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1. Introduction
MSAP determines the maximum range of the subframe allocation that can be used for MBSFN transmission for the corresponding MCH. And dynamic scheduling is used to indicate which MBSFN subframes within the MSAP occasion are used for each MTCH belonging to the same MCH. Due to the variable bitrate and bursty characteristic of service traffic, it is possible that there are unused MBSFN subframes. This document discusses how to salvage these unused MBSFN subframes for unicast transmission.
2. Discussion
2.1 The possibility of unused MBSFN subframe

Once configured, the capacity of one MCH is fixed, and could not be changed frequently based on instantaneous data rate – because it would likely require a change of BCCH. Considering the following reasons, the unused MBSFN subframes are likely to occur:
· Considering the fluctuated data rate, it is better to assign more radio resources than the average data rate to attain a satisfying performance. When the actual data rate is less than the assigned rate, unused subframes appear.

· All the MBSFN subframes are indicated in SIB2. When a session starts and some new MBSFN subframes are needed for this session, the system information would be changed. In order to avoid changing SIB2 frequently, it is better to assign a little more MBSFN subframes than the requirements. In this case, the unused MBSFN subframes occur due to such reservation headroom of MBSFN subframes.
· When session stops, the corresponding radio resources may not be released immediately, and these resources could be used to transmit some new coming sessions [1]. In this case, some radio resources could be in the state of “unused” before the new session comes.
For the reasons above, unused subframes will exist in LTE MBMS; therefore there is a need to reuse these MBSFN subframes for unicast transmission. We note that for UMTS MBMS, if there is no MBMS data available to transmit in a TTI, it is always possible to transmit other unicast data on a different code in that TTI.

Proposal 1: A mechanism shall be provided to reuse unused MBSFN subframes for unicast transmission.
2.1 How to indicate unused MBSFN subframes
MBSFN transmission and unicast transmission use different reference signals. If MBSFN subframe is used for unicast transmission, it is impossible for the UE to decode unicast transmission successfully according to the reference signals of MBSFN transmission. Therefore, it is necessary for the eNB to indicate this usage change to the UEs whose DL unicast transmission is scheduled in unused MBSFN subframes. We identified the following three alternatives to indicate such usage change:
· Alternative1: UEs report when receiving MBMS, the eNB uses DSI to indicate MBSFN subframes that will be used for unicast. eNB schedules only UEs who reported receiving MBMS.
The detailed content of dynamic scheduling information is still FFS. But anyway, the DSI indicates the subframes of every scheduled MTCH, so the unused MBSFN subframes should be indicated explicitly or can be derived from dynamic scheduling information. Whatever the content of dynamic scheduling information includes, it should ensure that unused MBSFN subframes are indicated explicitly or implicitly.

Is it possible to schedule all UEs in RRC_CONNECTED state in these unused MBSFN subframes? The answer is negative. If a RRC_CONNECTED UE is not receiving MBMS service, it would not read DSI and is not aware of the location of unused subframes. In this case, if the eNB transmits the downlink unicast data for this UE in these unused MBSFN subframes, the UE could not receive the downlink data in this subframe because the UE would not detect DL assignment in these subframes. But how can the eNB know which UEs are listening to the dynamic scheduling information? In order to resolve this problem, a UE in RRC_CONNECTED can send report to eNB to indicate whether or not it is receiving any eMBMS service. For this option, additional signaling needs to be defined for the report procedure.
· Alternative2: PCFICH

It has been agreed in RAN1 that no more than two OFDM symbols are used for PDCCH in MBSFN subframes; that means CFI = 3 is never used in MBSFN subframes, and could be used for signaling, as mentioned in [3]. We find that CFI = 3 is suitable for all bandwidth. So CFI = 3 can be used to indicate the change from an MBSFN subframe to a unicast subframe. Whenever a UE detects CFI = 3 in an MBSFN subframe, it should detect its DL assignment in the subframe. One disadvantage of this alternative is not being backward compatible. Firstly, R8 UEs can not receive PHICH correctly because they will treat CFI=3 in these unused MBSFN subframes as an error case; Secondly, R8 UEs can not be scheduled for UL transmission in these unused MBSFN subframes explicitly, including new transmission and adaptive retransmission for the same reason. Although alternative2 is very simple and no extra overhead introduced, it is not favourable to restrict the eNB not to schedule R8 UEs and their UL HARQ feedback in these subframes. 
· Alternative3: UE also detects its DL assignment in configured MBSFN subframes
For this alternative, whenever the Rel-9 and later UE monitors PDCCH in configured MBSFN subframes, it also detects its DL assignment as well as UL grant. If its DL assignment is received, then the UE continues to receive unicast DL data. This alternative is also very simple and without need of extra signaling. Although the UE possibly needs to do more DL assignment detection, we think this does not require additional UE capability since anyway UE is able to work in the system without any MBSFN subframes allocated. 
According to above analysis, we think alt1 and 3 are more feasible than alt2, and do not have a strong opinion between alt1 and 3. We propose RAN2 to select one solution from alt1 and 3 to reuse MBSFN subframes for unicast transmission.
Proposal 2: It is proposed RAN2 to select one solution from alt1 and 3 to reuse MBSFN subframes for unicast transmission.
3. Conclusion

This contribution discussed how to indicate unused MBSFN subframes and how to ensure they can be used for unicast transmission. And we propose:

Proposal 1: A mechanism shall be provided to use unused MBSFN subframes for unicast transmission.
Proposal 2: It is proposed RAN2 to select one solution from alt1 and 3 to reuse MBSFN subframes for unicast transmission.
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