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1. Introduction 
At the last meeting, a way forward on the signalling design for supporting the dual-layer beamforming has been agreed. The agreements related to DCI formats need for dual-layer beamforming is as follows: 
· Single transmission mode for Rel-9 Dual-layer beamforming
· could be based on DCI format 2A 

· Dynamic indication of DM-RS port is supported in case of rank 1 transmission

· To enable scheduling of two UEs with rank-1 transmission using different orthogonal DMRS ports  on the same PDSCH resources 
· SU/MU assumption
· no explicit signaling of the presence of co-scheduled UE in case of rank 1 transmissions

· in case of rank-1 transmission, the UE cannot assume that the  other DM RS antenna port is not associated with PDSCH assigned to another UE

· LS to RAN4 with action to consider defining test for such use case

One of the agreements is on the transmission mode, which states for Rel-9 Dual-layer beamforming could be based on DCI format 2A of Rel-8. In this contribution we show that DCI format 2A in Rel-8 re-used for dual-layer beamforming is enough for single/dual-layer beamforming for one user and single layer beamforming for multi-user. And two DCI format options for supporting the dual-layer beamforming in Release 9 are proposed. 
2. Discussion 
In decision on the DM-RS pattern for supporting the dual-layer streams, the CDM based multiplexing DM-RS is almost agreed. By this CDM mode, reusing the DCI format 2A, the dual-layer beamforming can easily supported without introducing two much specification effort.  
In Rel-8, distinguishing whether two DRS ports or one DRS port are scheduled by eNodeB in DCI format 2A is achieved by one of the ports is disabled by setting the 
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and rvidx information fields, in which if 
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and rvidx = 1 of a transport block is set, the corresponding transport blocks is disabled. Therefore, in Rel-9, if DCI format 2A is reused to support dual-layer beamforing, single layer beamforming can be also supported by this way: disabling one of transport block setting 
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and rvidx = 1 in corresponding transport block. 
By evaluating
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and rvidx = 1, the UE knows only one of the DRS port is enabled and decodes the PDSCH corresponding to the enabled port would and ignore the other one. If UE detects no 
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and rvidx = 1 setting in either transport blocks, the UE would know it is scheduled with two layer data streams, thus dual-layer beamforming is supported. By disabling one of two transport blocks, UE is implicitly signalled which DM-RS port is activated and there is no need to configure additional bit in DCI format to indicate which DRS port is chosen if single layer data stream is scheduled. Of course, if two transport blocks are enabled, two ports are employed for channel estimation for two transport blocks decoding. In either single-layer or dual-layer transmission, UE does not have to care about other user is presented or not. Table 1 shows how the DCI format 2A is reused for support dual-layer beamforming in Release.  
Table 1: The DCI format 2A reused in Rel-9
	PDCCH Field
	（bits）
	

	Resource allocation header (resource allocation type 0 / type 1)
	1
	

	RB assignment
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	TPC
	2
	

	DAI
	2（TDD only）
	

	HARQ Process ID
	3（FDD）,4（TDD）
	

	TB to code word swap flag
	1
	

	MCS transport block 1
	5
	If IMCS=0 and rvidx = 1, TB1 disabled,

NDI reserved

DRS Port 1 disabled

	NDI transport block 1
	1
	

	RV transport block 1
	2
	

	MCS transport block 2
	5
	Or if IMCS=0 and rvidx = 1, TB2 disabled,

NDI reserved

DRS Port 2 disabled

	NDI transport block 2
	1
	

	RV transport block 2
	2
	

	CRC
	16
	

	PMI
	0 for two antenna ports

2 for four antenna ports
	 


By the analysis above, we see resuing DCI format 2A in Rel-8 can well support both single-layer and two-layer beamforming in Rel-9 without introducing new DCI format. Further, in the CDM for two DM-RS multiplexing mode, using one transmission mode combined with DCI format 2A can support one layer stream for one user, two layer-streams for one-user, and one layer stream for MU cases. However, in decision on the transmission, there can be two options: 
· Option 1: Re-use transmission mode 7
The transmission mode is configured by high layer in current specification. The information about the user equipment (UE) supporting Rel-8 or release 9 is usually known to the network or eNodeB by UE reporting. As [5] shows the new CDM DM-RS pattern improves the performance of legacy pattern for rank 1. Therefore, in future the support for the rank1 beamforming can rely on the CDM pattern in Release and the legacy DM-RS port 5 supported in release 9 is not necessary. 
Therefore, in release 9, when the transmission mode is configured to 7, Rel-9 UE decodes the PDCCH channel by searching DCI format 1A and DCI format 2A. And for Rel-8 UE, only the DCI format 1A and DCI format 1 is searched for, as only one-layer beamforming and DCI format 1 is supported by Rel-8. There is no ambiguity in DCI format decoding in Rel-9 and Rel-8 UE for single-layer beamforming support. 
Compared to Rel-8, two transport blocks are supported in release 9. When the high layer is configured to Mode 7, Rel-9 UE would search for DCI for 1A and Form 2A for decoding the corresponding PDSCH. In distinguishing the single-layer or dual-layer beamforming, UE relies on decoding the information field IMCS=0 and rvidx = 1 to identify which layer is scheduled and decides either DRS port 6 or port 7 for channel estimation to decode the corresponding PDSCH. 
Further, using DCI format 1A for transmit diversity and DCI format 2A for Beamforming, there is no addiontional  signalling in DCI format 2A to distinguish transmit diversity and single-layer beamforming in Rel-9. The DCI format 1A and DCI 2A combined with transmission mode 7 proposed for supporting the dual-layer beamforming is listed Table 2.
Table 2: PDCCH and PDSCH for reusing Mode 7 in Rel-9 supporting DL beamforming

