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1. Introduction

In RAN1#58 [1], the following was agreed as a way forward relating to control signaling support for dual-layer beamforming using UE specific RS for both LTE-TDD and FDD in Rel-9:

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

· could be based on DCI format 2A 
· CDM multiplexing the DM-RS of the two layers

· Specification of dynamic indication of DM RS port in case of rank-1 transmission to enable scheduling of two UEs with rank-1 transmission using different orthogonal DM RS ports on the same PDSCH resources
· SU/MU assumption

· No explicit signaling 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
In this contribution we outline the control signaling needed to support dual-layer beamforming using UE specific RS. We extend the principles of Rel-8 single-layer beamforming control signaling to define new DCI formats and procedures for efficient support dual-layer beamforming with no increase in UE complexity. 

2. PDCCH Blind Detection
New DCI formats are likely to be introduced to support dual-layer DRS-based beamforming in LTE Rel-9. However, it is desirable to maintain the same number of blind decodes (44) as in Rel-8 to support the additional PDCCH candidates within the Rel-9 time frame. Thus, a new transmission mode should be defined in which a UE is semi-statically configured via higher layer signaling to receive PDSCH data transmissions to support dual-layer DRS-based beamforming scheme. In this mode, the UE monitors 2 DCI formats – DCI format 1A and a new DCI format to support dual-layer DRS-based beamforming. 

3. DCI format for dual-layer beamforming using UE specific RS 
To support dual-layer beamforming, UE-specific RS signals transmission on a new antenna ports – port 6, 7 – (DRS pattern 0, 1 for layer 0, 1) needs to be defined in addition to the existing single-layer Rel-8 UE-specific RS signals (or newly defined UE-specific RS signals) on antenna port 5 (DRS pattern 0’). It has been agreed in RAN1#57 that the RS overhead and set of RS REs would be the same for single-layer and dual-layer beamforming RS with 12 DRS REs per RB. With the agreed CDM multiplexing, the DRS pattern 0 and 1 for dual-layer beamforming occupy the same set of REs with different orthogonal code/sequences between pair of RS OFDM symbols. Also, the newly defined rank-1/single-layer DRS pattern (DRS pattern 0’) and the layer 0 rank-2/dual-layer DRS pattern (DRS pattern 0) are same.

 The UE-specific RS signals may additionally be power boosted relative to the PDSCH data RE (e.g., in case of non-transparent MU operation). The ratio of PDSCH EPRE to UE-specific RS EPRE for each OFDM symbol in RB assigned to UE can be configured by higher-layer signaling. 
Since, non-codebook precoding is used with UE-specific RS, the required control signaling is similar to DCI format 2/2A (independent MCS, NDI, RV for the two transport blocks) with differences in the precoding information field.   
4. Single transmission mode for SU-MIMO and MU-MIMO with Beamforming – Dynamic Switching
With the use of UE-specific RS, there is no need to signal precoding information and it is possible to support SU-MIMO and MU-MIMO beamforming in the same transmission mode (where the UE monitors DCI format similar to DCI 1A and 2A with no precoding information bits) without any increase in UE complexity due to additional PDCCH blind decodes. A new transmission mode, e.g. mode 8, can be defined to support SU and MU-MIMO beamforming transmission scheme. A UE in transmission mode 8 monitors two DCI formats – modified DCI format 1A and a new DCI format 2B to support SU/MU-MIMO DRS-based beamforming.
DCI format 2B (based on Rel-8 DCI format 2/2A with no precoding information bits) enables frequency-selective SU/MU-MIMO operation using type 0/1 resource allocation while DCI 1A supports localized/distributed contiguous resource allocation (type 2 RA). Frequency-selective MU-MIMO operation - UE pairing on a per-RB or RB group - may be beneficial especially in the case of TDD where more accurate channel information is available at the eNB due to exploitation of channel reciprocity and uplink sounding. 

DCI Format 2B

Single-user (SU) dual-layer DRS-based beamforming via DCI Format 2B is supported by beamforming (single-antenna port transmission) of PDSCH codeword 0 (on layer 0) and associated UE-specific RS (DRS pattern 0) on antenna port 6. Likewise, beamforming of PDSCH codeword 1 (on layer 1) and associated UE-specific RS (DRS pattern 1) corresponds to transmission on antenna port 7.

In case one of the SU transport blocks is disabled (i.e., rank-1 transmission), the other transport block is mapped to codeword 0 as in current LTE Rel-8 DCI Format 2/2A.  The UE is signaled the antenna port on which the PDSCH codeword 0 and UE-specific RS is transmitted. This indication of the antenna port also enables support of MU rank-1 transmissions using different orthogonal DM RS antenna ports. The UE is not explicit signaling of the presence of co-scheduled UE in case of rank 1 transmission and thus cannot assume that the other DM RS antenna port is not associated with PDSCH assigned to another UE. The 1-bit Antenna port indicator field mapping is shown in Table 1.

