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Introduction

In RAN1#58, the following way forward was agreed regarding DL control signalling for dual-layer beamforming in Rel’9 [1]:

· Single transmission mode for Rel’9 dual-layer beamforming.
· Could be based on DCI format 2A.
· DRS pattern for normal subframes of normal CP

· CDM multiplexing of two layers is baseline.
· Dynamic indication of DRS port is supported in case of rank-1 transmission.
· No explicit signalling of the presence of co-scheduled UE in case of rank-1 transmission.

However, the control signalling details, including transmission mode design and DCI formats design, are still open.

In this paper, we give further considerations on the related control signalling design.
Transmission Mode Design
Based on the agreed way forward, the following control signalling options are listed here to design transmission mode (e.g. mode 8) for Rel’9 dual-layer beamforming.
Option 1: 
· DCI format 1A’ is associated only with single-layer beamforming.
· DCI format 1A’ is defined by modifying DCI format 1A to get additional signalling option to indicate DRS port information.

· DCI format 2A’ is associated with both dual-layer and single-layer beamforming.
· DCI format 2A’ is defined by modifying DCI format 2A to get additional signalling options to:

· Switch between dual-layer beamforming and single-layer beamforming.

· Indicate DRS port information in case of 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 only with transmit diversity as in Rel’8.

· DCI format 2A’ is associated with both dual-layer and single-layer beamforming as discussed in previous option.
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 both single-layer beamforming and transmit diversity.
· DCI format 1A’’ is defined by modifying DCI format 1A to get additional signalling options to:

· Switch between single-layer beamforming and transmit diversity.
· Indicate DRS port information.

· DCI format 2A’ is associated with both dual-layer and single-layer beamforming as discussed in previous option.
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


Multiplexing of more than two UEs within one PRB
Support of MU-MIMO in Rel9 beamforming has been concluded in [1] that no explicit signaling of the presence of co-scheduled UE in case of rank-1 transmission, and dynamic indication of DM-RS port is supported in case of rank 1 transmission, which enables scheduling of two UEs with rank-1 transmission using different orthogonal DMRS ports on the same PDSCH resources. As discussed in [2], to allow the UE to track the channel of the co-scheduled UE particularly for the case of relative large residual co-channel interference, the scrambling sequence of the DM-RS should be cell-specific and PRB allocation invariant, this would require UE-ID not being part of scrambling sequence initialization but on the other hand this limits the maximum number of co-scheduled UE to be two which is in contrast with the Rel8 beamforming and URS initialization. One merit of including UE-ID into the scrambling sequence initialization, as in Rel8 beamforming, is that this allows scheduler to multiplex more than two UEs within one PRB to support very attractive cell throughput without relying on particular UE receiver implementation as shown in [3]. In order to gain from both the rank-1 transmission with orthogonal DM-RS port and high performing multi-user beamforming as in Rel8 [3], two alternative ways are considered below: 

1. The UE C-RNTI is included or excluded from the DM-RS initialization depending on a bit in DCI signalling. In this case depending on the bit’s value it would be possible to support both:

· Orthogonal DM-RS-based MU-MIMO with two paired UEs

· Quasi-orthogonal DM-RS-based MU-MIMO without any limitation on the number of paired UEs (the same as supported in Rel-8). 
2. Two scrambling IDs are defined per cell for the purpose of DM-RS scrambling sequence initialization. A bit in DCI signalling is used to select which of the two scrambling IDs is actually used for the DM-RS scrambling initialization. With this option, it would be possible to support both:

· Orthogonal DM-RS-based MU-MIMO with two paired UEs

· Quasi-orthogonal DM-RS-based MU-MIMO with a maximum of four paired UEs

The both above solutions would require that there are two spare bits in DCI 2A in case of rank 1 transmission and one of the bits is used to indicate the orthogonal DM-RS port.

DCI Formats Design
DCI format 1A’ and DCI format 1A’’

For DCI format 1A’ and DCI format 1A’’, the added signalling option is used to indicate allocated DRS port. 
In addition, for DCI format 1A’’, additional signalling option is needed to select transmission schemes as in Table 4.
Table 4 Transmission scheme selection
	Added signalling option
	Transmission scheme

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

	1 
	Transmit diversity


And the following options or the options combination are possible for added signalling option(s) in DCI format 1A’ and 1A’’:

· Re-interpret LVRB/DVRB flag bit:
· Assuming localized assignment only, and using LVRB/DVRB flag bit to indicate DRS port information, or 
· Re-interpretation of LVRB/DVRB flag bit as in Table 5 to select transmission scheme. 
· Still one more bit is needed to select between scrambling ID, or between inclusion and exclusion UE-ID from scrambling sequence initialization
Table 5 LVRB/DVRB flag bit re-interpretation
	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/DRS port via an implicit way, e.g., indicates transmission scheme/DRS port information via the position of PDCCH in the search space.
· Additional scheduling constraint is introduced here.
· Add additional bit(s) 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.
DCI format 2A’
For DCI format 2A’, the added signalling options are used to:
· Switch between dual-layer beamforming and single-layer beamforming.

· Indicate allocated DRS port in case of single-layer beamforming.
· Selection between scrambling ID, or between inclusion and exclusion UE-ID from scrambling sequence initialization

And the following scheme is possible for added signalling options in DCI format 2A’:

· Re-use DCI format 2A to support dual-layer beamforming (or single-layer beamforming via TB on/off mechanism defined in Rel’8).
· Re-interpret “Transport block to codeword swap flag” bit to indicate DRS port information
· Re-interpret the NDI bit associated with the inactivated TB to select between two scrambling ID, or between inclusion and exclusion UE-ID from scrambling sequence initialization.

Conclusions
In this contribution, several options for transmission mode/DCI formats design have been investigated to support dual-layer beamforming in LTE Rel’9. 
On the basis of the investigations, we propose that:

· DCI format based on DCI format 2A is associated with both dual-layer beamforming and single-layer beamforming transmission, 
· re-interpretation of “transport block to codeword swap flag” bit to indicate DRS port information in case of single-layer transmission, 
· and re-interpretation of the NDI bit associated with the disabled TB to select between two scrambling ID, or between inclusion and exclusion UE-ID from scrambling sequence initialization.
· DCI format 1A is only associated with transmit diversity.
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