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1. Introduction

In RAN1 #58 meeting, followings are agreed for a dual-layer beamforming mode:

· Single transmission mode for Rel-9 Dual-layer beamforming

· could be based on DCI format 2A

· DM-RS patterns

· CDM multiplexing of two layers

· same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10

· DM-RS structure for DwPTS and/or extended CP may be different from regular sub-frames w/ normal CP

· based on performance considerations

· Dynamic indication of DM-RS port is supported in case of rank1 transmission

· to enable scheduling of two UEs with rank-1 transmission using different orthogonal DM-RS 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

· TxD based and also PMI based feedback modes supported for both TDD and FDD

· Baseline: No PMI feedback for TDD and FDD

· PMI based feedback is also supported for TDD and FDD

· Re-use Rel-8 feedback modes as much as possible

From the agreed way-forward [1], the details of dual-layer beamforming are defined for the dual-layer beamforming mode in which orthogonal DM-RS is supported for MU-MIMO support without an indication of co-scheduled UE. As a next step, the downlink control signal format should be designed for the supporting of dual-layer beamforming. Therefore, we discuss further details on the DCI format for dual-layer beamforming with the agreed baseline. 
2. DCI Format for Dual-layer Beamforming Mode
The dual-layer beamforming is agreed as a single transmission mode in Rel-9 as discussed in the way-forward [1] so that a single DCI format should be defined for supporting dual-layer beamforming mode. Since the precoded DM-RS is used for dual-layer beamforming transmission, the TPMI information is not needed to be present in the DCI format. Keeping that in mind, the DCI format for dual-layer beamforming can start with the DCI format 2A in Rel-8 since it is designed for rank adapted open-loop SM. The following table 1 shows the DCI format 2A for open-loop SM in Rel-8.
Table 1. DCI format 2A [2]
	PDCCH field
	Number of bits

	Resource allocation (RA) header
	1 bit

	RB Assignment
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	TPC command for PUCCH
	2 bits

	DAI for TDD only
	2 bits

	HARQ process number
	3 bits (FDD), 4bits (TDD)

	TB to CW swap flag
	1 bit

	TB1 MCS, NDI, RV
	5 bits, 1 bit, 2 bits

	TB2 MCS, NDI, RV
	5 bits, 1 bit, 2 bits

	Precoding information
	0bit (2 CRS) or 2bits (4CRS)


In the table 1, the precoding information can be fixed as ‘0’ bit irrespective of the number of antenna port since the dual-layer beamforming only supports up to two layers. Therefore, only the remaining issue can be how to indicate the DM-RS index between two for rank-1 support. As a transmitted rank indication, codeword enable/disable is used in Rel-8. For the DM-RS index indication in dual-layer beamforming, similar concept can be used as shown in the table 2 [3].

Table 2. DM-RS index indication in Rank-1 transmission
	PDCCH field
	Interpretation

	Codeword ‘0’ enabled
	Rank-1 transmission and DM-RS index ‘0’ is used for demodulation

	Codeword ‘1’ enabled
	Rank-1 transmission and DM-RS index ‘1’ is used for demodulation


As a result, the DCI format for dual-layer beamforming can be defined as table 3. 
Table 3 DCI format for dual-layer beamforming
	PDCCH field
	Number of bits

	Resource allocation (RA) header
	1 bit

	RB Assignment
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	TPC command for PUCCH
	2 bits

	DAI for TDD only
	2 bits

	HARQ process number
	3 bits (FDD), 4bits (TDD)

	TB to CW swap flag
	1 bit

	TB1 MCS, NDI, RV
	5 bits, 1 bit, 2 bits

	TB2 MCS, NDI, RV
	5 bits, 1 bit, 2 bits


3. Summary
In this contribution, we discussed on DCI format for supporting dual-layer beamforming. The discussions can be summarized as follows:
· As a single transmission mode, it seems quite obvious to define a single DCI format for dual-layer beamforming mode.

· DCI format 2A can be the starting point for designing the DCI format supporting dual-layer beamforming.

· Reusing codeword enabling/disabling for indicating DM-RS index seems quite reasonable to minimize unnecessary bit inclusion.

· The table 3 is recommended for the DCI format supporting dual-layer beamforming.
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