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1 Introduction
It has been discussed which transmission scheme is used for transmission mode 9 in MBSFN subframes when PDSCH is scheduled by DCI format 1A and the following agreement was reached from RAN1#63 [1]:

· 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.
We still have the following open issue to complete the discussion:

· Whether or not the transmission scheme using antenna port 7 with SCID=0 is supported in the other transmission modes for Rel-10 UEs.
RAN2 asked RAN1 to clarify the UE behaviour in receiving PDSCH in MBSFN subframes [2]. This contribution is to present our views on the above issue.

2 DL fallback operation in MBSFN subframes

DL fallback operation with DCI format 1A is to ensure that a UE will not lose the connection with the serving eNB in any abnormal case. For example, if a UE in transmission mode 4 experiences a severely worse channel condition than when the mode was configured, it is not efficient to keep the transmission scheme of closed-loop spatial multiplexing. In this case, the eNB will try to change the transmission mode by sending an RRC signalling to the UE. However, in case where it is impossible to reliably transmit the RRC signalling with closed-loop spatial multiplexing either due to high Doppler or due to feedback erasures, the eNB will use the transmit diversity scheme allowed in the fallback operation. Since the transmit diversity is the most robust one among the transmission schemes defined in LTE Releases 8 and 9, the fallback operation guarantees reliable connection with the serving cell during the RRC re-configuration phase.
LTE-A Rel-10 has introduced the feature of being able to transmit PDSCH to Rel-10 UEs even in MBSFN subframes where only PMCH was allowed in the previous releases. This feature enables to use MBSFN subframes as non-backward-compatible DL resources. However, since CRS which is necessary for demodulation of PDSCH with transmit diversity is not available in MBSFN subframes, the UE behaviour for receiving PDSCH in MBSFN subframes has to be defined. The agreement in [1] resolved the issue partially but still it needs to be clarified whether or not the Rel-10 UEs configured only in transmission mode 9 are allowed to receive PDSCH in MBSFN.
3 UE behaviour in the other transmissions

The main benefit from enabling the MBSFN subframes to be assigned to Rel-10 UEs is no scheduling constraint in MBSFN subframes. Following this rationale, it is quite straightforward to apply the port-7 based PDSCH transmissions to all the transmission modes since Rel-10 UEs who are capable of being scheduled in MBSFN subframes should be able to take the benefits from such scheduling flexibility regardless of their transmission modes. If PDSCH transmissions in MBSFN subframes are only allowed for transmission mode 9, then the scheduling flexibility gain is restricted to the Rel-10 UEs configured in the transmission mode.
It should be noted that sometimes a Rel-10 UE needs to be configured in a transmission mode other than transmission mode 9 taking into account its channel condition, control/feedback overhead, etc. For example, transmission mode 2 or 3 is good for high mobility UEs since the CQI/PMI feedback is not reliable in such channel condition. Furthermore, the eNB may configure a Rel-10 UE in transmission mode 4 to avoid the DMRS overhead. Even though such Rel-10 UEs are capable of receiving PDSCH in MBSFN subframes using antenna port 7 with SCID=0, they cannot perform it due to the restriction of the UE behaviour only for transmission mode 9.
Even when the agreed UE behaviour is applied to transmission modes 1 to 8, there is no additional cost to pay. Note that even legacy UEs are supposed to decode DCI format 0 for UL grant detection in MBSFN subframes. Therefore, it does not increase the number of blind decoding attempts for Rel-10 UEs configured in any transmission mode to decode DCI format 1A. This is because DCI format 1A is tied with DCI format 0 in terms of the DCI size. One may say that the proposed UE behaviour of allowing PDSCH transmission in MBSFN subframes regardless of the configured transmission mode changes the behaviour of legacy UEs. This is not true. We have already introduced CSI-RS located in the PDSCH region and Rel-10 UEs configured in any transmission mode need to perform rate matching around CSI-RS. This operation is different from the UE behaviour of legacy UEs and is applied only to Rel-10 UEs. The impact of the proposal is same as that of introducing CSI-RS, i.e. it will define the behaviour of Rel-10 UEs and keep that of legacy UEs.
By applying the proposed UE behaviour to all the transmission modes, Rel-10 UEs can take benefit of more flexibility scheduling without additional cost. This feature will be very useful when Rel-10 is getting popular so utilization of non-backward-compatible MBSFN subframes becomes attractive. Rel-10 UEs’ monitoring of DCI format 1A in MBSFN subframes irrespective of the configured transmission mode is also suggested in [3].
Table 1 shows the suggested correction to Table 7.1-5 in [4].

Table 1: PDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Single-antenna port, port 0 (see subclause 7.1.1)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)
MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe with unicast allocation: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B)


4 Conclusion
To finalize the specifications on PDSCH transmissions in MBSFN subframes, we suggest PDSCH assignment in MBSFN subframes by DCI format 1A needs to be applied to all the transmission modes for scheduling flexibility.
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