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1 Introduction
In RAN#43 meeting, a work item for Rel-9 was agreed to further extend the single layer beamforming in Rel-8 to dual-layer beamforming [1]. A way forward corresponding to the DM-RS design, feedback signaling, DL control signaling and multi-users supporting issues for dual-layer beamforming was approved in the last RAN1 meeting [2]. 

Most companies have agreed to use a single transmission mode based on DCI format 2A for Rel-9 dual-layer beamforming. Some discussions about the DL control signaling issue were discussed in [3-7]. In this contribution we present some considerations on DL control signaling of dual-layer beamforming.

2 DCI Formats for Dual-layer Beamforming

In Rel-9, two dedicated antenna ports have to be defined for supporting dual-layer beamforming. Therefore, DCI format 2A corresponding to open loop spatial multiplexing transmission in Rel-8 with two independent transport blocks can be re-used for dual-layer beamforming. However, the precoding information bits (0 bits for 2 antenna ports, 2 bits for 4 antenna ports) in DCI format 2A are no longer useful since the DM-RS are applied for dual-layer beamformimg. There are two options for this DCI format:
· Option 1: 
Re-use DCI format 2A for dual-layer beamforming in Rel-9, and reserve the precoding information field. Since there is no need to define a new DCI format, it does not increase the implementation complexity and it is compatible with Rel-8. However, the waste of precoding information bits should be considered.
· Option 2:

Define a new DCI format (named as 2B) based on DCI format 2A and omit the precoding information field. Obviously, it does not waste any signaling bits, but it has DCI format specification changes. 
Considering only two precoding information bits for 4 antenna ports configuration in option 1 and the increased implementation complexity in option 2, we propose option 1. 
For dual-layer beamforming transmission, two transport blocks should be enabled corresponding to two DM-RS antenna ports. However, when one of the transport blocks is disabled, DCI format 2A can be associated with single-layer beamforming or transmit diversity transmission scheme of PDSCH. There are two options:
· Option 1: 

DCI format 2A can only be associated with single-layer beamforming or transmit diversity.

· Option 2:
DCI format 2A can be associated with single-layer beamforming and transmit diversity. These two transmission schemes can be distinguished by one control signaling bit. 
Although option 2 needs to have one control signaling bit to indicate the transmission scheme, it is just re-using the existed bit (it will be discussed below) and there is no other affect on specification. Since DCI format 2A can be associated with transmit diversity when one transport block is disabled in transmission mode 3 and 4 in Rel-8, in order to have good scheduling flexibility and compatibility with Rel-8, we propose option 2.
In DCI format 2A one of the transport blocks is disabled if 
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and rvidx = 1 [7]. Therefore, the new data indicator (NDI) bit in the disabled transport block is no longer useful. Thus, we can use this information bit to indicate the transmission scheme between single-layer beamforming and transmit diversity when one transport block disabled. The transmission scheme indicator field mapping is shown in Table 1. The information field size corresponding to the new DCI format 2A in Rel-9 is shown in Table 2. 
Table 1 The transmission scheme indicator field – 1 bit
	transmission scheme indicator
	Transmission scheme of PDSCH corresponding to PDCCH

	0
	Transmit diversity 

	1
	Single-layer beamforming


Table 2 The information field size corresponding to the new DCI format 2A in Rel-9
	PDCCH Field
	（bits）

	RA 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(TB1 enabled) or transmission scheme indicator (TB1 disabled)
	1

	RV transport block 1
	2

	MCS transport block 2
	5

	NDI transport block 2(TB2 enabled) or transmission scheme indicator (TB2 disabled)
	1

	RV transport block 2
	2

	CRC
	16

	PMI
	0 for two antenna ports

2 for four antenna ports


Furthermore, if only one transport block is enabled, enabled transport block index can be used to dynamically indicate the DM-RS antenna port for rank 1 transmission, as shown in Table 3.
Table 3 Enabled TB index indicate DM-RS antenna port in DCI format 2A
	Enabled TB Index
	DM-RS Antenna Port