Table 1 - Antenna Port Indicator field – 1 bit

	Bit field mapped to index
	Antenna Port

	0
	antenna port 6

	1
	antenna port 7


With single transport block PDSCH transmission (e.g., transport block 1 enabled and transport block 2 disabled, rank-1 MU), the 1-bit antenna port information can be indicated in DCI format 2B by re-using one of the unused/reserved bits.  When a transport block is disabled (i.e., if 
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 and if rvidx = 1), there are two unused/reserved bits in DCI format 2A/2B (also in DCI format 2):

1. transport block to codeword swap flag - 1 bit

2. New data indicator of the disabled transport block – 1 bit 

One of the two unused bits can be used to signal the additional 1-bit antenna port information field without increasing the information size of DCI format 2B. The PDCCH information field sizes for PDCCH DCI Format 2B supporting both SU and MU DRS-based beamforming are given in Table 2. A few additional padding bits can be added (depending on the number of antenna ports at eNode-B, not shown) to make DCI format 2B to be the same size as of DCI format 2A to minimize the number of distinct DCI sizes [2]. Additional padding bits also serve as a CRC extension and hence reduce false DL PDCCH detection.
Table 2 - PDCCH DCI Format 2B supporting SU-MIMO and MU-MIMO beamforming.
	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 (both TB enabled) or antenna port information (one TB enabled)
	1

	 MCS transport block 1 
	5

	 NDI transport block 1 
	1

	 RV transport block 1
	2

	 MCS transport block 2 
	5

	 NDI transport block 2 
	1

	 RV transport block 2
	2

	 CRC
	16


DCI Format 1A’
It is desirable especially for cell-edge UEs to support the smaller size of single transport block PDCCH format 1A for rank=1 transmissions compared to dual transport block PDCCH format 2B. Also, it is desirable to support both transmit diversity and single antenna port transmission in DCI format 1A’ (same size as Rel-8 DCI format 1A, but modified by CRC mask and/or bit remapping). This can be achieved by applying a CRC mask to the PDCCH CRC scrambled by the C-RNTI [5]. The antenna port (port 6 or 7) information for single antenna port rank-1 transmission and PDCCH CRC scrambled by the C-RNTI can be indicated by re-mapping one of the bits in DCI format 1A (e.g., localized/distributed RA flag - assuming localized assignment only for rank-1 beamforming, MSB bit of MCS field – MCS MSB bit assumed to be 0). 
One possibility of the PDCCH information field sizes for PDCCH DCI Format 1A’ (same size as 1A) are given in Table 3. 
Table 3 - PDCCH DCI Format 1A’
	PDCCH Field
	(bits)

	 Format 0/1A flag
	1

	 Localized/Distributed RA flag

(Tx diversity) or Antenna port 

 Information (single antenna port tx)
	1

	 RB assignment 
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	 MCS
	5

	 HARQ Process ID
	3 (FDD), 4 (TDD)

	 NDI
	1

	  RV
	2

	 TPC
	2

	 DAI 
	2 (TDD only)

	 CRC with CRC mask

 (Tx diversity or single antenna port)
	16


Transmission Mode 8
Thus, in this transmission mode 8 supporting both SU-MIMO and MU-MIMO beamforming with type 0, 1 and 2 resource allocation, the UE monitors 2 DCI formats – modified DCI format 1A (same size as Rel-8 DCI format 1A, but modified by CRC mask and/or bit remapping) and DCI format 2B without any increase in the number of blind decodes as shown in Table 4.
Table 4 - PDCCH & PDSCH for Mode 8 supporting both SU-MIMO and MU-MIMO 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 
	Transmit diversity or single-antenna port, port 6 or 7

	
	DCI format 2B
	UE specific
	single-user MIMO or Multi-user MIMO; Single/Dual-antenna port; port 6 and/or 7

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A’ or 1A’’
	Common and UE specific 
	single-antenna port; port 6 or 7

	
	DCI format 2B
	UE specific
	Single-user MIMO or Multi-user  MIMO; Single/Dual-antenna port; port 6 and/or 7


As shown in Table 4, if a UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the PDSCH transmission scheme corresponding to PDCCH DCI format 1A’ is single-antenna port.  The antenna port (port 6 or 7) information in this case can alternatively be indicated by CRC mask as in the case of DCI format 0 for UL antenna selection without needing to re-map the localized/distributed RA flag as shown in Table 5 for PDCCH DCI Format 1A’’ (same size as 1A). Additionally, as in Rel-8, when a UE configured in transmission mode 8 receives a modified DCI Format 1A assignment, the UE assumes that the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled.
Table 5 - PDCCH DCI Format 1A’’

	PDCCH Field
	(bits)

	 Format 0/1A flag
	1

	 Localized/Distributed RA flag
	1

	 RB assignment 
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	 MCS
	5

	 HARQ Process ID
	3 (FDD), 4 (TDD)

	 NDI
	1

	  RV
	2

	 TPC
	2

	 DAI 
	2 (TDD only)

	 CRC with CRC mask

 (antenna port 6 or 7)
	16


Thus, it is possible to introduce a single additional transmission mode (mode 8) to support both SU-MIMO and MU-MIMO beamforming with UE-specific RS and thus enable switching between the two transmission schemes. Similar control channel signaling considerations for SU-MIMO dual-layer beamforming have been presented in [6], [7].
5. Conclusion

In this contribution we discussed the control signaling needed to support SU-MIMO and MU-MIMO dual-layer beamforming using UE specific RS. We extend the principles of Rel-8 single-layer beamforming control signaling to define new DCI formats ( 2B, 1A’ ) and new transmission mode 8 for efficient support of both SU-MIMO and MU-MIMO beamforming with UE-specific RS without any increase in the number of blind decodes. A few padding bits can be added (depending on the number of antenna ports at eNode-B) to make the size of the new DCI formats to be the same as existing Rel-8 DCI formats ( 2A) to minimize the number of distinct DCI sizes supported for a particular bandwidth. Additional padding bits also serve as a CRC extension and hence reduce false DL PDCCH detection.
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