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7.2 Solutions
7.2.x Graceful Degradation
7.2.x.1 Rate Adaptation for PSS using priority-based transmission scheduling

This solution is related to the use case “Rate adaptation in PSS when entering bad reception conditions” (section 5.2.4.1).

In order to overcome outages and phases with reduced bit rate, a priority-based transmission scheduling (PBTS) algorithm may be used to pre-buffer larger amounts of more important data for longer playout than data with less importance for the resulting video playout quality. The adaptation of the transmission scheduling and the media rate is based on buffer status reports from client to PSS server as depicted in Figure 1.
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Figure 1: Transmission scheduling and media rate adaptation based on priority based buffer status reports
When the PSS streaming client enters difficult reception conditions, the available bit rate may no longer be sufficient for the transmission of the highest quality. Dependent on the buffer reports, the PSS streaming server adapts the media stream bit rate to the quality of the available service bit rate. If the clients’ reception condition allows a higher quality, the transmission schedule is adapted to allow rebuffering of the PBTS buffer to the maximum quality of the available service bit rate. A full receiver buffer for PBTS and standard scheduling is depicted in Figure 2. 
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Figure 2: Priority (PBTS) buffer using different qualities (Q1, Q2 and Q3) vs. standard buffer with one quality (Q), with t+y respectively t being the maximum sustainable outage time
Although PBTS can be based on H.264/AVC temporal scalability (AVC-PBTS) as shown in [10] [11], SVC has the handy advantage to allow bit rate reduction using SNR fidelity or spatial scalability instead of relying on pure temporal scalability as shown in [12].

Using the coding structure of the Medium Grain Scalability (MGS) as depicted in Figure 3, parts of the enhancement layer can be dropped while still providing an acceptable video quality.  Dynamic bit-rate control with graceful quality degradation is possible if transport packet carrying enhancement layer can be dropped in the case of resource depletion. 
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Figure 3: MGS coding structure

In Figure 4, the resulting PSNR is given for an exemplary test streams with the same maximum quality for H.264/AVC-based temporal scalability and SVC MGS SNR scalability with a bit rate overhead of 10% for SVC. 
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Figure 4: Bit rate reduction using SVC MGS SNR scalability and H.264/AVC temporal scalability for the test sequences at same maximum quality assuming a bit rate overhead of 10% for SVC

In this example SVC allows an adaptation of the service bit rate between 430 kbps and 150 kbps without any reduction in frame rate.
7.2.x.2 Unequal error protection with SVC
The presented solution is related to the use case “Graceful Degradation in MBMS services when entering bad reception” conditions (section 5.2.4.2), “Combined support of heterogeneous devices and Graceful Degradation” (section 5.2.4.4).
The layered structure of SVC allows for transmission of the video in separate network streams. This can be used to offer broadcast services which allow use cases like the support of heterogeneous devices (section 5.2.3.1), graceful degradation behaviour (section 5.2.4.2), conditional access (section 5.2.4.5) or combinations of those (section 5.2.4.4). SVC allows services providing different quality steps either by temporal, spatial, fidelity scalability or combination of those.
Due to coding dependency between layers, SVC layers have different level of significance.  Additional protection can be given to lower layers while sacrificing higher layer protection. This requires for PSS server or BMSC capability to identify layer information of SVC stream, and the information of channel quality, available bit rate, etc. The PSS server and BMSC generate protection bits adaptive to radio condition.
Figure 5 (a) and (b) shows the difference of Equal Error Protection (EEP) and Unequal Error Protection (UEP).
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Figure 5 (a),  EEP (Equal Error Protection): Packets are protected equally regardless of their significance.
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Figure 5 (b), UEP (Unequal Error Protection): The more significant packets are protected by the more parity packets.
The effect of UEP compared to EEP is Mathematical.
The analysis and simulation results also show that UEP better performs than EEP in lossy wireless condition [8][9]. Figure 6 below shows comparison of PSNR in the case of Forman and Stefan test-sequence. 
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Figure 6  Comparison of PSNR performance in test-sequence of Forman and Stefan
Another application of UEP is that service can provide with different quality levels of different robustness as depicted in 7. In this exemplary figure, there are two layers with different robustness. UEs in good reception conditions will receive the highest quality and UEs entering worse reception conditions can still receive the base layer, which results in a drop in quality when entering bad reception conditions.
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Figure 7: Unequal error protection with SVC either with temporal, spatial or fidelity scalability or combinations of those.
Such a differentiation in robustness of the scalable layers can be applied by a MBMS server using: 

