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1 Introduction
DL transmission modes and control signalling details have been discussed and following agreements were reached from RAN1#62 [1,2]:

· Rel-10 UEs are not prohibited from being configured in an existing transmission mode defined in Rel-8 or Rel-9.
· One new transmission mode is defined,

· supporting:

· SU-MIMO up to rank-8 and SU/MU dynamic switching

· DCI format extended from Format 2B

· DCI format 1A is used in the fall-back scheme of this transmission mode

· Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimised for SU-MIMO up to 8 tx
On the other hand, LTE advanced defines new DL reference signals, such as CSI-RS and DM-RS, to improve DL MIMO. CSI-RS is used for feedback information generation and DM-RS is used as demodulation references by Rel-10 UEs configured in new transmission schemes. It is also allowed to transmit PDSCH in MBSFN subframes if CRS is not required in demodulating the PDSCH. MBSFN subframes are defined in LTE Rel-8 and the non-control region of MBSFN subframes is reserved for transmissions of both PMCH and port-4 MBSFN-RS. Since LTE Rel-8 UEs are not supposed to monitor the non-control region of MBSFN subframes, it can be treated as non-backward compatible resources. Even though MBSFN subframes are seen by LTE Rel-8 UEs as reserved for MBSFN, LTE Rel-10 UEs can recognize them as LTE-A only subframes, where PDSCH and DM-RS are transmitted.

There is an issue about what transmission mode can be assumed in MBSFN subframes to use them as LTE-A only subframes. This contribution presents details to discuss about this issue.

2 UE behaviour in MBSFN subframes
Table 1 summarizes the transmission modes to be introduced in LTE Rel-10.

	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
	Single-antenna port, port 0

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0

	Mode 2
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity

	Mode 3
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD or Transmit diversity

	Mode 4
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing or Transmit diversity

	Mode 5
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO

	Mode 6
	DCI format 1A
	Common and UE specific by C-RNTI
	Transmit diversity

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing using a single transmission layer

	Mode 7
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port; port 5

	Mode 8
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission; ports 7 and 8 or single-antenna port; port 7 or 8

	Mode 9
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 2C
	UE specific by C-RNTI
	Multi layer transmission; several of ports 7,8,9,10,11,12,13,14 or single-antenna port; port 7 or 8

	Mode 10 (TBD)
	DCI format 1A
	Common and UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used, otherwise Transmit diversity

	
	DCI format 1E
	UE specific by C-RNTI
	Single-antenna port; port 7 or 8


Note that while transmission modes 1 to 6 support CRS-based PDSCH transmissions, transmission modes 7 to 10 support UERS-based PDSCH transmissions. One agreement made from RAN1#62 is that a Rel-10 UE can be configured in a legacy transmission mode. Therefore, Rel-10 UEs can be configured in either CRS-based or UERS-based transmission mode.
Let’s assume that a Rel-10 UE is configured in one of CRS-based transmission modes. The UE can estimate the channel response for demodulation of PDSCH by receiving CRS in normal subframes. However, since there is no CRS in MSBFN subframes, it should be clarified what the expected behaviour of the UE is in MBSFN subframes.
There are two alternatives for the UE behaviour in MBSFN subframes for the Rel-10 UE configured in a CRS-based transmission mode:
· Alternative 1: The Rel-10 UE is not trying to receive PDSCH in MBSFN suframes.
· Alternative 2: A UERS-based transmission mode is additionally configured for PDSCH to be transmitted in MBSFN subframes.
Alternative 1 does not lead to any further specification issue while it results in scheduling restriction in MBSFN subframes. One the other hand, Alternative 2 does not restrict PDSCH scheduling in MBSFN subframe.
For a UE who does not provide a reliable CSI feedback, open-loop MIMO or transmit diversity is a good transmission scheme to avoid unreliable communications with closed-loop MIMO or beamforming. The eNB can set a CRS-based transmission mode for such UE. However, if Alternative 1 is chosen, then the UE will suffer from DL scheduling restriction. Even though UERS-based transmission schemes were introduced to take care of closed-loop MIMO or beamforming operations, they can work as open-loop type transmission schemes by cycling precoders in the frequency domain. Therefore, if Alternative 2 is supported, the UE can be scheduled in both normal subframes and MBSFN subframes with open-loop type transmission schemes.

Furthermore, Alternatives 1 and 2 are not exclusive to each other. Alternative 2 is to let a Rel-10 UE be configured in an additional transmission mode for PDSCH transmission in MBSFN subframes. If a Rel-10 UE is not configured in such an additional transmission mode, then Alternative 2 also works like Alternative 1. Therefore, Alternative 2 provides the eNB scheduler more flexibility in DL scheduling than Alternative 1. Based on this observation, we propose Alternative 2.

3 Conclusion
In this contribution, we raised a potential issue to resolve on Rel-10 UE’s behaviour in MBSFN subframes. One solution is that a Rel-10 UE configured in a CRS-based transmission mode is not expected to receive PDSCH in MBSFN subframes as legacy UEs do. As discussed above, this approach leads to PDSCH scheduling restriction. To avoid such restriction, we suggest the following alternative:

· A UERS-based transmission mode applied to MBSFN subframes is additionally configured for a Rel-10 UE configured in a legacy CRS-based transmission mode.
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