	1
	7

	2
	8


Note: we assume antenna port 7 and port 8 to be DM-RS ports for dual-layer beamforming transmission. 
Additionally, DCI format 1A can be associated with single-layer beamforming transmission scheme with dynamic indication of DM-RS antenna port. There are several ideas to have one control signaling bit to indicate the DM-RS antenna port:
· By applying a CRC mask to the PDCCH CRC scrambled by C-RNTI to have one DM-RS port indication bit. This would cause reduction of the available number of C-RNTIs. 
· By remapping the LVRB/DVRB flag bit to have one DM-RS port indication bit. Therefore, the system can not choose virtual resource blocks of distributed type, but only use virtual resource blocks of localized type.  
· By adding one DM-RS port indication bit. It increases the payload of DCI format 1A, and a new DCI format has to be defined. Therefore, it would have specification changes.
According to the discussion above, we suggest that DCI format 1A should correspond to transmit diversity when PDCCH and PDSCH are configured by C-RNTI.
On the other hand, it is worth noticing that DCI format 1A corresponds to single-antenna port when PDCCH and PDSCH are configured by SPS C-RNTI in transmission mode 7 in Rel-8. It is reasonable to keep this specification in the dual-layer beamforming transmission in Rel-9. For the DM-RS antenna port, we have two options below;

· Option 1: 
DCI format 1A can be associated with single-layer beamforming with fixed antenna port.

· Option 2: 
DCI format 1A can be associated with single-layer beamforming with one signaling bit to indicate the DM-RS antenna port.

When UE consider the received DCI information accordingly as a valid semi-persistent activation, HARQ process number, MSB of MCS, RV and NDI signaling bits in DCI format 1A are set to be virtual CRC bits as shown in Table 4 [8]. Because option 2 requires one signaling bit, so we can remap one of these virtual CRC bits to be the DM-RS port indication bit, and it will not impact the system performance dramatically. For instance, the MSB of MCS in the DCI format 1A can be used to indicate the DM-RS port as shown in Table 5.
Table 4 Special fields for Semi-Persistent Scheduling Activation PDCCH Validation
	
	DCI format 1A

	HARQ process number
	FDD: set to ‘000’

TDD: set to ‘0000’

	Modulation and coding scheme
	MSB is set to ‘0’

	Redundancy version
	set to ‘00’

	NDI
	set to ‘0’


Table 5 DM-RS antenna port indication
	MSB of MCS
	DM-RS antenna port

	0
	Port 7

	1
	Port 8


We propose to remap one of the virtual CRC bits in the DCI format 1A to indicate DM-RS port dynamically when PDCCH and PDSCH are configured by SPS C-RNTI. 
3 A New Transmission Mode for Dual-layer Beamforming in Rel-9
Because dual-layer beamforming is not supported in LTE R8 specification, so we propose a new transmission mode to support dual-layer beamforming in LTE R9, as shown in Table 6. DCI format 1A only corresponds to transmit diversity transmission scheme when PDCCH and PDSCH are configured by C-RNTI, and corresponds to single-layer beamforming when PDCCH and PDSCH are configured by SPS C-RNTI. DCI format 2A corresponds to dual-layer beamforming, single-layer beamforming or transmit diversity transmission scheme.
Table 6 PDCCH and PDSCH for Mode 8 in Rel-9 supporting 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 by C-RNTI
	Transmit diversity

	
	DCI format 2A
	UE specific by C-RNTI
	Dual-layer beamforming or single-layer beamforming or transmit diversity

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific by SPS C-RNTI 
	single-layer beamforming  

	
	DCI format 2A
	UE specific by SPS C-RNTI
	Dual-layer beamforming or single-layer beamforming or transmit diversity


4 Conclusion

In this contribution we defined a new transmission mode with corresponding DCI formats to support dual-layer beamforming in Rel-9. According to the analysis above, we have conclusions below:
· DCI format 1A is associating with transmit diversity for C-RNTI configuration and single-layer beamforming for SPS C-RNTI configuration. 
· It is possible to remap one of the virtual CRC bits to indicate the DM-RS antenna port when PDCCH and PDSCH are configured by SPS C-RNTI.

· DCI format 2A corresponds to dual-layer beamforming transmission scheme when two transport blocks are enabled. 
· We can re-use the NDI bit of disabled transport block to indicate transmission scheme between single-layer beamforming and transmit diversity when there is only one transport block enabled. 
· On the other hand, enabled transport block index can be used to dynamically indicate the DM-RS antenna port for rank 1 transmission. 
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