to "0", the multi-picture buffer shall be initialized by discarding all pictures and picture numbers. The decoded picture is inserted into the multi-picture buffer with index 0. No further information is transmitted for this picture with regard to Enhanced Reference Picture Selection. If ERPSI is set to "1", the multi-picture buffer shall be used as assembled. ERPSI is also inserted to prevent start-code emulation.

U.4.1.4
Enhanced Reference Picture Selection layer (ERPS) (Variable Length)

The ERPS layer is present only if ERPSI is set to “1”.

The ERPS layer specifies the buffer indexing to decode the current frame.

The Picture Number (PN) specifies a unique label to identify each picture in the multi-picture buffer.
The Number of Long-term Buffer (NLB) field specifies the maximum number of long-term buffers is allowed to store long-term pictures. The existence of NLB filed is indicated by NLBI field.

Picture Property Change Indicator (PPCI), Difference of Picture Numbers (DPN), and Long-term Picture Index (LPIN) are used to signal the change of a short-term picture (indicated by DPN and the PN of the current picture)  to a long-term picture with a long-term picture index that is indicated by LPIN.
The Number of Reference Picture Active (NRPA) indicates whether more than one reference pictures out of the multi-picture buffer is used for motion compensation. 

The absolute difference of picture numbers (ADPN) and  long-term picture index for re-mapping (LPIR) are used to provide a pointer table for decoding the current picture and to inform the decoder which pictures out of the multi-picture buffer are used for motion compensation.

The ERPS layer also specifies the buffering of the currently decoded frame. 

The Reference Picture Buffering mode specifies the buffering of the currently decoded frame. The "Sliding Window" (RPB) mode operates as a (First-In-First-Out) FIFO buffer within the short-term pictures. The "Adaptive Remove" (RPB) mode permits a more general buffering scheme. The fields of RPI, RPN, and API are present if the "Adaptive Remove" (RPB) mode is selected permitting flexible buffer handling. 

U.4.1.5
Picture Number (PN) (10 bits)

PN is a fixed length code word that is present only if the ERPS layer is present. PN is transmitted for each picture, GOB, or Slice. PN is increased by 1 for each and every coded and transmitted picture in a 10-bit modulo operation. Picture Number (PN) is the unique ID for any pictures stored in the picture buffer within 1024 coded frames.  Therefore, a short-term picture shall not be kept for more than 1023 coded frames.


U.4.1.6 Number of Long-term Buffers Indicator  (NLBI) (1-bit)

NLBI is present only if ERPS layer is present. NLBI indicates the existence of the next field NLB.

NLBI = “1”: following NLB field exists;

NLBI = “0”: following NLB field does not exist.
U.4.1.7 Number of Long-term Buffers  (NLB) (variable length)
NLB filed is present only if NLBI = “1”.  NLB is transmitted using code words in Table U.1. If present, NLB indicates the maximum number of buffers allowed for long-term pictures. The long-term picture index (LPIN) of any long-term picture shall be in the range of 0 and NLB – 1.  The decoder shall initially assume NLB = 0. Upon receiving NLB parameters, the decoder shall examine all the long-term picture index so that any long-term buffer with a long-term picture index greater than NLB – 1 shall be assigned “unused” status. For all other buffers, no change shall be made. 
U.4.1.8 Picture Property Change Indicator (PPCI) (1-bit)
PPCI is present only if ERPS layer is present. PPCI is used to indicates the existence of the following two fields DPN and LPIN. 
PPCI = “1”: DPN and LPIN fields exist;

PPCI = “0”: DPN and LPIN fields do not exist.

U.4.1.9 Difference of Picture Numbers (DPN) (variable length)

DPN filed is present only if PPCI = “1”. DPN is transmitted using code words in Table U.1 and used to calculate the PN of the short-term picture that will be changed to a long-term picture. Assume that the current decoded picture number is PNC, and the picture number in question is PNQ, the following equations shall be used for calculation:
MASK = (1 << 10) – 1;
PNQ = (PNC – DPN – 1) & MASK;
Accordingly, the encoder shall calculate DPN using the following equation:
DPN = (PNC – PNQ – 1) & MASK;

U.4.1.10 Long-term Picture Index (LPIN) (variable length)
LPIN filed is present only if PPCI = “1”. LPIN is transmitted using code words in Table U.1 and used to indicate the long-term picture index to be assigned to a previous short-term picture so that this short-term picture will become a long-term picture with a long-term picture index of LPIN.
U.4.1.11
Number of Reference Pictures Active (NRPA) (1 bit)

NRPA is a fixed length code word that is present only if the ERPS layer is present and the picture coding type indicates a P-picture or an EP-picture. NRPA specifies whether the number of active reference frames for decoding the current picture is larger than one. 

