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1 Introduction

Currently, H.264 is the only video decoder recommended for MBMS in [1].  In the end of 2005, scalable codec had been specified as one of the important feature of H.264. In this contribution, the E-MBMS architecture to support scalable codec is discussed. 
2 Discussion
2.1 Scalable codec and SFN cell capacity
The nature of SFN transmission means the UE near the base station will experience higher SNR, so basically such user may enjoy better quality of service. As shown in Figure 1, for E-MBMS the guaranteed bit rate are the cell edge bit rate, which is about 4~5Mbps, capable to convey low definition mobile TV programmes. With the increase of SNR, the UEs in the middle area of the cell can enjoy mid definition Mobile TV programmes because the throughput would be 8~10Mbps. For the UEs near the base station, high definition mobile TV is possible as the throughput could be as high as 12~15Mbps.
Scalable codec can be used to provide the scalable QoS for the UEs of different locations.
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Figure 1 SFN Cell capacity
2.2 QoS codec layers

To analyze the SAE bearer service architecture, we assume there could be one/ multiple E-MBMS bearer services and/or one/ multiple SAE radio bearer services for different codec layers of the same E-MBMS user service. Thus, there are four alternatives at most.
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Figure 2 Bearer service architecture

For E-MBMS, the different codec layers can be transported on different SAE bearer, and thus there could be one or multiple bearers for these SAE bearers.
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Figure 3 Radio bearer selection

All the possibilities as listed in Figure 3. There two main categories: 
Alt 1: Different codec layers are transported on different IP flows, seen as different E-MBMS services

If different codec layers are transported on different IP flows, there would be multiple E-MBMS services. For each E-MBMS service, there is one SAE bearer established, so there are multiple SAE bearer services for the same E-MBMS user service (these SAE bearers are associated with one another).
For these E-MBMS services carrying the same E-MBMS user service, there are two options for SAE radio bearer establishment schemes.  

Opt1. Establishing one RB for all of the associated SAE Bearers
Different SAE bearers may have different QoS requirements. This relationship between RB and SAE bearer is quite different from current understandings of eUTRAN QoS architecture. 

Opt2. For each associated SAE Bearer, establish one RB
Comply with current architecture. There is no need to have multiple RLC entities for the same RB. Such mechanism enables the same mapping for scalable codec services and non-scalable codec services. Hence the scheme with single RLC entity is suggested.
Alt 2: Different codec layers are transported on the same IP flow, seen as the same E-MBMS service

The different codec layers can be transported on the same IP flow. Every packet is indicated by certain field about the codec layer information. Thus, there is only one E-MBMS service and only one SAE bearer is established.

There are two options for the SAE radio bearer establishment.

Opt1. Establishing multiple RBs for this SAE Bearer
The RB establishment for the E-MBMS services of single codec layer would be quite different from that for services of multiple codec layers.


Opt2. Establishing one RB for this SAE Bearer
The RB and RAB have one-to-one relationship.  To transmit different codec layers:
· Single RLC

The same logical channel may be treated differently by MAC. Thus additional indicators in RLC PDUs are needed. MAC may be more complex. 

If different codec layers are numbered by the same RLC SN and different codec layers are processed unsynchronized, the UE may receive the RLC PDUs out of sequence. Hence, this scheme may put some restrictions on the MAC processing rules.      


· One RLC for one (type of) codec layer

There are some fields of the PDCP packets to indicate which codec layer this packet belongs to. For unicast, the RLC PDUs handled by queue distributor from the same RLC would have the same priority class. However in this scheme, the queue distributor needs to check some additional indications and there may be problem for segmented RLC PDUs. 

Compared to Single RLC option, this scheme is proposed for alt 2.
Proposal 1: alt 1 is the work assumption and there is one to one mapping between SAE bear and SAE radio bearer. 
2.3 QoS parameters on S1

For E-MBMS, the SDU error ratio can not be guaranteed, because the UEs near the basestation would experience lower SDU error ratio which UEs far from basestation experiences higher error ratio. Thus the SDU error ratio is close related to cell coverage for E-MBMS. 