- different transmission powers
- different modulation schemes
- different code rates at the link or application layer forward error correction (FEC)
- or combination of these
- ??????

Combined support of heterogeneous devices 

In the case an MBMS service already has to support heterogeneous devices (e.g. QVGA@12.5fps and VGA@25fps), the use of SVC saves bit rate compared to a H.264/AVC simulcast transmission. While such a service already incorporates different quality layers, a graceful degradation can be applied by a differentiation of the robustness of the incorporated quality layers. Therefore in such a scenario, the Graceful degradation behaviour comes for free.
7.2.x.3 Rate Control in Traffic Congestion
The use case described in section 5.2.4.3 "Graceful Degradation in Traffic Congestion" shows the benefit of SVC in controlling traffic congestion. In the situation of temporal congestion, SVC video streams may sacrifice itself for other QoS sensitive traffic, e.g. voice, with acceptable quality degradation. 

The coding structure of Medium Grain Scalability (MGS), as illustrated in figure 3,  allows random packet dropping in enhancement layers. Due to the heavily meshed coding dependency, part of the enhancement layer can be dropped and offers reduced bit-rates for other traffic flows. 
Figure 8 describes a rate control engine employed in user plane. In figure 8, it is assumed that access stratum PDUs, e.g. RLC, GTP, are marked with layer information, and the rate control engine use the information for packet dropping.
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Figure 8 Selective packet discarding at eNodeB

7.2.x.4 Layer Indication and PDU Handling in Access Stratum
In order to support graceful rate control or discriminated packet forwarding using SVC information, an efficient layer indication method identifiable in access stratum is necessary. However in current user plane architecture, this may not be feasible because access stratum have no knowledge of application stratum. Therefore a method for translating SVC information and indicating the information in transport PDUs is necessary. 

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 a PSS server or BMSC carries out the packet inspection and layer indication into transport PDU.

In video packets, the primary clue to distinguish SVC layers is in NAL (Network Abstraction Layer) header, which positioned in deep inside the IP payload. Figure 9 below describes typical PDU structure carrying SVC stream. In the figure, the NAL header is included in the payload of RTP packet. Therefore, deep packet inspection is necessary in BMSC or PSS server. Once the NAL header information is translated, the layer information should be mapped in one of the proceeding transport headers, e.g IP or GTP header, in order to perform discriminated treatment at access stratum.
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Figure 9 Format of an SVC video packet

Figure 10 describes further detail of NAL structure. In current specification of NAL header (3bytes), 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. 
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Figure 10 Structure of NAL header (Numbers in the parentheses are numbers of bits.)
The SVC layer information can be indicated using following methods.

Solution 1: Use of IPv4/v6 headers. 
Figure 11 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 11  Proposed fields in IPv4 and IPv6 header

In discussion of RAN2 #66 [4], 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.

Note: In current specification of TS23.203[5] and TS23.060[6], 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 behaviour 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.
Solution 2 : Use of GTP TE-ID 
The QoS architecture defined in TS 23.401[7] 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. 
Solution 3:  Introducing new GTP-U Extension Header    

New GTU-U extension header may be defined for purpose of layer identification. This enables multiplexing SVC layers into single EPS bearer, as a result, reduces overhead in core and access nodes. Another possibility is that the SVC layer information can be incorporated with user plane synchronization header. 
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