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1 Introduction
In previous meeting, some contributions about problem of the MBMS sub-frames and synchronous HARQ were submitted in [2] 

 REF _Ref129663903 \r \h 
[3] 

 REF _Ref129663904 \r \h 
[4].  But this issue was not treated due to lack of time. In this contribution, we summarize this issue, and give some recommendation.  
2 Problem of collision between the MBMS sub-frame and re-transmission of 
DL HARQ

Under the multi-cell transmission mode, MBMS data are sent in same time/frequency resource synchronously by neighbor cells/sectors. In order to reduces the complexity of the associated control channel for MTCH, the sub-frames allocated and TF (transport format) for MBMS should be pre-defined. Since the re-transmission of HARQ is randomly, the collision between the MBMS and re-transmission of HARQ will occur. The example of collision is shown as following figure:
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Figure1 illustration of collision
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In figure 1, assuming MBMS data is pre-assigned on 1st, 6th, 13th sub-frames. After the first transmission of block data 1, Node B receives NAK from UE and must re-transmits block data 1 on 6th sub-frame, thus the collision is happening inevitably. For the same reason, MBMS data will meet with the re-transmission block data 2 on 13th sub-frame. And re-transmission or MBMS transmission is interrupted.
For the variable TTI (one transport block is carried on multiplex sub-frames), the collision problem also can be met.
3 Scheme of collision problem
Scheme in [2]: Just like dealing with uplink sub-frames in TTD, the MBMS sub-frames will not be counted, and it means re-transmission of HARQ is never occurred on MBMS sub-frames. The necessity of scheme is given that all UEs will read the control information of MTCH and are aware of the allocation of MBMS sub-frames. The process of “discount” must be synchronous between network and UEs.
Scheme in [3]: When collision is occurred, the re-transmission of HARQ is stopped until next chance is get.  And necessity of scheme is also given UEs are aware of the allocation of MBMS sub-frames, especially the re-transmission’s UEs.
Both [2] and [3] are the solution when the collision is occurring. On the other hand, can this problem be considered when MBMS sub-frames are allocated? That is, can we reduce the possibility of collision by particular allocation of MBMS sub-frames? 
Generally speaking, there two schemes for MBMS allocating, one is not distinct periodic, the other is distinct periodic.
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Figure 2   illustration of MBMS sub-frames allocating
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In figure 2, both clustered (MBMS data occupy serial sub-frames) and scattered (MBMS data is distributed on some sub-frames, which is nearly randomly) are not distinct periodic. For this scheme, when some sub-frames are serials, delay of unicast will be large. And if there are a lot of MBMS sub-frames in one super-frame, the delay of unicast will not be bear especially in clustered. And the possibility of collision of problem will be high.
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Figure 3   illustration of MBMS sub-frames allocating
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In figure 3, MBMS data occupy some sub-frames, these MBMS sub-frames are distinct periodic, and the period is equal to one HARQ interlace. In this scheme, the delay of unicast data is small, e.g. only one sub-frame (0.5ms), because MBMS sub-frames occupy one HARQ interlace, so the collision problem can be avoid effectively. When MBMS data is high bit-rate, two or more interlaces can be used, and when MBMS data is low bit-rate, half interlace also may be used.

Frankly, the collision problem also may occur first of MBMS sub-frames in a super-frame, but it can be avoid by scheduling or using scheme in [2] 
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 \* MERGEFORMAT [3], and it need to be studied further.

4 Conclusion

In this contribution, the collision problem between MBMS sub-frames and synchronous HARQ is discussed, and the schemes of allocating MBMS sub-frames are also discussed. It indicates that allocating MBMS sub-frames on HARQ interlace will reduce possibility of collision problem effectively. So we recommend that MBMS data are pre-allocated periodic sub-frames, especially equal to period of re-transmission of HARQ.

On the other hand, since benefit of synchronous HARQ is markedly (saving a lot of overhead) and the collision problem can be settled easily, the synchronous HARQ of downlink is recommended.
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