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1 Introduction

The candidate 
for the MBMS channel concept is the possibly 
modified FACH/S-CCPCH concept. Independent of a detailed definition of this concept it should be analysed in principle how to multiplex multiple TrCHs carrying MBMS services (named MBMS-TrCH).

This paper discusses different ways for multiplexing of MBMS-TrCHs in case of p2m transmission.

2 Multiplexing of MBMS services

MBMS services may be multiplexed in three different ways: TrCH multiplexing, time multiplexing and code multiplexing.
2.1 TrCH multiplexing

In this approach multiplexing of MBMS-TrCHs is realised in the same way as for dedicated TrCHs in current releases of 3GPP Specifications. There is only one Coded Composite Transport Channel for all MBMS services (MBMS-CCTrCH) and UTRAN is allowed to multiplex all MBMS-TrCHs in an arbitrary manner out of a predefined TFCS.

For every TTI it must be signalled to the UEs which MBMS-TrCHs are multiplexed together. This could be done e.g. by a TFCI on the physical channel carrying MBMS traffic but there could also be other solutions. However, this information allows UEs to process only that MBMS-TrCH(s) they are interested in.

The main problem of this approach is that a UE has to despread data of all MBMS-TrCHs multiplexed in the same TTI, although it is possibly interested in only one MBMS-TrCH. This results in additional processing and memory efforts for MBMS-UEs. However, this is not in line with the RAN MBMS requirement “MBMS should allow for low UE power consumption.” in [4].

For example, if three MBMS services with 32 kbps each are multiplexed onto the same MBMS-CCTrCH, the overall data rate is 96 kbps. In this case a 64 kbps class UE wouldn’t be able to receive any of the 32 kbps MBMS services (see figure 1). 

Simulation results have been presented showing that there could be a shortage of Tx power for MBMS services [1] and that some kind of power control (or dynamic power setting) for MBMS services could make sense in some cases [2,3]. However, if TrCH multiplexing is applied to MBMS-TrCHs, it is impossible to carry out power control for a single MBMS service. So, power control must be performed over all MBMS services that are active in a cell. The power needed to satisfy all MBMS-UEs would be much higher than in the case of power control per MBMS service. The benefits of power control would be negligible.
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Figure 1: TrCH multiplexing – Principle illustration of data rate distribution over several TTIs for MBMS services on a single MBMS-CCTrCH. Data rate distribution can also vary from TTI to TTI, so this is just a simple illustration.
2.2 Time multiplexing

In this approach multiplexing of MBMS-TrCHs onto the same MBMS-CCTrCH is realised with the restriction that only one MBMS-TrCH is ‘active’ per TTI. This restriction may be obtained by allowing only Transport Format Combinations (TFC) in the TFCS that include maximal one MBMS-TrCH with TransportBlockSetSize > 0.

Similar to the first approach for every TTI it must be signalled to the UEs which MBMS-TrCH is active. This could also be done e.g. by a TFCI.

The advantage of this approach is that MBMS-UEs have only to despread the TTI carrying MBMS data they are interested in. However, this approach results also in higher processing and memory efforts for MBMS-UEs. For example, if three MBMS services with 32 kbps each are time multiplexed then each MBMS service is ‘active’ every third TTI. This results in a data rate of 96 kbps per TTI in order to achieve an average data rate of 
32 kbps for each MBMS service. Also in this case a 64 kbps class UE wouldn’t be able to receive any of the 32 kbps MBMS services (see figure 2).

Power control could be carried out for each single MBMS service but it should be mentioned that this could lead to heavy variations of Tx power on TTI basis.
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Figure 2: Time multiplexing – Illustration of data rate distribution over several TTIs for MBMS services on a single MBMS-CCTrCH. Longterm data rate is the same as in figure 1 for each MBMS service.

2.3 Code multiplexing

In this approach no multiplexing of MBMS-TrCHs is realised. There is one MBMS-CCTrCH and one Physical Channel for each MBMS service. MBMS-UEs have to despread and process only MBMS traffic they are interested in. All disadvantages of the above discussed approaches are not existent in this approach.

