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Overview of Contribution

This paper discusses the control signalling issue for dual-layer beamforming. Recommendations are proposed for DM-RS port indication for rank-1 transmission and also for the detailed DCI format for dual-layer beamforming.
1 Introduction
The work item “Enhanced DL transmission for LTE” was agreed in RAN #43 and later on updated in RAN #44 [1] to further extend the Rel-8 single-layer beamforming to single-user dual-layer beamforming based on the UE specific reference signals (or dedicated reference signals, DRS). The agreements for this WI as-of RAN1 Meeting 58 are summarized in the following bullet chart from the agreed way forward [2]. 

Conclusion from the summary

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

· could be based on DCI format 2A 

· DM-RS patterns 

· CDM multiplexing of two layers as shown next slide is baseline

· 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 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 signalling 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
· Reuse Rel-8 feedback modes as much as possible
This paper discusses the control signalling open issues for dual-layer beamforming, based upon this agreed way forward in last RAN 1 meeting. 

2 Discussion
Since it was agreed at the RAN1 meeting 58 that there will be no explicit signalling support for MU-MIMO, for the convenience of this discussion we define “single-port beamforming” to represent SU/MU rank-1 transmission without distinguishing between SU and MU. 
2.1 DCI Signalling for Dual-layer Beamforming 
It has been agreed that dynamic indication of DM-RS port is supported in case of rank 1 transmission.  Proposals such as option 3 preferred in [3] that use DCI format 1A to support both transmit diversity and single-port beamforming may not be optimal since this requires an additional bit to the existing DCI format 1A for some cell transmission bandwidths to indicate the DM-RS port.   Therefore, it is preferred that DCI format 1A is used to support only transmit diversity. Single-port beamforming would be supported only using DCI based on format 2A with one codeword disabled. 
Proposal 1: Recommend that DCI format 1A be associated with transmit diversity only;  DCI based on format 2A is associated with dual-layer beamforming and single-DRS port beamforming (when one codeword is disabled). 

In DCI format 2A, one of the codewords is disabled when 
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and rvidx = 1. Hence, the NDI bit for the disabled codeword can be reused to signal the DM-RS port information for single-port beamforming, for example, ports 6 and 7. The DM-RS port information field mapping is shown in Table 1. The information field size corresponding to the new DCI format 2A is shown in Table 2. 
Table 1: The DM-RS port information field – 1 bit
	DM-RS port field
	DM-RS port associated with PDSCH

	0
	Port 6 

	1
	Port 7


Table 2: The information field size corresponding to the DCI based format 2A
	Information Field
	Bit number

	Resource allocation header
	1/0 (for 1.4 MHz)

	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

	NDI transport block 1(when TB1 enabled) or DM-RS port info (when TB1 disabled)
	1

	RV transport block 1
	2

	MCS transport block 2
	5

	NDI transport block 2(when TB2 enabled) or DM-RS port info (when TB2 disabled)
	1

	RV transport block 2
	2

	CRC
	16

	Precoding information
	TBD (0/2 or 0)


Proposal 2: Recommend RAN 1 to utilize the unused NDI bit of the disabled codeword in DCI based on format 2A to signal DM-RS port information.
As described in [3-5], there are two options to reuse DCI format 2A for Rel-9 dual-layer beamforming:

Option 1: DCI format to support dual-layer beamforming has the same length of DCI format 2A in LTE Rel-8 regardless the number of Tx antenna ports at the eNB. For the case of 4 Tx antenna ports, the two bits of precoding information field are ignored or treated as padding bits as in [4, 5]. 

Option 2: DCI format to support dual-layer beamforming has the same length of DCI format 2A in LTE Rel-8 with 2 Tx antennas (i.e., does not contain precoding info field) regardless of the number of Tx antenna ports at the eNB [3, 4]. 

For the case where eNB has 2 Tx antenna ports, there is no difference between options 1 and 2. For the case of 4 Tx antenna ports, option 1 has the advantage of minimizing the number of distinct DCI lengths for a Rel-9 UE, but it comes with the cost of redundant padding bits. Option 2 has no redundant padding bits, therefore less signalling overhead. Although it increases the number of distinct DCI lengths for a Rel-9 UE, it does not increase the number of blind decoding efforts when a Rel-9 UE is configured by RRC signalling to be in the transmission mode 8 for dual-layer beamforming. Therefore, option 2 is preferred. 
Proposal 3: Recommend RAN 1 to adopt the reused DCI format 2A without precoding information field to support dual-layer beamforming in Rel-9.
3 Summary and conclusion
In this contribution, we discuss downlink control signalling to support dual-layer beamforming and made the following recommendations:

Proposal 1: Recommend that DCI format 1A is associated with transmit diversity only; DCI based on format 2A is associated with dual-layer beamforming and single-DRS port beamforming (when one codeword is disabled). 
Proposal 2: Recommend RAN 1 to utilize the unused NDI bit of the disabled codeword in DCI based on format 2A to signal DM-RS port information.

Proposal 3: Recommend RAN 1 to adopt the reused DCI format 2A without precoding information field to support dual-layer beamforming in Rel-9.
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