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1. Introduction
Multiplexing MBMS and unicast data is one of the major discussions in RAN1 currently. In this contribution, we describe LGE’s view points on FDM/TDM of MBMS and unicast, and discuss the transport channel mapping of MTCH considering the related physical channel structure.

2. Multiplexing MBMS and unicast
2.1 Intra-subframe FDM and inter-subframe TDM of MBMS and unicast
In this section, we discuss the multiplexing methods of MBMS and unicast. It should be noted that in this contribution, MBMS means a ‘multi-cell’ MBMS which supports single frequency network (SFN) operation.
Before going into details, we put the followings as basic requirements for the subframes which contain multi-cell MBMS traffic.
- L1/L2 control signalling such as ACK/NACK or scheduling for uplink transmission should be supported.

- Cell-specific DL reference signal should be transmitted to support L1/L2 control signalling above and DL channel measurement.
- Multi-cell-common DL reference signal is transmitted for SFN operation.

Then, there are two options of multiplexing MBMS and unicast as follows currently.
(Option 1) Intra-subframe FDM of MBMS and unicast. The amount of frequency resource sharing between MBMS and unicast can be set by operator in a semi-static way.

(Option 2) Inter-subframe TDM of MBMS and unicast. Intra-subframe FDM of MBMS and unicast is allowed only in case of 20 MHz transmission bandwidth by allocating a 10 MHz band to MBMS traffic and another 10 MHz band to unicast traffic.
Both option 1 and option 2 should support signalling of RB allocation and MCS for the MBMS traffics and signalling of the subframes which contain MBMS traffics in a semi-static way in advance for DRX at UE side. Therefore, there doesn’t seem to be much difference between (option 1) and (option 2) in signalling aspects.
Then, the main benefits of each option seem to be as follows.

By (option 1), a cell can use the remaining Tx power for MBMS traffic when the maximum Tx power cannot be fully used for unicast traffic due to the inter-cell interference limited situation.

By (option 2), an operator is prevented from reducing the benefits of UE power saving by reducing the instant MBMS Tx rate unnecessarily.

It seems that the benefit of (option 1) is achieved by reducing the benefit of (option 2) in most cases. That is to say, Tx power resource remaining due to the interference limited situation will be relatively small in many cases, which means that MBMS transmission have to be more frequent in time domain. This will reduce the duration of DRX of MBMS-receiving UEs. However, we may not totally exclude the possibility that the MBMS traffic is small enough to transmit by the remaining power resource.
According to the discussion above, (option 2) may fit most situations, but (option 1) may have benefits in some limited situation.

2.1 Transport channel and physical channel mapping of MTCH
Possibility of mapping ‘single cell’ MTCH to DL-SCH is under general agreement in current discussion. In this section, we discuss the transport channel and physical channel mapping of ‘multi-cell’ MTCH. There are mainly two options for the multi-cell MTCH mapping as follows.
(Option 1) mapping multi-cell MTCH to DL-SCH

In this option, MTCH is mapped to DL-SCH as like other unicast traffic or single cell MTCH. Control signalling such as MCS or RB allocation for MBMS traffic is also transmitted by normal control channel for DL-SCH. A UE doesn’t need to distinguish a control signalling for MBMS from that for downlink unicast before it decodes the control signalling. Anyhow, the control signalling need not be transmitted every subframe where MBMS is transmitted, but can be transmitted by a much longer cycle as in persistent scheduling.
To discuss this option, we assume the followings as basic requirements.

- Control signalling from multiple cells for multi-cell MBMS should be combined at UE side as well as MBMS traffic. In our point of view, this is necessary since signalling for MBMS should support at least the same coverage with MBMS traffic.

- It is desirable that downlink control signalling structure for UL unicast does not change depending on whether MBMS traffic is transmitted in a subframe or not. In the same line, the time-frequency resource reserved for the control signalling for UL unicast can span over whole bandwidth. 

- Cell specific DL reference signal should span over whole bandwidth to support the channel quality measurement or the demodulation of control signalling for UL unicast.
With the assumptions above, it seems to be difficult to put the control signalling for multi-cell MBMS onto the same control channel for downlink unicast. That is to say, a UE should be able to distinguish between downlink control channel for MBMS and downlink control channel for downlink unicast to benefit from the multi-cell transmission of downlink control channel for MBMS.
Fig. 1 shows the examples. In the structure of example (a), UE should use multi-cell pilot signal to demodulate control signalling for multi-cell MBMS. This means that UE should distinguish control signalling for multi-cell MBMS from that for unicast to know which pilot signal should be used for the demodulation. In the structure of example (b), UE doesn’t need to distinguish control signalling for multi-cell MBMS from that for unicast since single cell pilot signal is replaced by multi-cell pilot signal. But in this case, single cell pilot cannot cover whole bandwidth in that subframe.
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Fig. 1  Examples of MTCH mapping onto DL-SCH
(Option 2) mapping multi-cell MTCH to a new transport channel
In this option, multi-cell MTCH is mapped to a new transport channel, namely, ‘MMCH (multi-cell MBMS channel’. MMCH may use the same definition of downlink physical resource blocks for DL-SCH as shown in example (a) in Fig.2. Or else, downlink physical resource blocks for MMCH may be expanded as in example (b) in Fig. 2 if the signalling for DL unicast can be reduced in a subframe containing MBMS traffic. In these examples, it is assumed that signalling for UL unicast is using another OFDM symbol, but using first OFDM symbol for signalling both DL unicast and UL unicast may be possible. DL control signalling for multi-cell MBMS can be transmitted by a same resource for multi-cell MBMS traffic, for example, periodically.
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Fig. 2  Examples of MTCH mapping onto a new transport channel
3. Conclusions

We summarize the discussion in this paper as follows.
· Multi-cell MBMS traffic and DL unicast can be multiplexed in frequency domain within a subframe at least in case of 20 MHz cell transmission bandwidth.
· It is FFS whether FDM of multi-cell MBMS and DL unicast within a subframe in a cell transmission bandwidth smaller than 20 MHz provides sufficient benefits in the utilization of downlink transmit power resource.

· Single cell pilot and DL signalling for UL unicast are transmitted in a same way for both the subframes with MBMS transmission and the subframes without MBMS transmission.

· Multi-cell pilot is transmitted additional to the single cell pilot in a subframe with multi-cell MBMS transmission.

· Multi-cell MTCH is mapped to a transport channel different from DL-SCH.
It is proposed agreeable parts of the above are captured in TR25.814 [1].
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