1: More than one reference picture is used for motion compensation.

0: One reference picture is used for motion compensation. The extensions of the macroblock layer syntax in section U.4.2 do not apply. 
NRPA could be changed from GOB to GOB or slice to slice so that different GOBs or slices may address different reference pictures. 
U.4.1.12
Re-Mapping of Picture Numbers Indicator (RMPNI) (variable length)

RMPNI is a variable length code word that is present only if the Enhanced Reference Picture Selection layer is indicated. RMPNI indicates whether or not the ADPN or the LPIR field is present. RMPNI is transmitted using Table U.2.

Table U.2/H.263

Modes of operation for re-mapping of reference pictures.

“1”
ADPN field is present and corresponds to a positive difference; LPIR field is not present.

“01”
ADPN field is present and corresponds to a negative difference; LPIR field is not present.

“001”
LPIR field is present; ADPN field is not present.

“0001”
ADPN and LPIR fields are not present.

U.4.1.13
Absolute Difference of Picture Numbers (ADPN) (Variable length)

A variable length code word that is present only if indicated by RMPNI. ADPN is transmitted using Table U.1. ADPN + 1 corresponds to the absolute difference between the two picture numbers of the currently re-mapped picture and the previous picture that is re-mapped using ADPN. For the first re-mapped picture using ADPN, ADPN + 1 corresponds to the absolute difference of the picture numbers of the currently re-mapped picture and the currently coded picture.
Assume that the Picture Number to be re-mapped is PNR, and the previously re-mapped picture number using ADPN is PNP, ADPN is calculated by using the following equations in the encoder side:

DELTA = (PNP – PNR );

If (DELTA > 512)

{


DELTA  - = 1024; // the resulting DELTA would be a negative number
}

else if (DELTA < -511)

{


DELTA += 1024; // the resulting DELTA would be a positive number
}
ADPN = abs (DELTA ) – 1; // abs() indicates absolute operation.
The sign of the final DELTA value shall be used by the RMPNI field. 
The two conditional calculations permit the use of short coded word at wrap around. 
At the decoder side, PNR can be retrieved using the following equations:

If (RMPNI indicates positive)

{

PNR  = (PNP – ADPN – 1);
}
else  // negative

{


PNR  = (PNP + ADPN + 1);
}
If (PNR < 0)

{


PNR +=1024;

}
else if (PNR >= 1024)

{


PNR -= 1024;

}
U.4.1.14 Long-term Picture Index for Re-mapping (LPIR) (variable length)
LPIR is a variable length code word that is present only if indicated by RMPNI. LPIR is transmitted using Table U.1. It represents the absolute value of the long-term picture index to be re-mapped.


U.4.1.15
Reference Picture Buffering mode (RPB) ( 1-bit)

A fixed length code word that is present only if the Enhanced Reference Picture Selection layer is indicated. RPB specifies the buffering of the currently decoded picture. The RPB modes are signaled using Table U.3.

Table U.3/H.263

Modes of operation for reference picture buffering.

Code word
RPB mode

"1"
Sliding Window

"0"
Adaptive Remove




The "Sliding Window" RPB mode operates by removing the picture with the largest default index from the short-term picture buffers and adding the current decoded picture with index 0 to the short-term multi-picture buffer. No additional information is transmitted regarding picture buffering. 

In the "Adaptive Remove" RPB mode a specified picture may be removed from the multi-picture buffer while the currently decoded picture shall be inserted with index 0 into the buffer. This mode requires further information that is transmitted using the code words RPI, RPN, and API.


The reference picture buffering modes in the picture/slice/GOB layers shall be the same within a single picture. If they are different, it shall be treated as a bitstream error.
U.4.1.16
Remove Picture Indication (RPI) (1 bit)

RPI is a fixed length code word that is present only if the ERPS layer is present and if the RPB code is set to "01". If RPI is set to "0", no picture is removed from the multi-picture buffer and the field RPN is not present. If RPI is set to "1", a picture is removed from the multi-picture buffer and the RPN field is present.

U.4.1.17
Remove Picture Number (RPN) (Variable length)

RPN is a variable length code word that is present only if the ERPS layer is present and if RPI is present and set to "1". RPN corresponds to the difference between the PN of the current picture and the picture that is to be removed. RPN is transmitted using Table U.1 where the index in Table U.1 corresponds to RPN-1, unless RPN-1 is less than zero in which case it is RPN+1023. 

