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1. Introduction

This document discusses issue of layer identification in providing Improved Video Support (IVS). In order to provide unequal layer treatment, IVS layers need to be identified in EPC and EUTRAN. PDUs of different layer indication receive different treatment for forwarding or discarding according to radio condition or UE capability. Several options for layer indication are proposed for further discussion in IVS TR.
2. Background
2.1 Scalable Video Coding and Layer Indication
A key benefit of applying SVC in 3GPP is Unequal Error Protection (UEP) according to priority of video packets so that in a lossy or error-prone channel, UEs receives more essential layers safely at the cost of marginal coding overhead. Other benefit to consider is adaptive rate control of SVC streams of which the use case is presented and discussed in other document [1]. In the use case, it was proposed that node B may control transmission rate of SVC streams by discarding some less important layers when buffer overflow occurs. Therefore, it is concluded that efficient layer indication identifiable in EPC and EUTRAN is necessary for IVS (Improved Video Support).
Note that the primary clue to distinguish SVC layers is in NAL (Network Abstraction Layer) header which is located deep inside the IP payload. Figure 1 below describes typical PDU structure carrying SVC stream. In the figure, the NAL header is included in the payload of RTP packet. This means that whichever EPC node handles the SVC streams, e.g. BMSC or PSS server, deep packet inspection will be necessary. Once the NAL header information is translated, the layer information should be mapped in one of the proceeding headers, e.g IP or GTP header, in order to avoid repeated payload inspection. Otherwise, a content provider may need to indicate the layer information in IP header or in IP extension header.
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Figure 1 Format of an SVC video packet

Figure 2 below describes further detail of NAL structure. In current specification of NAL header (3bytes) [2], Dependency_id (3bits) field indicates spatial resolution (e.g. 352ⅹ288 or 704х576) and Temporal_level (3bits) indicates temporal resolution (e.g. 15 frames/sec or 30 frames/sec). The two fields are used for SVC layer indication, as a result, up to 256 SVC layers (=2**6) can be described. However in most mobile application, at most 8 layers (=2**3) may be sufficient, therefore minimum 3 bits of space will be necessary to indicate layer information. This document discusses several methods to indicate the layer information.
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Figure 2 Structure of NAL header (Numbers in the parentheses are numbers of bits.)

2.2 Issue of Position for Layer Indication and Packet Treatment
In the section above, it is discussed that deep packet inspection is necessary in order to translate NAL header information and to indicate IVS layers. The layer indication may be performed outside of PLMN prior to receiving the streams from contents provider, or it may be performed inside an EPC node. In this section, it is assumed that an EPC node, e.g. PSS server or BMSC, carries out the packet inspection and layer indication, as described in Figure 3 below. 
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Figure 3 Example for Layer Indication and Treatment
The PDUs marked with layer information, e.g RLC PDU or GTP PDU, receive discriminated treatment in EPC or EUTRAN. For example, when the capability of UE is known, PSS server may discard some higher layers of IVS stream in order to adapt to resolution of UE display. The PSS server may also provide different level of FEC protection to each layer. In EUTRAN, the condition of time varying channels is monitored and IVS streams may be transmitted via different channels of modulation and error recovery. PDUs of different layer indication may receive different treatment of forwarding or discarding, as shown in Figure 4 below.
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Figure 4  Adaptive QoS Control 
3. Proposed Methods for Layer Indication 
This section discusses some pros and cons of methods for IVS layer indication.

Use case 1 (MBMS) : A content server can multicast/broadcast to UE devices according to their capabilities in display and computation. Video packets of appropriate SVC layers are delivered to each UE. 

