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1 Introduction
For R-PDCCH without cross-interleaving (Mode 2), RN monitors the following DCI formats [1]
- DCI format 1A 
- A transmission mode dependent DL DCI format 

- DCI format 0 
- DCI format 4 if RN supports and configured to use PUSCH TM2
DCI format 1A is supported to keep allowing compact DCI format. Transmission modes for Un PDSCH have been discussed [2]-[6]. Those contributions proposed that some transmission modes for Rel-10 UEs can be cut down in order to reduce RN implementation complexity especially for the test effort. In this contribution, we discuss transmission mode and RS types supported in Un link.
2 Discussion 
2.1 Transmission mode for Un PDSCH
To support a large number of DCI formats requires more IOT tests. The restriction of transmission modes (TMs) is useful. We consider minimum set of TMs for downlink would be TM4 for CRS and TM9 for DM-RS.
· TM4 supports closed-loop spatial multiplexing and transmit diversity
· TM9 supports up to 8 layer transmission
· For Un link, up to 4 layer transmission is supported
DCI format 2 of TM 4 and DCI format 2C of TM 9 have larger overhead than other DCI formats. However, this overhead issue is not significant in Un link. DCI format 1A is also supported in TM 4 and TM 9 in order to keep compact DCI format. TM 4 and TM 9 support rank 1 transmission.

However, TM4 and TM9 don’t support single antenna configuration of eNB with CRS. In Rel-10, single-antenna configuration of eNB is not precluded. For single antenna port eNB, TM1 is useful.
When a cell is configured to use only 1 CSI-RS port per cell, DCI format 1 instead of DCI format 2C is proposed for UE[7]. If this proposal is agreed, RN also supports DCI format 1.
TM7 supports single-antenna port (port 5) for beam-forming. However, rank 1 beam-forming is covered by TM 9. In addition, antenna port 5 is not supported in R-PDCCH. It is complex to support that R-PDCCH in 1st slot is demodulated based on CRS and Un PDSCH in 2nd slot is demodulated based on port5.
It is not necessary to support TM modes other than TM1, TM 4 and TM9. 
Proposal 1: At least TM4 and TM9 should be supported in R-PDCCH. TM1 should be supported if RN connects eNB with single antenna configuration.
2.2 RS for R-PDCCH and Un PDSCH
For R-PDCCH with cross-interleaving, R-PDCCH is always demodulated based on CRS. For R-PDCCH without cross-interleaving, R-PDCCH is demodulated based on CRS or antenna port 7 with SCID=0 (DM-RS). The type of RS is configured by higher layers. The type of RS of R-PDCCH is not changed subframe by subframe.
The type of RS of Un PDSCH should be related to the DL DCI format and TM. PDSCH is demodulated with DM-RS in TM7, TM8 and TM9. DCI format 1 with TM7, DCI format 2B with TM8 and DCI format 2C with TM9 allocate PDSCH with DM-RS. In addition, RAN1 agreed that antenna port 7 with SCID=0 is used for PDSCH when a UE configured with TM9 receives DCI format 1A in MBSFN subframe [8]. We propose the same behaviour is applied to Un link, i.e. Un PDSCH indicated by DCI format 1A with TM9 in MBSFN subframe is demodulated with antenna port 7 with SCID=0. It is FFS that antenna port 7 with SCID=0 for MBSFN subframe is supported in the other transmission modes for Rel-10 UE in MIMO discussion. If TM8 supports MBSFN subframe in Rel-10 UE, Un PDSCH indicated by DCI format 1A with TM8 in MBSFN subframe should also be demodulated with antenna port 7 with SCID=0.
We propose RS type of R-PDCCH is aligned with RS type of TM dependent DL DCI format without TM7 in order to reduce test cases. For TM 1 to 7, R-PDCCH is demodulated based on CRS. For TM 8 and TM 9, R-PDCCH is demodulated based on antenna port 7 with SCID=0. If we support this restriction of RS type of R-PDCCH, R-PDCCH demodulated based on CRS can not support TM8 and TM9 and R-PDCCH demodulated based on antenna port 7 with SCID=0 can not support TM1 toTM7. R-PDCCH with cross-interleaving is demodulated based on only CRS. For R-PDCCH with cross-interleaving, there is no agreement that DM-RS will be transmitted on the 1st slot for Un PDSCH in the 2nd slot. So, R-PDCCH with cross-interleaving doesn’t support TM8 and TM9. For R-PDCCH with cross-interleaving, R-PDCCHs are not located same PRB pairs. In this case, it has no occasion to use different type of RS between R-PDCCH and R-PDSCH indicated by TM dependent DL DCI format. Therefore, this RS type restriction is beneficial.
Proposed RS type sets for non MBSFN subframe and MBSFN subframe are shown in Table 1. We propose to support at least TM4 and TM9 in above section. However, we listed all of TMs for discussion in this section in case other TM except 4 and 9 are agreed. For Un PDSCH indicated by DCI format 1A with TM8 and TM9, two alternatives are considered. Alternative 1 is that Un PDSCH is demodulated based on CRS. Alternative 2 is that Un PDSCH is demodulated based on antenna port 7 with SCID=0. The behaviour of alternative 1 is aligned with rel.10 UE, but DCI format 1A itself is demodulated based on antenna port 7 with SCID=0. In order to adapt alternative 1, we need to consider whether port 7 with SCID=0 should be transmitted on 2nd slots when R-PDCCH and Un PDSCH are located on same PRB pairs. The behaviour of alternative 2 is not aligned with rel.10 UE, but it is compatible with MBSFN subframe case of TM 9 at rel.10 UE. Un PDSCH can be demodulated based on antenna port 7 from view on ability of RN. In alternative 2, same RS type can be used for R-PDCCH and Un PDSCH for all DCI format except DCI format 1A with TM7. Therefore, alternative 2 is suitable for Un PDSCH indicated by DCI format 1A with TM8 and TM9. 
Table 1 RS type sets for non MBSFN subframe and MBSFN subframe
	