U.4.1.18
Add Picture Indication (API) (1 bit)

API is a fixed length code word that is present only if the ERPS layer is indicated and if the RPB code is "01". If API is set to "0", the currently decoded picture is not added to the multi-picture buffer If API is set to "1", the currently decoded picture is added to the multi-picture buffer at default index 0. 

U.4.1.19
Sub-Picture Removal Information Indicator (SPRII) (1bit)

SPRII is a fixed length code word that is present in a picture header only if the ERPS layer is present. SPRII is not present in GOB or Slice headers. SPRII indicates whether or not the data fields describing Sub-Picture Removal are present. If the SPRII is set to "1", the sub-picture removal information data fields are present. If the SPRII is set to "0", the data fields are not present. If  Sub-Picture Removal is in use, the SPRII must be set to "1" in the ERPS layer in the PLUS header of an intra-frame to indicate the presence of sub-picture dimension information. 
U.4.1.20
Sub-Picture Dimension Indicator (SPDI) (1 bit)

SPDI is a fixed length code that is present only if the SPRII is set to "1".  SPDI indicates whether or not data fields describing sub-picture dimensions are present. If the SPDI is set to "1", the data fields describing sub-picture dimensions are present. If the SPDI is set to "0", the data fields are not present. The encoder must send sub-picture dimension information every intra-frame but may send the information more frequently. A change in the sub-picture dimensions must be indicated in the ERPS layer of an intra-frame. 

U.4.1.21
Horizontal Sub-Picture Dimension (HSPD) (6 bits)

HSPD is a fixed length code word that is present only if the SPDI is set to "1". HSPD specifies the horizontal dimension of a sub-picture in units of macroblocks. Each frame has a width of ceil ( fwMB / sfwMB ) sub-pictures where fwMB is the width of a frame in macroblocks and sfwMB is the width of a sub-picture in macroblocks. For positive numbers, the ceiling function, ceil ( x ), equals x if x is an integer otherwise ceil ( x ) equals one plus the integer part of x. The horizontal dimension must be an integer multiple of the horizontal size of the MPU. 

U.4.1.22
Vertical Sub-Picture Dimension (VSPD) (6 bits)

VSPD is a fixed length code word that is present only if the SPDI is set to "1". VSPD specifies the vertical dimension of a sub-picture in units of macroblocks. Each frame has a height of ceil ( fhMB / sfhMB ) sub-pictures where fhMB is the height of a frame in macroblocks and sfhMB is the height of a sub-picture in macroblocks. The vertical dimension must be an integer multiple of the vertical size of the MPU. 
U.4.1.23
Sub-Picture Removal Indicator (SPRI) (1 bit)

SPRI is a fixed length code word that is present only if the SPRII is set to "1".  SPRI indicates whether or not data fields describing which sub-picture are to be removed are present. If the SPRI is set to "1", the data fields are present. If the SPRI is set to "0", the data fields are not present. 

U.4.1.24
Number of Pictures to Remove (NPR) (Variable Length)

NPR is a variable length code word that is present only if the SPRI is set to "1". NPR is transmitted using Table U.1 by setting the corresponding index value to NPR-1. NPR is used to indicate the number of pictures of which sub-pictures are to be removed.

U.4.1.25
Index of Picture to Remove (IPR) (Variable Length)

IPR is a variable length code word that is present only if the SPRI is set to "1". IPR is transmitted using Table U.1 by setting the corresponding index value to IPR. The IPR code word and associated sub-picture removal bitmap are always transmitted as pairs and are transmitted N times where N is the value of NPR.

U.4.1.26
Sub-Picture Removal Bitmap (SPRB)
SPRB is a fixed length code word that contains one bit for each sub-picture and is present only if the SPRI is set to "1". The sub-pictures are numbered in raster scan order starting from the upper-left of the frame. 

For example, consider a case in which a reference picture, specified by IPR, is partitioned into six sub-pictures. Let “s1 s2 s3 s4 s5 s6” represent the six bits in the SPRB. If bit si = “1”, then the decoder should remove the ith sub-picture in the indicated reference picture. For instance, if the SPRB = “000110” then sub-pictures 4 and 5 are removed. 

To prevent start code emulation, a "1" is inserted (if necessary) into the bitmap in the 15th, 30th, 45th, etc. bit position. The SPRB code word and associated IPR are always sent as pairs and are transmitted N times where N is the value of NPR.

