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1. Introduction

In RAN#44, the proposal was agreed to further evolve the Rel-8 single-layer beamforming based on UE-specific reference signals to support dual-beamforming. At present some topic for discussion on dual-layer enhanced DL transmission was approved and it included fast/dynamic rank adaptation should be supported in WI, aiming at reusing existed mechanism in Rel-8[1]. In RAN#57b, a few companies shared their views on the DL control signaling [2-6]. 

In this contribution, we present our view on the DCI design.

2. Design principle

In Rel-9 DCI format design, it isn’t desirable to increase the complexity at both eNB and UE sides and it’s better to maintain the same number of blind decodes as in Rel-8. Likewise, to introduce too many transmission modes also should be avoided. Consideration of UE’s fast/dynamic rank adaptation based, the DL control signaling should make UE dynamic switching between different states (i.e. between SU and MU or between single and dual beamforming), as depicted in Fig. 1. Additionally, the new-defined DCI format also should consider UE implement above function in same transmission mode, namely, the DCI format can provide the flexible schedule without change transmission mode.
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               Fig. 1 UE’s rank switching
3. DCI format and transmission mode definition
In Rel-9 dual-beamforming, two new antenna ports will be introduced, and the DRS patterns associated with antenna port could be orthogonalized（FDM、TDM or CDM multiplexing）for dual-layer transmission. In new defined DCI format, there need 2 bits to indicate antenna port information in order to UE transmit codeword in corresponding antenna ports without knowing whether other UE in pair or not.

The pre-coding information field in Rel-8 format 2/2A is not present for transmission with two dedicated antenna ports. The 2bit that should be omitted can be used as indication of antenna ports in Rel-9.  

The new defined DCI format 2B is shown in Table 1.
Table 1-Antenna Port flag—2bit
	Antenna Port6
	Antenna Port7
	Port indication for beamforming

	0
	0
	Use Port5，SU single-beamforming

	0
	1
	Use Port7，MU beamforming

	1
	0
	Use Port6，MU beamforming

	1
	1
	Use Port6、7，SU dual-beamforming


When the Antenna Port flag is set 00, UE is in SU signal-beamforming with port 5 as Rel-8. If the one antenna port information field value is set 1, the corresponding port is enabled that implicitly indicates UE in MU dual-beamforming and another UE being co-scheduled. 
The transmission mode 1-7 in Rel-8 can be reused in Rel-9, and the new-defined mode 8 monitors two DCI format----DCI format 1A and DCI format 2B, as depicted in Table 2. The DCI format 1A is the same as in Rel-8 for transmit diversity, and DCI format 2B is shown in Table3 for single or dual-beamforming.  
Table2 - PDCCH and PDCSH for Mode8 supporting 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 
	If the number of PBCH antenna ports is one, single-antenna port, port 0 is used ,otherwise Transmit diversity 

	
	DCI format 2B
	UE specific
	Single-antenna port,port5 ; or Dual-antenna port, port 6 and 7

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific 
	Transmit diversity

	
	DCI format 2B
	UE specific
	Single-antenna port,port5 ; or Dual-antenna port, port 6 and 7


Table 3 - PDCCH DCI Format 2B

	PDCCH Field
	(bits)

	 RA header
	1/0 

	 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

	 TB 1(MCS, NDI ,RV)
	8(5,1,2)

	TB 2(MCS, NDI ,RV)
	8(5,1,2)

	Antenna Port indication field
	2

	 CRC
	16


4. Conclusion

In this contribution, the new DCI format and transmission mode are defined for dual-beamforming in Rel-9. The DCI format 2B includes 2bits antenna port information field which can indicate UE’s rank adaptation switching.
Proposal:
· Define a new DCI format 2B based on DCI format 2A without precoding information field for dual-beamforming. The DCI format 2B implicitly indicates UE’s state (SU or MU). This denotes specific DRS patterns at which UE transmit data streams. 
· Re-use DCI format 1A for transmit diversity without any change.
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