Use case 2 (PSS) : According to time-varying radio channel condition, video packets of appropriate layers are delivered to the receiving UE. If radio channel gets worse or the transmitting buffer is congested, video packets of higher layers (lower priority) are discarded for safer delivery of those of lower layers (higher priority).  
3.1 Use of IPv4/v6 Header Fields
The IVS layer information may be encoded using IPv4/v6 headers. Figure 5 below shows some locally adjustable fields in IP header. In IPv4 header, 8bits of ToS (Type of Service) field may be considered for carrying layer indication. In the case of IPv6 header, 8bits of TC (Traffic Class) or 20bits of Flow Label may be considered. 
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Figure 5 IPv4 header and IPv6 header

In discussion of RAN2 #66 [2], it was addressed that IP headers of streaming video may not need to be compressed because the ratio of header size compared to large payload is negligible. Therefore, we may assume that IP headers of IVS streams may be delivered to UE without header compression, hence some reserved bits in IPv4/v6 header may be used by BM-SC or PSS server for encoding layer information.

In current specification of TS23.203[3] and TS23.060[4], the bit pattern of the proposed fields may be referenced by PDN gateway and Serving gateway for the purpose of mapping IP packets to corresponding service data flows. However, this does not necessarily mean that the proposed fields shall not be usable because the layer indication does not affect the behavior of PDN gateway and Serving gateway. In other words, the gateways do not interpret the meaning of the ToS or TC field, but simply read the bit pattern of the fields for filtering. Therefore, it is safe for PSS server or BM-SC to re-assign the ToS or TC values for limited use in PLMN.

There can be other impacts to consider, and further investigation and discussion on this method should be included in current IVS TR.

3.2 Use of GTP TE-ID 

The QoS architecture defined in TS 23.401[5] specifies that EPS bearer identified by GTP TE-ID is associated with QCI (QoS Class Identifier) and ARP (Allocation and Retention Priority) parameters. EPS bearers with higher QCI and ARP value receive preferential treatment than others. Therefore, a straightforward method to implement IVS will be mapping IVS layers to multiple EPS bearers of different QCI and ARP values. 
Using this method, the base layer may be assigned the highest QCI and ARP values, and enhancement layers may be assigned lower values. In a situation of resource exhaustion, EPS bearers of lower priority (i.e. enhancement layers) may be preempted, as a result, users are guaranteed uninterrupted service at the price of lower video quality. EPS bearers of higher priority (i.e. base layer) may be enforced with higher error protection and modulation than enhancement layers, hence UEs may receive at least the base layer even in poor channel condition.
A tradeoff of this method is that it may unnecessarily overload EPC, EUTRAN and UE. For example, multiple EPS bearers have to be handled together for each session treatment or handover. Furthermore, current guideline for standardized QCI and ARP [3][5] recommends that allocation of the values should be per service, not for each subset stream of service. Therefore the impact to existing system and necessary change to current specification need to be examined.
3.3 Introducing new GTP-U Extension Header    
An improvement of the above GTP method is defining new GTU-U extension header for purpose of layer identification. This may require moderate impact in EPC, EUTRAN and UE, however the cost may be justified considering the efficiency achieved by handling single EPS bearer rather than multiple bearers per IVS session. Such user plane extension header may also be used for other purpose, e.g. for timing synchronization.
4. Conclusion
This document discusses how to exploit merits of MPEG-4/SVC (Scalable Video Coding) in 3GPP PSS and MBMS. MPEG-4/SVC will be very useful in heterogeneous environments in which UE devices and user preferences are heterogeneous and radio channel conditions are time varying. In order to exploit these merits, SVC layer of every video packet should be identified, at first, and then it should be treated according to its priority and current condition. Since multiple protocols are involved in such a video service, layer identification and prioritized handling can be performed in various different ways. This documentation recommends some possible solutions, which are not enough and require further investigation. 
5. Proposal

We propose to add new place holder for discussion on issue of IVS layer indication in current technical report “Study on Improved Video Support for MBMS and PSS”, and include above discussion as bases for further investigation of other options. We also propose to add the following requirement to the working assumptions:

· It should be possible for MBMS and PSS to indicate layer information of IVS in PDUs, e.g. RLC PDU or GTP PDU.

· It should be possible for MBMS and PSS to identify layers of IVS, and to provide preferential forwarding or discarding of PDUs.
· It should be possible for MBMS or PSS to provide unequal error protection or modulation of layers of IVS.
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