U.4.2
Macroblock layer syntax

The macroblock layer syntax is modified if the ERPS layer is present for P-pictures or EP-pictures in case the number of selected reference pictures (indicated by NRPA) is greater than one. The field NRPA is signaled in the ERPS layer. 

If the COD bit is set to "1", no further information is transmitted for this macroblock. In that case, the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, picture reference parameter equal to zero, and with no coefficient data. If the COD bit is set to "0", indicating that the macroblock is coded, the syntax of the macroblock layer is depicted in Figure U.7 with the fields PR0, PR, PR2, PR3, and PR4 being inserted into the Figure. PR0, PR, PR2, PR3, and PR4 consist of a variable length code word as given in Table U.1. 

If the field PR0 is not set to zero, no further information is transmitted for this macroblock. In that case the decoder shall treat the macroblock as an INTER macroblock with motion vector for the whole block equal to zero, picture reference parameter equal to PR0, and with no coefficient data. If three times PR0 is set to 1 (code word "000" is transmitted), a bit "1" shall be inserted to prevent start code emulation.

If the field PR0 is set to zero, the macroblock is coded. The meaning of the fields MCBPC, MODB, CBPB, CBPY, and DQUANT remains unaltered. The field PR is included together with the field MVD for all INTER macroblocks (in PB frames mode also for INTRA macroblocks). 

The three code words PR2-4 are included together with MVD2-4 if indicated by PTYPE and if MCBPC specifies the INTER4V type. PR2-4 and MVD2-4 are only present when in Advanced Prediction mode (see Annex F) or Deblocking Filter mode (see Annex J).
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FIGURE U.7/H.263

H.263 macroblock syntax layer.

U.5
Decoder Process

The decoder of this mode may need additional memory capacities to store the multiple decoded pictures. The decoder replicates the multi-picture buffer of the encoder according to the specified buffering mode. The buffering scheme may also be operated when partially erroneous frames are decoded according to the specified buffer mode information. 

If the ERPS layer is present, the decoder stores the reference pictures for inter-frame decoding in a multi-picture buffer. 

Each transmitted picture, GOB, and Slice is assigned a Picture Number (PN) which is stored with the picture in the multi-picture buffer. PN represents a picture count. PN is constrained, using modulo 1024 arithmetic operation. For the first transmitted picture, PN shall be assigned “0”. For each and every other transmitted picture, PN shall be increased by 1.  If the difference (1024 arithmetic operation) of the PNs of two consecutively received pictures is not 1, the decoder shall assume the loss of pictures. A back-channel message  indicating the loss of pictures should be sent to the encoder. 
Besides the PN, each picture stored in the multi-picture buffer has an associated index, called default index (DIN). When a picture is first added to the multi-picture buffer it is given default index 0. The indices of pictures in the multi-picture buffer are modified when pictures are added to or removed from the multi-picture buffer. 


1. 
2. 
3. 
4. 
The pictures stored in the multi-picture buffers could also be divided into two groups: long-term pictures and short-term pictures.  A long-term picture is intended to stay in the multi-picture buffer for a long time. A picture is initially stored into the buffer as a short-term picture and can be changed to a long-term picture according to the information in the bitstream. The PN is the unique ID for all short-term pictures in the multi-picture buffers. When a short-term picture is changed to a long-term picture, it is also assigned a long-term picture index (LPIN).  The PNs of the long-term pictures are unique within 1024 transmitted frames. Therefore, the PN of a long-term picture shall not be used after 1023 transmitted frames.  LPIN becomes the unique ID for the life of a long-term picture.
PN and LPIN can be used to re-map the pictures into re-mapped indices for efficient reference picture addressing.
U.5.1
Decoder Process for Short/Long-term Picture Management