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

	Mode 7 – 

PDCCH and PDSCH configured by C-RNTI
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2A
	UE specific by C-RNTI
	Dual-layer beamforming or single-layer beamforming or transmit diversity

	Mode 7 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific by SPS C-RNTI 
	Transmit diversity/single-layer beamforming  

	
	DCI format 2A
	UE specific by SPS C-RNTI
	Dual-layer beamforming or single-layer beamforming or transmit diversity


· Option 2: Define a new transmission mode 8 
In this option, the Rel-8 UE will still use the Mode 7 to support the one-layer beamforming using the DRS port5 as defined in Rel-8. 
For Rel-9 UE, when the high layer is configured to mode 8, UE would search for DCI format 1A in Common and UE specific search spaces to decode the corresponding PDSCH transmitted only in transmit diversity. The DCI format 2A used to support the one or two transport blocks transmission using beamforming. UE identifies single or dual layers by decoding the information field IMCSand rvidx. As the transmit diversity and one-layer beamforming is separated by DCI format 1A and DCI format 2 respectively. As transmit diversity and dual-layer beamforming supported in two DCI formats, there is no needs to distinguish transmit diversity and single-DRS mode as in option 1. The recommended DCI format 1A and DCI 2A combining with transmission mode 8 is outlined in Table 3.
Table 3: PDCCH and PDSCH for resuing Mode 7 in Rel-9 supporting DL beamforming

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

	Mode 8 – 

PDCCH and PDSCH configured by C-RNTI
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2A
	UE specific by C-RNTI
	Dual-layer beamforming or single-layer beamforming 

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific by SPS C-RNTI 
	Transmit diversity

	
	DCI format 2A
	UE specific by SPS C-RNTI
	Dual-layer beamforming or single-layer beamforming 


The above two options can be well compatible with Rel-8 and especially the option 1 need almost no standardization effort. And the two DCI format for dual-layer support options can satisfy the requirements in the way forward. They are all based on the DCI format 2A of Rel-8 and can dynamically choose one of the two transport blocks for rank 1 transmission by disenabling one of the transport block in setting IMCS=0 and rvidx=1, which can implicitly indicate which DM-RS port is employed for channel estimation. In the two options, there is no explicit signalling in the SU/MU support in case of rank 1 transmission. 
For option 1, there is little specification change required as it can re-use of DCI format 2A and transmission mode 7 and it is well compatible with Rel-8. The only requirement for this option is that network side or eNodeB would require the UE report the Release version (Rel-8 or Rel-9) it supports, or eNodeB can identify which version UE supports, and this is usually supported by high layer link. The notable advantage for this option is that for it does not increase the blinding decoding number of PDCCH in Rel-9 UE, 
For option 2, a new transmission mode 8 shall be defined, and it is compatible with Rel-8. The disadvantage with this option is that it will increase the total decoding number of PDCCH. 
Without consideration on the channel feedback strategies, we can choose either the option 1 or option 2 for dual-layer beamforming support. However, when consider on the channel feedback scheme as in [4], these two options might be combined for supporting the dual-layer beamformingm that transmission mode 7 is designated as open loop reporting as in Rel-8 and transmission mode 8 as closed-loop reporting. 
3. Conclusions
In this contribution, we show that reuse DCI format 2A and transmission mode 7 for supporting the dual-layer beamforming is possible. With the proposed two transmission modes options, the same common search space and UE-specific search space design is kept, further, the maximum number of PDCCH blind decodes is the same as in Rel-8. When one of open loop and close reporting schemes is support, we can choose either option 1 or option 2. When open loop and close reporting are all considered, the combination of the two options is recommended, with transmission mode 7 for open loop reporting as in Rel-8 and transmission mode 8 for closed-loop reporting.  
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