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1. Introduction
A contribution [3] from RAN2 #66bis raised an interesting question on whether an idle MBSFN subframe can be used by unicast transmission. Due to the bursty traffic of services, we think idle MBSFN subframes can happen sporadically. Therefore, we proposed to recycle these idle subframes, e.g. for unicast/SI transmission, to improve the system efficiency. This contribution further discussed the question. 
2. Discussion
From [4], there are two occasions that idle MBSFN subframe can happen:
1. To accommodate a variable bitrate service, such as streaming, MBSFN subframe configuration is likely to allocate subframes more than the average bitrate of the service to assure sufficient resource for transmission when bursty traffic happens. Therefore, idle MBSFN subframes happen when the bitrate of the service drops under average.
2. For services having high frequency of MCCH change, such as news ticker, it is possible that the service is stopped or blank for this cycle but the configuration has not yet been updated. 
Although the amount of idle subframes varies, it is not efficient to just leave them idle. If these subframes can not be used by MBMS, eNB shall be enabled to use them for unicast or SI transmission.
Proposal 1: An eNB shall be able to reuse a MBSFN subframe for unicast/SI transmission if and only if it is not used by MBMS.

A MBSFN subframe can be considered idle after the DSI information is provided by MBMS scheduler. In other words, after the DSI is prepared, eNB can begin the scheduling of the unicast/SI transmission on these unused subframes. Although the detailed format of the DSI is still under discussion, it does not affect the fact that an eNB can only recycle an idle subframe if it is not included in DSI. Current understanding is DSI would always be provided before each cycle, therefore, we believe an eNB has enough time to schedule these unused subframes which generally happen at the end of each cycle.
Proposal 2: An eNB shall be able to reuse an unused MBSFN subframe for unicast/SI transmission only after DSI is decided.

According to [2], current MBSFN subframes still have PDCCH (up to 2 OFDM symbols) which can be only used for uplink scheduling. UEs who monitor the PDCCH of a MBSFN subframe meet two conditions: first, they are in RRC_CONNECTED state; and second, they are not in DRX mode. If downlink transmission is permitted, these UEs are the typical targets for eNB. 
Proposal 3: The candidates for downlink transmission in unused MBSFN subframes are the UEs in RRC_CONNECTED state and required to monitor PDCCH.

Details for a non-MBSFN transmission on a MBSFN subframe is FFS.
3. Conclusion
There is benefit to reuse the unused MBSFN subframes. Furthermore, we showed that an eNB is capable of such scheduling and identified the possible target UEs. It is proposed that RAN2 to discuss following proposals:
Proposal 1: An eNB shall be able to reuse a MBSFN subframe for unicast/SI transmission if and only if it is not used by MBMS.

Proposal 2: An eNB shall be able to reuse an unused MBSFN subframe for unicast/SI transmission only after DSI is decided.

Proposal 3: The candidates for downlink transmission in unused MBSFN subframes are the UEs in RRC_CONNECTED state and required to monitor PDCCH.

A text proposal for 36.300 is included in Annex A.
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5. Annex A: Text proposal for 36.300
=========================1st change==============================

15.2.2
MBMS/Unicast-mixed cell

In E-UTRAN, MBMS is only supported in a carrier shared with unicast traffic. Cells performing MBMS transmissions are referred to as MBMS/Unicast-mixed cells. MBMS is not supported for heNB.
For MBMS/Unicast mixed cells:
-
MTCH and MCCH are mapped on MCH for p-t-m transmission;
-
Transmission of both unicast and MBMS in the cell is done in a co-ordinated manner;
-
Unused MBSFN subframes may be used for unicast transmissions.
======================End of 1st change============================

=========================2nd change==============================

15.3.4
MBMS Reception States

UEs that are receiving MTCH transmissions can be in RRC_IDLE or RRC_CONNECTED state. If downlink assignment is received on the PDCCH, a UE in RRC_CONNECTED state and not in DRX mode shall be able to receive unicast transmission.
======================End of 2nd change===========================





























