The decoder may have long-term pictures and short-term pictures in its multi-picture buffer. NLB field is used to indicate the maximum number of long-term pictures allowed in the buffers. The decoder shall initially assume no long-term picture is allowed, i.e. NLB = 0. Upon receiving an NLB parameter, the new NLB shall take into effect immediately until another NLB is received.  Upon receiving a new NLB parameter, the decoder shall examine the multi-picture buffer that any long-term pictures with a long-term index that is greater than NLB –1 shall be removed and marked “unused”.  The frequency of transmitting NLB parameter is out of the scope of this recommendation. However, the encoder shall send an NLB parameter upon receiving an error message, such as an Intra request message.
A short-term picture can be changed to a long-term picture through the field PPCI, DPN and LPIN. The short-term picture number is derived from DPN while the long-term picture index is derived from LPIN. Upon receiving such fields, the decoder shall change the short-term picture with a PN indicated by DPN to a long-term picture and shall be assigned a long-term picture number indicated by LPIN. If a long-term picture with the same long-term index (LPIN) is already existing, the previously existed long-term picture shall be removed and that buffer marked “unused”. If LPIN is more than NLB – 1, it shall be treated as a error. For error resilience, the encoder may send the same message repeatedly. If a picture number (PN) is already associated with the required LPIN, no action shall be taken by the decoder. The encoder shall only change a short-term picture to a long-term picture within 1023 transmitted frames. In other word, a short-term picture shall not stay in the short-term buffer for more than 1023 frames. If  the requested short-term picture does not exist, and is not associated with the correct long-term picture, that short-term picture maybe lost and a back-channel message maybe sent to the far-end encoder for error recovery.

U.5.2
Decoder Process for Reference Picture Buffer Mapping

The decoder employs indices when referencing a frame for motion compensation on the macroblock layer using the fields PR0, PR, PR2, PR3, and PR4. These indices are the actual default indices of pictures in the multi-picture buffer when the fields ADPN and LPIR are not present, and are mapped indices when these fields are present.

The index of pictures in the multi-picture buffer can be mapped onto newly specified indices by transmitting the RMPNI, ADPN, and LPIR fields. RMPNI indicates whether ADPN or LPIR is present. If ADPN is present, RMPNI specifies the sign of the value where ADPN is derived. The ADPN values correspond to the absolute difference between the PN of the current picture and a PN of a picture in the multi-picture buffer. The first transmitted ADPN is computed as the difference between the PN of the current picture and the PN of the picture that is being re-mapped . The next transmitted ADPN field represent the difference between the PN of the previous picture that is re-mapped using ADPN and the picture that is being re-mapped. The process continues until the necessary re-mapping is all done. If RMPNI indicates an LPIR field for the m’th index, this index corresponds to a long-term picture with a long-term index of LPIR. An ADPN filed that is transmitted after one or several LPIR fields is computed relative to the previous transmitted PN using an ADPN field for re-mapping. If no previous PN was transmitted  using ADPN, then the ADPN is computed against the PN of the current picture. RMPNI, ADPN and LPIR are used to jointly specify a set of re-mapped indices. Let’s say N indices are specified by the re-mapping, it is possible that there are some pictures that are not re-mapped, these pictures will be assigned the “mapped indices” N+1, N+2,…., according to the order of their default index. 

In an error prone transmission environment, the default indices may have mismatch between the encoder and decoder, therefore it is not recommended to use default indices under such error conditions.
If the decoder detects a missing picture, it may invoke a concealment and may insert the concealed picture into the multi-picture buffer. Missing pictures are identified if one or several picture numbers are missing or if a transmitted ADPN  message specifies a PN of a short-term picture or LPIR message specifies a long-term picture that is not stored in the multi-picture buffer. Concealment may be conducted by copying the closest temporally preceding picture that is available in the multi-picture buffer into the position of the missing picture. The temporal order of the short-term pictures in the multi-picture buffer is given by their PN field. . In addition or instead, the decoder may send a forced INTRA update signal to the encoder by external means (for example Recommendation H.245), or the decoder may use external means (for example Recommendation H.245) to indicate the loss of pictures to the encoder. A concealed picture may be inserted into the multi-picture buffer using the "Sliding Window" RPB mode. If a missing picture is detected when decoding a GOB or Slice layer, the concealment may be applied to the picture as if the missing picture had been detected at the picture layer.
U.5.3
Decoder Process for Sub-Picture Removal

Sub-Picture Removal may be used to reduce the amount of memory required to save multiple reference pictures. The memory reduction is accomplished by partitioning each reference picture into sub-pictures. While encoding, the encoder may remove sub-pictures from a reference picture in the multi-picture buffer. The strategy used by the encoder to decide which of the sub-pictures to remove is outside the scope of this document. The encoder signals to the decoder the size of the sub-pictures and which of the sub-pictures to remove using the enhanced reference picture selection (ERPS) layer. The bit-stream shall not indicate removing sub-pictures from the most recent picture checked into the multi-picture buffer to ensure that at least one complete reference picture resides in the buffer at all times. 

