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1 Introduction
The usage of MBSFN subframes for PDSCH transmissions to Rel-10 UEs was agreed at RAN1#57bis [1] and captured in TR36.814 [2]:

· LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS. 
· In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region. Same CP length is used for control and data. 
· Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8 

· CSI RS are punctured into the data region of normal/MBSFN subframes.

It was agreed by email discussion after RAN1#63 that antenna port 7 with SCID=0 is used when a UE configured with transmission mode 9 receives DCI format 1A with C-RNTI in an MBSFN subframe. It is FFS whether PRB bundling is not supported in this transmission scheme, and whether the above scheme is supported in the other transmission modes for Rel-10 UE.

In [3], it was assumed that Rel-10 UEs detect DL assignments in all configured MBSFN subframes, and then it was proposed to introduce higher layer signalling of LTE-A only subframes in order to avoid unnecessary blind decoding in MBSFN subframes that are used for MBMS. It was also proposed that a UE-specific RS based transmission mode applied to LTE-A only subframes is additionally configured for a Rel-10 UE configured in a legacy CRS-based mode in order to avoid PDSCH scheduling restriction.

In [4], it was noted that MBSFN subframes that are used for eMBMS services should not contain CSI-RS. It was proposed that either the use of eMBMS subframes for CSI-RS transmission should be excluded or otherwise the UE behavior in eMBMS subframes containing CSI-RS should be left unspecified when the UE is configured for eMBMS reception.

The remaining issues for PDSCH in MBSFN subframes that are discussed in this contribution are:

· Should a Rel-10 UE assume that PDSCH can be assigned in any configured MBSFN subframe, or should PDSCH transmissions only be allowed in a subset of (LTE-A only) MBSFN subframes?

· Should a Rel-10 UE configured in a legacy CRS-based mode additionally support UE-specific RS based transmissions on antenna port 7 in (LTE-A only) MBSFN subframes?
· Should a Rel-10 UE assume that CSI-RS are always transmitted in a configured MBSFN subframe where CSI-RS are scheduled to be transmitted by higher-layer configuration? 

For conciseness, we use the term “MBSFN subframes” to refer to the MBSFN subframes that are configured by the MBSFN-SubframeConfig IE. Thus “MBSFN subframes” should not be understood as all subframes {1, 2, 3, 6, 7, 8} in FDD, or all subframes {3, 4, 7, 8, 9} in TDD.

2 DL assignment for unicast PDSCH transmission in MBSFN subframes

Detailed discussions on the usage of MBSFN subframes for PDSCH took place at RAN1#58bis, where several alternatives were identified and discussed in [5]:

· Alt1: UE detects DL assignment in MBSFN subframes

· Alt2: PCFICH = 3 indicates an MBSFN subframe with unicast transmissions

· Alt3: Broadcast signaling in PDCCH indicates the MBSFN subframes with unicast transmissions

Alt1 was preferred considering forward and backward compatibility and impact on specifications. PDSCH transmission in MBSFN subframes was eventually not adopted for Rel-9 UEs. It would be preferable at this time to follow the recommendation in [5] and to send an LS to RAN2 with the following proposal.

Proposal 1: update section 5.2.2.9 of the RRC specification TS 36.331 as follows:
1>
if the mbsfn-SubframeConfigList is included:

2>
consider that no other DL assignments occur in a subset of the MBSFN subframes indicated in the IE mbsfn-SubframeConfigList:

Assuming Alt1, it remains to be seen whether a Rel-10 UE monitors the PDCCH on all MBSFN subframes or only a subset of MBSFN subframes, and whether a Rel-10 UE monitors the PDCCH on these subframes only when it is configured in transmission mode 9 or in any transmission mode.

Rel-8 and Rel-9 UEs do monitor the PDCCH on MBSFN subframes for UL grants, and the same is expected from Rel-10 UEs. On the other hand, PDSCH cannot be transmitted on MBSFN subframes that are used for MBMS. It could be desirable to reduce the number of blind decoding attempts on PDCCH in these subframes. In situations where MBSFN subframes are all used for MBMS, this would allow to maintain a similar level of blind decoding attempts for Rel-8 and Rel-10 UEs.

