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1. Introduction
In this paper, Transmission Modes (TM) for Un PDSCH are discussed based on the previous contributions [1-5]. They are closely related to which kind of RS is used for R-PDCCH decoding. So supportable Un PDSCH Transmission Modes for both DM RS based R-PDCCH and CRS based R-PDCCH are discussed and two reduced sets of Transmission Modes for Un PDSCH with regard to CRS based R-PDCCH and DM RS based R-PDCCH are proposed respectively. The reduced sets of TM modes are expected to reduce RN implementation complexity and testing effort in RAN4.
2. Discussions of Un Transmission Modes
2.1. Un PDSCH Transmission Mode for DM RS based R-PDCCH
· Transmission Mode 1, 2, 3, 4, 5 and 6
In these modes, PDSCH is demodulated with CRS. To exploit DM RS as R-PDCCH demodulation RS means that eNB has enough CSI (Channel Status Information) to ensure the reliability of DM RS based relay control channel in terms of frequency selective scheduling and beam-forming. Thus, there is no reason to support these modes with DM RS based R-PDCCH even imposing heavy CRS overhead.

· Transmission Mode 7 
In this mode, PDSCH is demodulated with Rel-8 UE-specific RS (rank 1). Rank 1 PDSCH transmission with precoded RS can be supported by TM9. Hence TM 7 seems a kind of redundant mode in RN transmission perspective. Therefore we should carefully investigate on the need of TM 7.
· Transmission Mode 8 
In this mode, PDSCH is demodulated with Rel-8 UE-specific RS (rank 1 or 2). Like TM 7, the same operation as in TM 8 can be covered by TM 9. Therefore necessity of Mode 8 should be carefully investigated.
Proposal 1: It is recommended that only TM 8 and 9 shall be tested for DM RS based R-PDCCH when Un PDSCH is configured by C-RNTI
2.2. Un PDSCH Transmission Mode for CRS based R-PDCCH
· Transmission Mode 2, 3 
These two modes are introduced to support for open-loop PDSCH transmission. We do not see any reason to be supported especially in fixed relay scenario (at least Rel-10). However if its necessity will be verified in the future releases, then it can be supported as additional Un PDSCH Transmission Mode. 
· Transmission Mode 5
This mode is for MU-MIMO/TxD transmission. It was understood that DM RS based MU-MIMO is better than the CRS-based one. So FFS is whether to support this mode for Un PDSCH. 

· Transmission Mode 6
This mode is for rank 1 spatial multiplexing/TxD transmission. It seems that such a closed-loop PDSCH transmission with rank 1 can be performed by TM 4. By doing so, this can reduce the control channel overhead but this may not be a significant issue in Un link. Anyhow the necessity of this mode should be verified.
· Transmission Mode 7 
This mode is for beam-forming/TxD transmission. PDSCH is demodulated with Rel-8 UE-specific RS with rank 1. However, rank 1 PDSCH transmission with precoded RS can be supported by Mode 9

Proposal 2: It is recommended that only TM 1, 4, 8 and 9 shall be tested for CRS based R-PDCCH when Un PDSCH is configured by C-RNTI
2.3. Transmission scheme assigned by DCI format 1A 

It was agreed in [1] that RN monitors the two DCI formats in the first slot; DCI format 1A and a TM dependent DL DCI format. The transmission scheme for the TM dependent DL DCI format is configured via high-layer signaling, but that for DCI format 1A should be pre-determined in the specification as in TS36.213. Currently, transmission diversity (and single antenna port transmission with port 0 in case of one-port CRS) is used for DCI format 1A detected with C-RNTI regardless of the configured TM. This is to support the “fall-back” operation which is needed to handle the error cases including the ambiguity during the reconfiguration procedure. On the other hand, if DCI format 1A is detected with SPS C-RNTI when TM 7 or 8 is configured, single antenna port transmission is assumed with the antenna port 5 or 7; if DCI format 1A is detected in MBSFN subframe with C-RNTI when TM 9 is configured, single antenna port transmission is assumed with the antenna port 7.
Our understanding is that the difference is a natural outcome of optimization for each situation. If eNB has reliable CSI, precoding always outperforms transmission diversity and this is the reason to adopt the precoded transmission in SPS where it is very likely to configure UL SPS which will provide eNB with CSI by the reciprocity of UL and DL. Furthermore, in MBSFN subframe, there is no CRS to decode PDSCH based on the transmission diversity. However, transmission diversity is better if eNB does not have reliable CSI. Configuring DM-RS based R-PDCCH means to show a sort of evidence that eNB has reliable CSI for the Un link. Thus, it seems reasonable to adopt the principle of DCI format 1A with SPS and MBSFN subframe, which means to perform single antenna port transmission. 
Regarding DM RS port and scramble ID, detecting DCI format 1A means that beam-forming for the detected R-PDCCH has properly performed. So it is natural to reuse the same precoding by using the same port and scramble ID for PDSCH as well, i.e., PDSCH is demodulated with antenna port 7 and SCID=0.
Proposal: If DM RS is configured as the RS for R-PDCCH, RN shall assume single antenna port transmission based on antenna port 7 and SCID=0 for the PDSCH assigned by DCI format 1A. 

