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Introduction

In RAN#43 meeting, a work item for Rel’9 was agreed to further extend the single-layer beamforming in Rel’8 to single user dual-layer beamforming. 
In RAN#57 meeting, we have presented our views about the Tx/Rx mismatch [1], non-orthogonal DRS based multi-user beamforming [2], feedback signalling [3], and layer shifting [4] for dual-layer beamforming in Rel’9. Especially, in [2], we have shown that Grid of Beams-type of SDMA can provide high multi-user gains, which is not necessary to be based on orthogonal DRS assignment.
In this paper, we give some considerations on DL control signalling for dual-layer beamforming to stimulate the related discussions.

Preliminary Considerations
Transmission mode definition: 
· To maintain the same number of blind decoding efforts as in Rel’8, it is better to:
· Configure a UE to support dual-layer beamforming via higher layer. 
· Configure a UE to monitor two DCI formats (i.e. similar thinking as in Rel’8) – DCI format 1A and another DCI format supporting dual-layer beamforming (re-use existing DCI format or define a new DCI format).

· Proposal: a new transmission mode (e.g. mode 8) is defined to support dual-layer beamforming in Rel’9.
DCI format to support dual-layer beamforming: 
· Considering dual-layer and potentially two-codeword beamforming PDSCH transmission, the required control signalling is similar to DCI format 2/2A with differences in the precoding information field (0 bit in the case of 2 CRS antenna ports, and 2 bits in the case of 4 CRS antenna ports) by taking precoded DRS into account. To support dual-layer beamforming, the following two options are available from DCI format perspective:
· Re-use DCI format 2A i.e. keep and ignore the 0 or 2bits precoding information field to minimize implementation complexity/specification changes.

· Define a new DCI format based on DCI format 2A without “precoding information” field hence yield to new DCI format size in case of 4 CRS antenna ports.
· Proposal: 
· Re-use DCI format 2A to support dual-layer beamforming (or single-layer beamforming via TB on/off mechanism defined in Rel’8).
· One pre-defined DRS port is linked to codeword 0 in the case that one TB is disabled.
Transmission Schemes and DCI Formats in New Transmission Mode
Based on previous considerations, the following control signalling options are listed here to support dual-layer beamforming in Rel’9.
Option 1: 
· DCI format 1A is associated with single-layer beamforming (pre-defined/or higher-layer defined DRS port).

· DCI format 2A is associated with dual-layer beamforming or single-layer beamforming. 
Table 1 PDCCH and PDSCH for Mode 8 in Rel’9 (Option 1)
	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 
	Single-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific 
	Single-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port


Option 2: 
· DCI format 1A is associated with transmit diversity.

· DCI format 2A is associated with dual-layer beamforming or single-layer beamforming.

Table 2 PDCCH and PDSCH for Mode 8 in Rel’9 (Option 2)
	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-DRS port or single-DRS port

	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-DRS port or single-DRS port


Option 3: 
· DCI format 1A’ is associated with single-layer beamforming (with pre-defined/or higher-layer defined DRS port) and transmit diversity.
· DCI format 1A’ is defined by modifying DCI format 1A to get one additional signalling option to switch between single-layer beamforming and transmit diversity at a given transmission instance.
· DCI format 2A is associated with dual-layer beamforming or single-layer beamforming.
Table 3 PDCCH and PDSCH for Mode 8 in Rel’9 (Option 3)

	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, or single-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A’
	Common and UE specific 
	Transmit Diversity, or Single-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port


For DCI format 1A’, the added signaling option is used to select transmission schemes as shown in Table 4.
Table 4 Transmission scheme distinguish for option 3

	Added signaling option
	Transmission scheme

	0
	Single-layer beamforming (with single-DRS port)

	1 
	Transmit diversity


And the following options are possible for added signaling option in DCI format 1A’:
· CRC mask [5]: 

· One bit is provided via CRC mask as in the case of DCI format 0 for UL antenna selection, which corresponds to reduced CRC protection length and reduced number of C-RNTIs.
· The impact to false positive probability is limited to the UEs configured to transmission Mode 8 but should be evaluated carefully.
· Re-interpret LVRB/DVRB flag bit:

· LVRB/DVRB flag bit in DCI format 1A is re-interpreted as in Table 5. 

Table 5 LVRB/DVRB flag bit re-interpretation in option 3

	LVRB/DVRB bit re-interpretation
	Transmission scheme

	0
	Single-layer beamforming (with localized VRB assignment)

	1
	Transmit diversity (with distributed VRB assignment)


· Implicit indication:
· Indicate transmission scheme via an implicit way, e.g., indicate transmission scheme via the position of PDCCH in the search space – one position set is associated with transmit diversity, and another position set is associated with single-layer beamforming.
· Additional scheduling constraint is introduced here.
· Add one bit to DCI format 1A payload:
· Simple way, and could re-use “padding bit” in some cases potentially.

· In the case of coexistence between Rel’8 UE and Rel’9 UE, such an implementation will increase blind detection efforts potentially.

· Not optimal from minimum implementation complexity/specification changes perspective.

Conclusions
In this contribution several options for transmission mode/DCI format design have been investigated to support dual-layer beamforming in LTE Rel’9. It is noted that the proposed options for DL dual-layer beamforming is in good synergy with the CDM DRS scheme presented in [6] and the hybrid CDM DRS scheme presented in [7], mainly because these schemes operate on a single rank-1 pattern. 

On the basis of the investigations, we propose that:

· A new transmission mode (e.g. mode 8) is defined to support dual-layer beamforming.

· Option 3 proposed in previous section is preferred to support dual-layer beamforming.

· DCI format 1A (or DCI format based on DCI format 1A) is associated with single-layer beamforming or transmit diversity.

· DCI format 2A is associated with dual-layer beamforming (or single-layer beamforming via TB on/off mechanism defined in Rel’8). 

· One pre-defined DRS port is linked to codeword 0 in the case that one TB is disabled.
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