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Introduction

No decisions on modalities for logical/transport channel multiplexing in case of ptm transmission for MBMS have been reached yet. However, it seems that ptm MBMS radio bearer will be mapped on S-CCPCH physical channel. In general channel multiplexing for MBMS can be done on L1 and L2. A criterion to perform L2 multiplexing can be QoS requirement for packets transmitted on logical channels (e.g. packets from logical channels with similar QoS requirements should be transmitted to use radio resources efficiently). This contribution concentrates on multiplexing of logical channels (L2 multiplexing). 

Multiplexing of logical channels can be very flexibly handled when using TCTF and MBMS-ID inband identifications [1], but certain limitations can be foreseen when considering the impacts of different multiplexing configurations on  S-CCPCH selection procedure, minimum UE capabilities and efficiency of utilising radio resources. This contribution aims at clarifying pros and cons for several feasible cases of logical channel multiplexing by analysing these impacts.  
Discussion

Scenarios for Logical Channel Multiplexing   

MCCH and MTCH are defined as logical channels used for transmission of service specific signalling and user data in case point-to-multipoint MBMS bearers are used [1]. These channels are further mapped to FACH transport channel and then to S-CCPCH physical channel. MCCH and MTCH can be multiplexed to a single FACH transport channel by using TCTF multiplexing. An additional inband notification, MBMS-ID can be used for transmitting several services on MTCH logical channel.

For analysing logical channel multiplexing options we define following three scenarios. 

Scenario 1: MCCH and MTCH logical channels are multiplexed on a single FACH that is mapped on S-CCPCH, PCCH is transmitted on a separate S-CCPCH,

Scenario 2: PCCH and MCCH  logical channels are multiplexed on a single FACH that is mapped on S-CCPCH, MTCH is transmitted on a separate S-CCPCH and 
Scenario 3: PCCH and MCCH logical channels are multiplexed on a single FACH that is mapped on S-CCPCH, MTCH is multiplexed with DTCH/DCCH logical channels transmitted on a separate S-CCPCH.
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Fig 1. Different multiplexing scenario
Analysis of Different Scenarios 

Scenario 1

The S-CCPCH selection procedure (annex) for the first scenario remains unchanged for Rel99/4/5 UEs while certain changes are expected for selection procedure of the S-CCPCH carrying multiplexed logical MCCH and MTCH transport channels. This would most probably involve introducing additional MBMS-specific entry in SIB 5. To receive paging for dedicated signalling without interrupting delivery of MBMS related control information and data, UEs in idle mode and in Cell/URA_PCH states of the connected mode may need to receive two S-CCPCHs simultaneously. The same applies for the capability in the Cell_FACH state of the connected mode assuming that another S-CCPCH is used for transmitting data. Finally, we note that streaming as a typical service for MBMS may require more or less constant bandwidth while control information transmitted on MCCH may be of relatively bursty nature (see e.g. [3]). Therefore, multiplexing MCCH and MTCH may not be very efficient from resource utilisation point of view.  
Scenario 2

In the second scenario the S-CCPCH selection procedure is backwards incompatible in case the PCCH is used for dedicated paging; at the same time the selection procedure for Rel6 MBMS UEs should be enhanced by most probably introducing an additional MBMS-specific entry in SIB 5. To receive paging for dedicating signalling without interrupting delivery of MBMS related control information and data, it suffices that UEs in idle mode and in Cell/URA_PCH states of the connected mode receive single S-CCPCH. However, it would be required that in Cell_FACH state of the connected mode three S-CCPCHs are received in case dedicated data are transmitted. Finally, it can be noted that this procedure is efficient from radio resource utilisation point of view relative to the first scenario. 
Scenario 3

Typical MBMS data rates are foreseen to be in the range from 8 to 256 kbps, while certain enhancements are at the same time proposed for S-CCPCH (STTD, longer TTI) in order to handle higher data rates. In certain cases it may be beneficial to support multiplexing of DTCH/DCCH logical channels with MTCH as described in the third scenario. The conclusion on UE capabilities in this case is the same as in the second scenario. As argued in [5], to access the dedicated data on S-CCPCH, Rel99/4/5 UEs may be forced to process and discard substantial amount of MBMS related data and hence it is proposed to adopt described multiplexing for Rel6 MBMS UEs only.  
Table 1 provides a comparative evaluation of proposed multiplexing methods.    
Table 1. Comparative evaluation of multiplexing methods
	
	S-CCPCH selection procedure
	UE capability

	Efficiency

	Scenario 1
MCCH + MTCH -> FACH->S-CCPCH, 

PCCH->PCH->S-CCPCH
	Unchanged for Rel99/4/5 UEs, changes expected for Rel6 MBMS UEs 
	Simultaneous reception of two S-CCPCHs in idle mode and in Cell/URA_PCH and Cell_FACH states of the connected mode 
	Medium

	Scenario 2
PCCH + MCCH->FACH->S-CCPCH, 

MTCH->FACH->S-CCPCH
	Changes expected for both Rel99/4/5 and MBMS UEs
	Reception of one S-CCPCH in idle mode and in Cell/URA_PCH states of the connected mode; simultaneous reception of three S-CCPCHs in Cell_FACH state of the connected mode.    
	High

	Scenario 3
PCCH+MCCH->FACH->S-CCPCH, 

MTCH + MCCH->FACH 

 ->S-CCPCH
	Changes expected for both Rel99/4/5 and MBMS UEs
	Reception of one S-CCPCH in idle mode and in Cell/URA_PCH states of the connected mode; simultaneous reception of three S-CCPCHs in Cell_FACH state of the connected mode.    
	High


Conclusion
This contribution analysed three different scenarios for MBMS ptm logical channel multiplexing against the impacts on S-CCPCH selection procedure, UE capability and efficiency. 

Considering the result of the analysis (Table 1),  it is proposed to agree that multiplexing of MTCH/MCCH on a single S-CCPCH is not feasible from efficiency point of view. For another two options it may be useful to further consider the influence on backwards compatibility of S-CCPCH selection procedure and requirements for UE capabilities against efficiency gain in order to make a final decision. 

Annex: S-CCPCH Selection Procedure 

When entering RRC connected mode from RRC idle mode by sending an RRC CONNECTION REQUEST message, the UE shall select the S-CCPCH that carries an FACH to be used for reception of the RRC CONNECTION SETUP message according to the following rule [2]:

-
The UE shall select an SCCPCH from the SCCPCHs listed in System Information Block type 5 (SIB 5) based on "Initial UE Identity" as follows:


"Index of selected SCCPCH" = "Initial UE Identity" mod K,


where K is equal to the number of listed SCCPCHs which carry a FACH (i.e. SCCPCHs carrying PCH only shall not be counted). These SCCPCHs shall be indexed from 0 to K-1 in the order of their occurrence in SIB 5, and "Index of selected SCCPCH" identifies the selected SCCPCH. "Initial UE Identity" refers to the Information Element included by the UE into the RRC CONNECTION REQUEST message. 

When paging channel is selected, following procedure is applied.

In case that more than a single PCH and associated PICH are defined in SIB 5, the UE shall perform a selection according to the following rule:

-
The UE shall select a SCCPCH from the ones listed in SIB 5 based on IMSI as follows:


"Index of selected SCCPCH" = IMSI mod K,


where K is equal to the number of listed SCCPCHs which carry a PCH (i.e. SCCPCHs carrying FACH only shall not be counted). These SCCPCHs shall be indexed in the order of their occurrence in SIB 5 from 0 to K-1.
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� UE capabilities are defined assuming that receiving dedicated paging/data should be possible without  interrupting the reception of MBMS and related control information. 
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