The scalable codec layers, there is one basic layer (BL) and one or multiple enhanced layer(s) (EL). Different codec layers have different QoS parameters and requirements, mainly referring to coverage. To facilitate the RB configuration and MAC scheduling/resource allocation, additional QoS parameters are needed. There three options to facilitate eNode B’s processing:

Opt 1: the SDU error ratio for BL and EL are configured as normal, but codec layer information, i.e. ‘BL’ or ‘EL’ is indicated in the SAE bearer QoS parameters. 
Opt 2: BL and EL are assumed to have same coverage. EL is indicated with a higher SDU error ratio in SAE bearer QoS parameters. This might be equivalent to option 1 from the receiver sided.
Opt 3: BL and EL are indicated by different priority values.

Generally option 1 is preferred, because Codec layer indication directly shows the association of different codec layers and this is different from priority. It is clearer and more direct for MBMS coordinator entity to take suitable RB assignment than just reducing the SDU error ratio requirement. The codec information can facilitate the proper configuration of physical layers, e.g. when hierarchical modulation is used.
The EL is meaningless if the BL is not transmitted. So the association information of different codec layers is needed for resource allocation.
Proposal 2: Additional QoS parameters signalled on S1, i.e. codec layer information (BL or EL) of the E-MBMS bearer service.
Proposal 3: Association information of different SAE bearer services are provided, e.g. in MBMS Session Start.

2.4 Logical channel and transport channel configuration

Hierarchical modulation is considered an efficient technique to transmit different codec layers for broadcast system [2]. In [3], the simulation result shows that the hierarchical modulation has some gains over TDM or FDM multiplexing schemes. In hierarchical modulation, the different codec layer streams are mapping to the same constellation diagram. The different codec layers use the same time/frequency resources. Because different codec layers are suggested to be carried on different SAE bearers, the hierarchical modulation can be designed as a mapping scheme for two data streams that use the same time/frequency resources.
To support hierarchical modulation for different codec layers, the following logical and transport channel structure is proposed. As shown in Figure 4, one RLC entity is created for one SAE radio bearer. For the transport channel, we prefer defining separate MCHs for different codec layers, where all the basic layers of different E-MBMS services are carried on the same shared transport channel, MCHBL, enhanced layers on MCHEL, where MCHBL and MCHEL use the same time/frequency resources.
Under such structure, the processing of different SAE radio bearers are more independent and bring less impact on current architecture.
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Figure 4 Logical and transport channel structure
For multicast single-cell transmission, HARQ may be supported. Since the two codec streams have different QoS requirement and then different robustness, the separate HARQ entities are needed. Hence, separate MAC entities are needed, and one MAC entity goes with one HARQ entity. The PDUs to be retransmitted can be hierarchical modulated with the following PDUs of the other codec stream without any restriction.
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Figure 5 Logical and transport channel structure for multicast single-cell transmission
The proposed channel structure enables eNode B to process the different codec layers just like any single codec layer services, because the specific processing is at physical layer, before which the same user plane architecture is reused.

Proposal 4: separate RLC for E-MBMS bearer service carrying different codec layers.
Proposal 5: Separate MCH for different layers. Only one basic layer plus one enhanced layer are assumed as baseline.
3 Conclusion

In this contribution, the structure to support scalable codec is discussed. It is proposed to discuss and accept the following proposals:
Proposal 1: alt 1 is the work assumption and there is one to one mapping between MBMS SAE bear and MBMS radio bearer. 

Proposal 2: Codec layer information is needed to be signalled on S1 to facilitate RB configuration.
Proposal 3: Association information of different SAE bearer services are needed to be provided to facilitate RB configuration, e.g. in MBMS Session Start.

Proposal 4: separate RLC for E-MBMS bearer service carrying different codec layers.
Proposal 5: Separate MCHs mapping to the same physical resource blocks for different layers. Only one basic layer plus one enhanced layer are assumed as baseline.
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