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1 Introduction
At RAN1#58 meeting, a way forward on dual-layer beamforming was agreed in [1]. In this way forward, the following aspects will impact the downlink control signaling design for dual-layer beamforming.
· 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

So in summary, a single DCI format, e.g. 2A, should be used for both single user and multi-user dual-layer beamforming and the DMRS port should be indicated for rank 1 transmissions.

In this contribution, we discuss the detailed downlink control signaling according to the above agreements and provide a complete DCI format design for dual-layer beamforming.
2 Rank adaptation support 
The single transmission mode to be defined for dual-layer beamforming, should support the following possible transmission schemes 

· Single user rank 2 transmission
· Single user rank 1 transmission
· Multi-user rank 1 (per UE) transmission 

· Transmit diversity as fall back mode
From a signaling point of view, there is no difference between single user rank 1 and multi-user rank 1 transmission; therefore we will only refer to the general rank 1 transmission in this section. 
From the control signaling point of view, dual-layer beamforming can be seen as an open loop transmission with two dedicated antenna ports in addition to the common antenna ports. And we have shown in [2] ,that DCI format 2A can be reused with a slight modification concerning the interpretation of the number of antenna ports. 

In case of single user rank 1 transmission, codeword 0 is enabled while codeword 1 is disabled with setting 
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 and rvidx = 1. This indication should be available for both rank 1 initial transmission and rank 1 retransmission.
In [2~8], the commonly proposed DCI formats for the different transmission schemes are 

· DCI format 2A can support fast rank adaptation with one or two codewords enabled. 
· DCI format 1A is used for transmit diversity for dynamic scheduling.
It is preferred that the UE only monitors these two DCI formats (similar to R8) to limit the number of blind decodes required.

Looking at the different proposals based on these two formats there are two additional issues that deserve further discussion: 

Issue 1:  DCI format 1A could be used for rank 1 transmission in addition to transmit diversity [5].
The advantage of using format 1A for rank 1 transmission in addition to transmit diversity is its compactness and low overhead. 

However, in order to support two transmission schemes with format 1A an additional information bit is needed to distinguish the two schemes. Different options were proposed in [5] to accommodate this additional information, but each of them either increases the number of blind decodes or modifies the probability of misdetection.

Taking also into account that another additional bit would be needed to signal the DMRS port according to the way forward in [1] it seems difficult to re-use format 1A for rank 1 transmission with beamforming. 
Therefore, we prefer that format 1A is not used for rank 1 transmission and limited to the fallback mode with transmit diversity. 
Issue 2 : DCI format  2A could be used for transmit diversity [3].
Using 2A for transmit diversity comes with a considerable signaling overhead because only one codeword is transmitted. Since 1A can be used for transmit diversity,  there is no advantage of using 2A for transmit diversity as well. 
Therefore, we prefer that format 2A is not used for transmit diversity. 

Table 1 summarizes our proposal for the different PDSCH transmission schemes and DCI formats in the new transmission mode “Mode 8” corresponding to dual layer beamforming.  

Table 1 PDCCH and PDSCH for single user dual-layer 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 
	Transmit diversity 

	
	DCI format 2A
	UE specific
	Dual-layer beamforming with fast rank adaptation.

	Mode 8 – 
PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific 
	Transmit diversity

	
	DCI format 2A
	UE specific
	Dual-layer beamforming with fast rank adaptation.


3 DMRS port indication 
For single user transmission, a possible method to indicate the used DMRS antenna port of each layer is to map the DMRS port index to the transport block index. 

For multi-user rank 1 transmission, there are two methods for DMRS antenna port indication. One is explicit indication with reusing the reserved information bit(s) in format 2A [6~8]. The other is implicit indication with mapping between DMRS port index and the transport block index, and UE can know the assigned DMRS port according to the enabled transport block [6]. 
Explicit indication will introduce some changes to format 2A with information bit(s) re-interpretation. As agreed in the way forward, single user and multi-user transmission should be transparent to UE. This requires an identical solution for DMRS port indication with single user and multi-user transmission. Consequently, the implicit method seems simpler and without any change to DCI format 2A. 

The implicit DMRS port indication can be listed as in Table 2 and 3.

Table 2 The DMRS port to transport block mapping 
(two transport blocks enabled)

	transport block 1
	DMRS port 0

	transport block 2
	DMRS port 1


Table 3 The DMRS port to transport block mapping 
(one transport block enabled)

	transport block 1
	transport block 2
	DMRS port

	enabled 
	Disabled
	DMRS port 0

	Disabled
	Enabled
	DMRS port 1


4  DCI format 2A for dual-layer beamforming
For summary, Table 4  lists the detailed DCI format 2A design for Rel-9 dual-layer beamforming.  
Table 4 DCI format 2A design for Rel-9 dual-layer beamforming
	Information field
	Bit number

	RA header
	1

	RA indication
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	TPC for PUCCH
	2

	DAI for TDD
	2

	HARQ process number
	3 (FDD)

4 (TDD)

	TB to CW swap flag
	1

	Information for TB1
	8

	Information for TB2
	8

	Precoding information
	0


The only specific definition for Rel-9 dual-layer beamforming in DCI format 2A is that there is no precoding information field present regardless of the number of CRS ports.
5 Conclusion
In this contribution, we discuss the downlink control signaling design for dual-layer beamforming. In summary, we propose that 

· For rank adaptation support, DCI format 1A is used for transmit diversity transmission, and DCI format 2A is used for dual-layer beamforming transmission with fast rank adaptation. 

· Implicit DMRS port indication is used and, besides the removal of precoding information, there’s no change to DCI format 2A for dual-layer beamforming. 
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