However, code multiplexing has also a drawback. Let us assume that a MBMS user has activated n MBMS services at the same time and these n services are transmitted synchronously in the cell. In this case the MBMS-UE has to receive n channelisation codes in parallel and has to support n simultaneous MBMS-CCTrCHs. This means that the UE complexity increases with increasing number of MBMS services that should be received by a MBMS-UE simultaneously. Nevertheless this is in line with the RAN MBMS requirement “Simultaneous reception of more than one MBMS services shall depend upon UE capabilities” in [4].

2.4 Combination of Time multiplexing and Code multiplexing

As mentioned above, each of the multiplexing approaches has drawbacks. Therefore it might be a good idea to find a trade off by combining two of them. As an example here we discuss time multiplexing and code multiplexing as the most appropriate combination.

It should be allowed for UTRAN to time multiplex a certain number of MBMS-TrCHs per MBMS-CCTrCH and additionally to use as many MBMS-CCTrCHs as needed. Therefore UTRAN can apply different strategies to arrange the combination. However, for the strategies UTRAN can’t take into account the UE situation in the cell (e.g. UE capabilities, and what combination of MBMS services the UEs are activated for) because UTRAN doesn’t have any knowledge about this. 

The following examples show that it might be a good strategy for UTRAN to multiplex services with small data rates to one MBMS-CCTrCH and to occupy an own MBMS-CCTrCH for each high data rate service.

Assumptions for examples:

· UTRAN should be allowed to time multiplex maximal 2 MBMS-TrCHs with the same data rate on one CCTrCH.

· In a certain cell UTRAN has to transmit 8 MBMS services (S1, …, S8).

· An UE in this cell is activated for four services out of them (S1, …, S4).

· The UE is assumed to support 128 Kbps data rate with maximum 2 simultaneous MBMS-CCTrCHs (in this example additional CCTrCHs for paging/notification and dedicated traffic should be out of scope).

Example 1: each MBMS service has a 8 Kbps data rate

The minimum number of MBMS services that the UE is able to receive simultaneously is CCTrCH restricted. This means that the UE is guaranteed to receive at least 2 services simultaneously, e.g. when UTRAN multiplexes S1/S5, S2/S6, S3/S7 and S4/S8 (see figure 3). 

Nevertheless in other multiplexing arrangements the UE might be able to receive more than 2 MBMS services. For example when UTRAN multiplexes S1/S2 and S3/S4 the UE is able to receive all of his activated services (see figure 4).

Example 2: each MBMS service has a 64 Kbps data rate

The minium number of services that the UE can receive simultaneously is data rate restricted. The UE is guaranteed to receive at least 1 service simultaneously, e.g. when UTRAN multiplexes S1/S5, S2/S6, S3/S7 and S4/S8. That is the worst case for this UE.

In the best case this UE can receive two of its activated services (when UTRAN multiplexes S1/S2 or S3/S4).

Example 3: each MBMS service has a 128 Kbps data rate

The number of services that the UE can receive simultaneously is of course data rate restricted. The UE is not guaranteed to receive any of its activated services, e.g. when UTRAN multiplexes S1/S5, S2/S6, S3/S7 and S4/S8. That is the worst case for this UE.

In the best case this UE can receive one of its activated services (when UTRAN applies an own CCTrCH for e.g. S1).
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Figure 3: Illustration of the worst case for the UE in example 1. UE is activated for the green coloured MBMS services. The UE can only receive 2 of its activated services because it supports only 2 simultaneous MBMS-CCTrCHs.
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Figure 4: Illustration of the best case for the UE in example 1. UE is activated for the green coloured MBMS services, so it can receive all of them because it supports only 2 simultaneous MBMS-CCTrCHs.

3 Summary and Conclusion

This contribution discusses different multiplexing schemes for MBMS:

· TrCH multiplexing

· Time multiplexing

· Code multiplexing

TrCH multiplexing seems not to be appropriate for MBMS whereas code multiplexing looks like the most reasonable scheme. It was also shown that a combination of time multiplexing and code multiplexing might result in a good trade off between the different drawbacks of the basic schemes.

Other MBMS techniques might depend on the multiplexing scheme and vice versa. Therefore it is recommended  that this topic should be taken into account in further discussions in RAN WG1.
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