Proposal 2: A Rel-10 UE monitors DL assignments for Rel-10 PDSCH in a subset (including the full set) of MBSFN subframes. The subset is semi-statically configured by higher-layers.

It is moreover preferable that the signalled subset of MBSFN subframes spans a duration of 40 ms for ensuring compatibility with processes based on 8 ms period (UL HARQ, Relay Un, Almost Blank Subframes), in a similar manner as the parameter fourFrames in the MBSFN-SubframeConfig IE.

Proposal 3: The semi-statically configured subset of MBSFN subframes used for Rel-10 PDSCH is indicated as a periodic pattern with a duration of 40 ms (4 radio frames).
When a subset of MBSFN subframes can be used exclusively for transmission to Rel-10 UEs, it would be convenient for the scheduler and for optimizing the resource utilization to allow transmission with antenna port 7 to Rel-10 UEs configured in a legacy transmission mode. Note that UEs configured with transmission mode 9 are only expected to report CQI accurately for PDSCH assignments with DCI format 2C. Therefore, allowing any Rel-10 UE to receive a DL assignment with DCI format 1A in MBSFN subframes would offer a similar performance for UEs configured in transmission mode 9 or in any other mode. Allowing this should not lead to more stringent performance requirements for PDSCH assigned by DCI format 1A in MBSFN subframes.

Proposal 4: All Rel-10 UEs monitor DCI format 1A in the subset of MBSFN subframes configured for Rel-10 PDSCH, irrespective of the configured transmission mode. Only UEs configured in transmission mode 9 additionally monitor DCI format 2C in these subframes.

3 CSI-RS transmissions in MBSFN subframes

It is allowed to transmit CSI-RS in MBSFN subframes whenever the transmission of CSI-RS is scheduled to occur in MBSFN subframes. As pointed out in [4], MBSFN subframes that are used for eMBMS services should not contain CSI-RS in order to avoid a penalty to the performance of eMBMS. Likewise, MBSFN subframes that are used for eMBMS services should not contain Rel-10 PDSCH (as already agreed), and this information can be made available to Rel-10 UEs by the proposal to signal a configured subset of MBSFN subframes used for Rel-10 PDSCH. It is thus natural to specify that CSI-RS can only be transmitted in MBSFN subframes that belong to the configured subset. Note that this solution avoids the burden that would be incurred to non-MBMS Rel-10 UEs if they had to monitor all MBMS configurations.

Proposal 5: CSI-RS can be transmitted in MBSFN subframes signaled by the semi-statically configured subset of MBSFN subframes used for Rel-10 PDSCH. CSI-RS cannot be transmitted in other MBSFN subframes and should be dropped in the event of a collision.
4 Conclusion

In this contribution, the usage of MBSFN subframes for transmission mode 9 was discussed. Proposals were made to enhance the resource usage of Rel-10 PDSCH transmissions and to maintain the benefits of energy savings at the UE. A clarification on the transmission of CSI-RS in MBSFN subframe is proposed.
It is proposed to send an LS to RAN2 with the following proposal:

Text proposal for section 5.2.2.9 of the RRC specification TS 36.331:
1>
if the mbsfn-SubframeConfigList is included:

2>
consider that no other DL assignments occur in a subset of the MBSFN subframes indicated in the IE mbsfn-SubframeConfigList:

The following are also proposed:
· A Rel-10 UE monitors DL assignments for Rel-10 PDSCH in a subset (including the full set) of MBSFN subframes. The subset is semi-statically configured by higher-layers.

· The semi-statically configured subset of MBSFN subframes used for Rel-10 PDSCH is indicated as a periodic pattern with a duration of 40 ms (4 radio frames).

· All Rel-10 UEs monitor DCI format 1A in the subset of MBSFN subframes configured for Rel-10 PDSCH, irrespective of the configured transmission mode. Only UEs configured in transmission mode 9 additionally monitor DCI format 2C in these subframes.

· CSI-RS can be transmitted in MBSFN subframes signaled by the semi-statically configured subset of MBSFN subframes used for Rel-10 PDSCH. CSI-RS cannot be transmitted in other MBSFN subframes and should be dropped in the event of a collision.
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