While it is suggested that the encoder refrain from referencing pixels in sub-pictures that it has removed, it is sometimes difficult to avoid doing so (e.g. when OBMC of Annex F is in use). In the event that the encoder references a pixel in a sub-picture that it has removed, the decoder shall reference the pixel at the same position in the closest temporally preceding picture from which a sub-picture containing the pixel has not been removed. The temporal order of the pictures in the multi-picture buffer is given by their TR field which is attached to them during the buffer management process as specified in this annex. If no temporally preceding picture contains the pixel, the closest temporally succeeding picture containing the pixel is used instead. 
The Sub-Picture Removal capability is negotiated by external means (e.g. Recommendation H.245). In addition, the decoder signals, also by external means, the minimum partition unit (MPU) which is described in terms of a minimum vertical and horizontal size (in macroblocks) of a sub-picture and the amount of memory it has available for its multi-picture buffer. Memory management is facilitated by the simple partition rules described below.

Each reference picture is partitioned into rectangular sub-pictures of equal size. The encoder specifies the sub-picture size which must be an integer multiple of the MPU. The vertical and horizontal dimensions of the sub-picture must be integer multiples of the minimum MPU sizes signaled externally by the decoder. The sub-picture dimensions must be sent with every INTRA picture but may be sent more frequently if desired. In addition, the upper-left-hand corner of the first sub-picture is coincident with the upper-left-hand corner of the reference picture. Consequently, the entire partition may be described by specifying the horizontal and vertical dimensions of a sub-picture. Sub-pictures may extend beyond the right and bottom boundaries of the reference picture. When a sub-picture that extends past the reference picture boundary is saved, the decoder may wish to set aside enough memory to save the entire sub-picture and not just the memory necessary to save the portion of the reference picture that lies within that sub-picture. A decoder designed such that each sub-picture occupies the same amount of memory will prevent the possibility of memory fragmentation.   

Whenever the sub-picture partition is changed against the currently used sub-picture partition the encoder must send the new sub-picture dimensions in the ERPS layer. A partition redefinition is recognized only if it is sent in the PLUS header of an INTRA picture. All pictures in the multi-picture buffer of which sub-pictures have been removed using the old partition shall be discarded.

{May be better to allow this to change only when multi-picture buffer is reset?}
U.5.4
Decoder Process for Multi-Picture Motion Compensation

Multi-picture motion compensation is applied if the NRPA field indicates the use of more than one reference picture. For multi-picture motion compensation, the decoder chooses a reference picture as indicated using the fields PR0, PR, PR2, PR3, and PR4 on the macroblock layer. Once, the reference picture is specified, the decoding process for motion compensation proceeds as described in section 6.1/H.263. 

In case four motion vectors per macroblock are used and the NRPA field indicates the use of more than one reference picture, the motion vector for both chrominance blocks is inherited from the first of the four motion vectors. For that, the motion vector for both chrominance blocks is derived by dividing the component values of the first of the four macroblock values by two, due to the lower chrominance format. The component values of the resulting quarter pixels resolution values are modified towards the nearest half pixel position as indicated in Table 18.
U.5.5
Decoder Process for Reference Picture Buffering

The buffering of the currently decoded picture can be specified using the reference picture buffering (RPB) mode. The buffering may follow a first-in, first-out ("Sliding Window") mode. Alternatively, the buffering may follow a customized adaptive buffering ("Adaptive Remove") mode which is specified by the encoder in the forward channel. 

The "Sliding Window" RPB mode operates as follows. Firstly the decoder tries to store the picture into an “unused” buffer. If such an unused buffer is available, this picture is stored into that buffer and assigned an default index zero. Then the default indices of all other pictures in the multi-picture buffer are incremented by one.  If there is no such unused buffer, the currently decoded picture shall be stored into the short-term buffer that contains the picture with the largest default index. This buffer contains the newly stored picture is then assigned default index zero and  the default indices of all other pictures in the multi-picture buffer  are incremented by one. 
In the "Adaptive Remove" RPB mode a specified picture may be removed from the multi-picture buffer while the currently decoded picture may be inserted with default index 0 in the buffer. It operates as follows. Firstly, if RPI indicates that a picture is to be removed from the multi-picture buffer, the picture with PN as given by the RPN field is removed from the multi-picture buffer. RPN corresponds to the difference between the PN of current picture and the PN of the picture that is to be removed. After removing this picture, which has a default index m, the default indices of all other pictures in the multi-picture buffer that have index greater than m are decremented by one. Secondly, if API indicates that the current decoded picture is added to the multi-picture buffer, the indices of all pictures in the multi-picture buffer are incremented by one and the current decoded picture is added to the multi-picture buffer with default index equal to zero.
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