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1. Introduction

During RAN1#47bis (R1-071245) it was agreed that only TDM on subframe basis of data transmission on MBSFN and non-MBSFN is supported (i.e. no multiplexing of MCH and other transport channels, primarily DL-SCH, within the same subframe). At RAN1#48 it was decided that there will be no multiplexing of MCH transport channels corresponding to different MBSFN areas within the same subframe. This contribution tries to look into consequences of this decision from RAN2 point of view.
2. Discussion
The reason for discarding multiplexing of MBSFN areas in the same subframe is that MBSFN areas consisting of different sets of cells need to have different reference signals.

If no multiplexing is allowed the main question to answer is whether there is an impact on efficiency and how big the impact is.

MBMS spectral efficiency can, in some cases, be as high as 2 bps/Hz and more Ref. [1]. Assuming a 20 MHz carrier, this implies that ~40000 information bits within one subframe. In order to fully utilize the bandwidth, an MBMS data then has to be buffered up to 40000 bits which is rather significant payload requiring very large transport block size to be transmitted 

In case of loss, depending on the service bit rate, this could be a significant part of the payload and can have an impact on quality. For the real time service, which are considered in this contribution, the size of the transport block that can be lost without causing significant interruption for the service depends on the data rate (pure broadcast does not assume retransmissions).

The problem arises with e.g. audio services 32-64kbps where transport block will be transmitted every 1.25 seconds and error concealment cannot conceal missing data over such long intervals (it will be difficult to bridge more than ~100ms).
Typically today in WCDMA, for video services, operator has decided for 64, 128 and 256 Kb service. For 256, it would imply that transmission of 40000 bits is needed every 0.15625s (6-7 times per second). For video the level of annoyance may not change so sharply when the amount of missing data exceeds a threshold like of audio, because the video player will simply freeze the picture.

This is also interdependent with what the application allows to be lost i.e. there has to be some application layer coding i.e. FEC (meaning higher rate) that would allow UE to loose transport block.

One can see few different ways to increase efficiency by multiplexing data from different services:

· Multiplexing different MBSFN in one subframe.

Data from multiple MCH (corresponding to different, arbitrary MBSFN areas) is multiplexed within the same subframe. In this case, multiple reference signals are needed within the subframe 

It would be possible to map MCH corresponding to different MBSFN areas into different resource blocks by utilizing frequency domain multiplexing. In that case, reference symbols could be transmitted only in resource blocks where services are mapped.

· Multiplexing several MBMS services (same MBSFN area) in one subframe.

Define that an MBSFN area can correspond to multiple MBMS services. Allow multiplexing of MCHs carrying MBMS services belonging to the same MBSFN area in the same sub-frame, thus the same reference signals can be used by all these MBMS services.

· Multiplexing of MBMS and unicast in one subframe.

Single MBMS service is multiplexed in the same subframe with unicast traffic. In this case, long cyclic prefix will also be used for data (which is better than not utilizing the subframe at all for unicast data) and again requires different reference symbols. This is only applicable to mixed cells.

3. Conclusion

In this contribution, we reflect on RAN1 decision to exclude the possibility of multiplexing MBMS services (provided by means of MBSFN using the MCH) within the subframe as well as multiplexing MBMS and unicast traffic in the same subframe in case of mixed cells. It seems that these decisions may have potentially negative impacts on the performance of LTE MBMS provisioning.

We propose to ask RAN1 to once more consider the possibility for multiplexing of unicast and MBSFN-based transport channels within a subframe as well as the possibility to multiplex MBMS services corresponding to different MBSFN areas (onto separate resource blocks) and also clarify what would be the drawback of allowing for such multiplexing.
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