3. Transmission modes for Un PDSCH recommended by RAN1
Table 1 shows the recommended transmission modes for Un PDSCH in eNB-to-RN transmission in case of DM RS based R-PDCCH. Even though there’re controversial point regarding the necessity of Mode 8, but it may need to be supported in some scenarios. Only two transmission modes are supported Un PDSCH transmission.
Table 1: DM RS based R-PDCCH and Un PDSCH configured by C-RNTI (Release 10)

	Un Transmission mode
	R-PDCCH 

DCI format
	RN Search Space
	Transmission scheme of Un PDSCH corresponding to R-PDCCH

	Mode 8
	DCI format 1A
	RN specific by C-RNTI
	Single antenna port; port 7 and SCID=0

	
	DCI format 2B
	RN specific by C-RNTI
	Dual layer transmission (port 7 and 8) or Single antenna port (port 7 or 8)

	Mode 9
	DCI format 1A
	RN specific by C-RNTI
	Single antenna port; port 7 and SCID=0

	
	DCI format 2C
	RN specific by C-RNTI
	Up to 4 layer transmission, ports 7-10


Table 2 shows the recommended transmission modes for Un PDSCH in eNB-to-RN transmission in case of CRS based R-PDCCH. Only four transmission modes are supported for Un PDSCH transmission.
Table 2: CRS based R-PDCCH and Un PDSCH configured by C-RNTI (Release 10)

	Un Transmission mode
	R-PDCCH 

DCI format
	RN Search Space
	Transmission scheme of Un PDSCH corresponding to R-PDCCH

	Mode 1
	DCI format 1A
	RN specific by C-RNTI
	Single antenna port; port 0 

	
	DCI format 1
	RN specific by C-RNTI
	Single antenna port; port 0

	Mode 4
	DCI format 1A
	RN specific by C-RNTI
	Transmit diversity 

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

	Mode 8
	DCI format 1A
	RN specific by C-RNTI
	Single antenna port or Transmit diversity

	
	DCI format 2B
	RN specific by C-RNTI
	Dual layer transmission (port 7 and 8) or Single antenna port (port 7 or 8)

	Mode 9
	DCI format 1A
	RN specific by C-RNTI
	Single antenna port or Transmit diversity

	
	DCI format 2C
	RN specific by C-RNTI
	Up to 4 layer transmission, ports 7-10


4. Conclusion
In this contribution, we discussed supportable transmission modes and also transmission mode with DCI format 1A. We suggest the following proposal is adopted as Transmission Modes for eNB-to-RN transmission.
Proposal 1: It is recommended that only TM 8 and 9 shall be tested for DM RS based R-PDCCH when Un PDSCH is configured by C-RNTI
Proposal 2: It is recommended that only TM 1, 4, 8 and 9 shall be tested for CRS based R-PDCCH when Un PDSCH is configured by C-RNTI
Proposal 3: If DM RS is configured as the RS for R-PDCCH, RN shall assume single antenna port transmission for the PDSCH assigned by DCI format 1A. RN shall use the same antenna port and scramble ID as those used for the detected DCI format 1A.

Proposal 4: Only Transmission Mode 8 and 9 for Rel-10 Un PDSCH transmission are supported in case of DM RS based R-PDCCH and Un PDSCH configured by C-RNTI [Table 1].

Proposal 6: Only Transmission Mode 1, 4, 8 and 9 for Rel-10 Un PDSCH transmission are supported in case of CRS based R-PDCCH and Un PDSCH configured by C-RNTI [Table 2].
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