	Our position
	Non MBSFN subframe
	MBSFN subframe

	
	
	R-PDCCH
	Un PDSCH
	R-PDCCH
	Un PDSCH

	TM1-TM6 with all DCI format
	TM1 and 4 only
	CRS 
	CRS
	Not supported
	Not supported

	TM7 with DCI format 1A
	Not to support
	CRS 
	CRS
	Not supported
	Not supported

	TM7 with DCI format 1
	Not to support
	CRS 
	Port 5

If R-PDCCH and Un PDSCH are located same PRB pair, port 5 is transmitted on only 2nd slot.
	Not supported
	Not supported

	TM8 with DCI format 1A
	Not to support
	port 7 with SCID=0
	port 7 with SCID=0

	port 7 with SCID=0 if TM8 supports MBSFN subframe
	port 7 with SCID=0 if TM8 supports MBSFN subframe

	TM8 with DCI format 2B
	Not to support
	port 7 with SCID=0
	DMRS (port 7, 8)
	port 7 with SCID=0 if TM8 supports MBSFN subframe
	DMRS (port 7, 8) if TM8 supports MBSFN subframe

	TM9 with DCI format 1A
	Support
	port 7 with SCID=0
	port 7 with SCID=0

	port 7 with SCID=0
	port 7 with SCID=0

	TM9 with DCI format 2C
	Support
	port 7 with SCID=0
	DMRS (port 7, 8, 9, 10)
	port 7 with SCID=0
	DMRS (port 7, 8, 9, 10)

	TM with DCI format 1 for 

1 CSI-RS port per cell
	Support If UE support this mode
	port 7 with SCID=0
	port 7 with SCID=0
	port 7 with SCID=0
	port 7 with SCID=0


Proposal 2: For TM 4, R-PDCCH is demodulated based on CRS. For TM 9, R-PDCCH is demodulated based on antenna port 7 with SCID=0.
Proposal 3: In case other TM except 4 and 9 are agreed, demodulation for these is based on Table 1.
Proposal 4: Un PDSCH indicated by DCI format 1A with TM8 and TM9 is demodulated based on antenna port 7 with SCID=0.
3 Summary

In this contribution we discussed transmission mode and RS types supported in Un link. We propose followings.
- At least TM4 and TM9 should be supported in Un link.TM1 should be supported if RN connects eNB with single antenna configuration.
- For TM 4, R-PDCCH is demodulated based on CRS and for TM 9, R-PDCCH is demodulated based on antenna port 7 with SCID=0.
- In case other TM except 4 and 9 are agreed, demodulation for these is based on Table 1.
- Un PDSCH indicated by DCI format 1A with TM8 and TM9 is demodulated based on antenna port 7 with SCID=0.
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