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1
Introduction
Good progress was made in RAN1#58 regarding enhanced DL transmission for Release 9 supporting dual-layer beamforming [1]. In particular, the following has been agreed:

· One single transmission mode 

· CDM based DM-RS pattern 

· Dynamic rank adaptation and MU-MIMO are supported, but no explicit indication of SU/MU

· Support of both non-PMI and PMI based channel feedback for FDD and TDD

In this contribution, we analyze the resulting specification impact, focusing on the control channel design. A companion contribution focusing on the channel feedback aspects is summarized in [2].
2
Discussion

2.1 Current Specification
In LTE Rel-8, seven downlink transmission modes are defined. Each UE is semi-statically configured with one of the seven modes. For each mode, a UE may decode PDCCH with two different sizes. One of them is based on DCI format 1A, and the other one is dependent on the specific transmission mode. There are up to 22 PDCCH decoding candidates, with up to 6 from the common search space, and up to 16 from the UE-specific search space. Combined with 2 different DCI format sizes, this leads to up to 44 PDCCH blind decodes. 

Single stream beamforming is supported in Rel-8 via DL transmission mode 7, which is associated with DCI format 1A and DCI format 1.  In this transmission mode, two PDSCH transmission schemes are specified, namely, transmit diversity and antenna port 5 (single stream beamforming). The selection of PDSCH transmission scheme depends on both the DCI format and the RNTI type, as shown in Table 1.
Table 1 Rel-8 PDSCH Transmission Schemes for DL Transmission Mode 7

	
	C-RNTI
	SPS C-RNTI

	DCI Format 1A
	If single antenna, port 0; otherwise, transmit diversity
	Antenna port 5

	DCI Format 1
	Antenna port 5
	Antenna port 5


2.2 New Antenna Pattern and Antenna Ports
CDM based on DM-RS pattern was agreed in RAN1#58 to Release 9 dual stream beamforming. The same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10. In order to support dual-stream beamforming in Rel-9, two new antenna ports should be defined, namely, 
· Antenna port 6 and antenna port 7.
2.3 New DL Transmission Modes

It was agreed in RAN1#58 that DS-BF would be supported by one transmission mode, therefore, we propose the introduction of:

· Transmission mode 8: DS-BF in Rel-9
2.4 MU-MIMO Support

In RAN1#57, it was agreed that dynamic rank adaptation should be supported in Rel-9 dual-stream beamforming. In RAN1#58, it was agreed that regarding SU/MU-MIMO, no explicit signaling of the presence of co-scheduled UE in case of rank 1 transmissions. 
From the UE perspective, 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. We consider that a note capturing this UE behaviour should be included in 36.213. 
2.5 PDCCH Search Space and DCI Formats
The existing design philosophy adopted in Rel-8 regarding PDCCH search space should remain unchanged in Rel-9. To be more specific, for the new DL transmission mode, the same common search space and UE-specific search space design should be kept. The maximum number of PDCCH blind decodes should still be 44. This also implies that for each transmission mode, only two DCI formats should be supported. One is a compact DCI format similar to DCI format 1A and the other one enables dual-stream beamforming support.
2.5.1 Compact DCI Format

DCI format 1A is present for all the seven transmission modes in LTE Rel-8. One purpose of DCI format 1A is to allow a fallback operation as it is size efficient and uses transmit diversity for robust operation. The same principle can be used in Rel-9 for DS-BF, although the actual transmit diversity operation needs further discussion, e.g., transparent precoding shifting or Alamouti-based. In any case, since DCI format 1A has to be size-matched with DCI format 0, the new compact DCI format should have the same size as DCI format 0.

Note that there are two antenna ports associated with each of the new transmission modes. In order to support MU-MIMO operation, a UE has to be explicitly signalled the antenna port index. One bit is sufficient to enable such a signaling. 
In DCI format 1A, there is a flag to indicate whether the assignment is localized or distributed. For UE-RS based beamforming operation, distributed resource allocation is of little value since UE-RS patterns are optimized for the localized assignment type. As a result, it is reasonable to re-interpret this bit as the antenna port index. The resulting DCI format can be called DCI format 1E.

The corresponding PDSCH transmission schemes associated with DCI format 1E rely on one of the new antenna ports, and are up to eNB implementation. This is summarized in Table 2:
Table 2 Rel-9 PDSCH Transmission Schemes for DL Transmission Mode 8, DCI Format 1E

	
	C-RNTI
	SPS C-RNTI

	DCI Format 1E
	Antena port 6 or 7
	Antenna port 6 or 7


2.5.2 Non-compact DCI Format

In LTE Rel-8, DCI format 2 is used to support closed-loop spatial multiplexing and DCI format 2A is used to support open-loop spatial multiplexing. As discussed in [3-7], it is reasonable to build a new DCI format based on DCI format 2A to support dual-stream beamforming in Rel-9. This new DCI format can be called DCI format 2B. 

Since Rel-9 dual-stream beamforming relies on UE-RS (as opposed to CRS), explicit precoding signalling is no longer necessary. Thus, the precoding field originally in DCI format 2A can be removed.
The support of antenna port indication can be achieved via implicit TB association. That is, if only one TB is enabled, TB1 implies the usage of antenna port 6 while TB2 implies the usage of antenna por t 7. 

Table 3 Antenna Port Indication in DCI Format 2B

	Enabled TB
	Antenna Port

	1
	6

	2
	7


It is worth noting that DCI format 2B enables dynamic switch between MU-MIMO and SU-MIMO (and dynamic rank adaptation) operations. 
The corresponding PDSCH transmission schemes associated with DCI format 2B rely on the new antenna ports, and are up to eNB implementation, as summarized  in Table 4:

Table 4 Rel-9 PDSCH Transmission Schemes for DL Transmission Mode 8, DCI Format 2B
	
	C-RNTI
	SPS C-RNTI

	DCI Format 2B
	Antena port 6, 7, or both
	Antenna port 6, 7, or both


3
Conclusions
In this contribution, we investigate the specification impact due to supporting dual-stream beamforming in Rel-9, focusing on the control channel aspects. In particular, two new DCI formats should be supported, one is the compact DCI format 1E derived from DCI format 1A, and the other one is DCI format 2B supporting SU/MU-MIMO derived from DCI format 2A. 
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