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1. Introduction

This contribution describes the discussion issue of the time-shifting service as one of the IPTV services. Time-shifting service has been often discussed as PVR (Personal Video Recorder) and NVR (Network Video Recorder) according to the location where the content is saved, or sometimes IP broadcast TV with trick mode for the time-shifting service for the IP broadcast TV. In this contribution, we define the time-shifting service and then describe the architecture and requirements of the service. 
2. Time-shifting service 

2.1. Definition
An IPTV service in which subscribers can access (pause, rewind, fast forward, and etc) IPTV contents without time limitation. Therefore, this service is assuming that the IPTV contents are saved in a repository for later use.
In a traditional TV service the time shifting service has been provided by the recording functionality such as VCR (Video Cassette Recorder). Then, some products using hard drive instead of tape are starting to prevail while supporting some fancy services such as automatic recording with key words, the name of actor, and etc, which is called as DVR (Digital Video Recorder) or PVR (Personal Video Recorder). TiVo and its various OEM products with TiVo license are the representative products of that kind. 
Note that the content should be stored so that subscribers can retrieve it later. The PVR devices are storing the contents in local hard drive. We can call this approach as subscriber-based time-shifting service. However, if we consider some cases in which it is not appropriate to save the contents locally. For example, if the IPTV terminal is PDA, the size of hard drive is limited. The network-based time-shifting mechanism is needed for those kinds of cases, which is also called as NVR (Network Video Recorder). Examples of network-based time-shifting service include nCube's nPVR solution and Concurrent's Personal Video Channel (pVC) solution. In those solutions, hard drives are located at the network head-end as opposed to the subscriber's set-top box. In the network-based time-shifting service, the broadcasting traffic is transformed into on-demand traffic and service providers can leverage their existing VOD infrastructure already in place. Subscribers sign up for specific network-based time-shifting service and storage limits, and the service provider then gives them access to the IPTV content as it is delivered to their own terminals.

In summary, we can define two types of time-shifting service, subscriber-based and network-based time-shifting services in IPTV. In the following chapter, we are going to show the time-shifting service architecture according to the service types which is supported in the time-shifting service. Then, we are going to propose some requirements of the service. 

2.2. Time-shifting service architecture
Time-shifting service architecture can be explained in two representative service types, channel service and on-demand service. 
Figure 1 shows the time-shifting service architecture for channel service. A separate time-shifting server is positioned between IP broadcasting server and terminals. Note that the time-shifting server may not be a separate server, which means that a channel server such as IP broadcasting server or a content server such as VoD server can have the functionality. If a subscriber wants to receive time-shifting service, he or she has to enable it first. Then the channel that he or she is watching now is also transmitted to time-shifting server in order to be saved. Note that if there is another user which enabled the time-shifting service for the same channel, service provider does not need to save the channel for each subscriber. If he or she wants to pause, fast forward, fast backward, slow forward, slot backward, or jump to previous/future frame after some time after when he or she enabled the time-shifting service, subscriber’s set-top box accesses the time-shifting server and receives unicast streaming from it with the capability of moving freely forward and backward in the channel. 

Figure 2 shows the time-shifting service architecture for on-demand service. A separate time-shifting server can be used in this architecture. However, VoD server basically can have the functionality in it. Mostly there is no need of separate server. Time-shifting is enabled in the VoD streaming service by default. A subscriber can pause, fast forward, fast backward, slow forward, slot backward, jump to previous/future frame, and etc.
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Figure 1. Time-shifting architecture for channel service.
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Figure 2. Time-shifting architecture for on-demand service.

2.3. Time-shifting service requirements in IPTV

We can list the requirements to support time-shifting service in IPTV as follows. With more discussion with people who is interested in this subject, we need to elaborate the requirements.
2.3.1. User requirements

· Service providers should provide program schedule which include detailed program information such as actor names, title, air date and time, channel, genre, and etc in a standardized format. The standardized format should be discussed in a metadata issue as a separate issue.
· The time-shifting service can be run manually or automatically using program schedule and information after once a subscriber set his or her preference.

· EPG has to support the interface in which subscribers can set his or her preferences.

· Subscribers can choose the encoding format before starting to store the contents considering their own terminals’ capability. 
· That is, after enabling time-shifting for IPTV content, he or she can retrieve and see the content with the other terminal. For example, he or she was watching IPTV at home with time-shifting enabled, but he had an emergency to move to the other place. After moving to the other place, if he or she wants to see the program with PC, service provider have to support this. This requirement is related to the place-shifting service which will be addressed in a separate contribution.

2.3.2. Network provider requirements

· The network should support enough QoS for time-shifted IPTV content. 
2.3.3. Service provider requirements

· Service provider can charge the bills according to the supporting number of encoding formats.

3. Proposal

This contribution is proposed to define time-shifting service and describe its architecture and requirements on IPTV architecture.
___________
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