
3GPP TSG RAN WG1 Meeting #58b
                                                                   R1-094122
Miyazaki, Japan, October 12 – 16, 2009
Source:
CATT
Title:
Design of DL Control Signaling for Rel-9 Dual Layer Beamforming 
Agenda Item:
6.4.2
Document for:
Discussion and Decision
1. Introduction
In RAN1-58, the following agreement [1] on Rel-9 dual layer beamforming was achieved.
· Single transmission mode for Rel-9 Dual-layer beamforming
· could be based on DCI format 2A 

· DM-RS patterns 

· CDM multiplexing of two layers as shown next slide is baseline

· same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10

· DM-RS structure for DwPTS and/or extended CP may be different from regular sub-frames w/ normal CP

·  based on performance considerations

· Dynamic indication of DM-RS port is supported in case of rank 1 transmission

· To enable scheduling of two UEs with rank-1 transmission using different orthogonal DMRS 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

· LS to RAN4 with action to consider defining test for such use case

· TxD based and also PMI based feedback modes supported for both TDD and FDD

· Baseline:  No PMI feedback for TDD and FDD

· PMI based feedback is also supported for TDD and FDD

· Re-use Rel-8 feedback modes as much as possible

One of the remaining issues is the DL control signaling design for dual layer beamforming, which has been discussed in [2] – [10]. In this contribution, we show our preference on this topic. Throughout this contribution, we assume a new transmission mode 8 is defined for Rel-9 dual layer beamforming. In addition, the two new antenna ports corresponding to the DM RS pattern in [1] are referred to as AP 7 and AP 8, respectively. 
2. Control Signaling Design for Rel-9 Dual Layer Beamforming
In order not to increase the number of UE PDCCH blind decodings compared to Rel-8, the new transmission mode 8 for Rel-9 dual layer beamforming shall consist of at most two DCI format sizes. The following aspects shall be considered for detailed Rel-9 control signaling design:
· Reusing DCI format 2A or defining a new DCI format 2B

· Explicit or implicit antenna port indication

· DCI format and PDSCH transmission with C-RNTI and SPS C-RNTI
In [1], it is agreed that the DCI format for Rel-9 dual layer beamforming can be based on DCI format 2A. Due to the presence of DM RS, the demodulation of PDSCH at UE side does not require the precoding information. Hence, the “precoding information” field in DCI format 2A is no longer necessary for Rel-9 dual layer beamforming. Note that the “precoding information” field in DCI format 2A contains 0 or 2 bits for systems with 2 or 4 PBCH antenna ports, respectively. It is therefore possible to directly reuse DCI format 2A for Rel-9 by specifying that if DCI format 2A is used for transmission mode 8, then the “precoding information” field always contains 0 bit irrespective of the number of PBCH antenna ports. An alternative approach is to introduce a new DCI format 2B without the “precoding information” field, as shown in Table 1, which makes the specification clearer. Therefore, we have the following proposal:

· A new DCI format 2B as shown in Table 1 shall be defined in Rel-9 dual layer beamforming
Table 1: DCI format 2B

	PDCCH Field
	Bit width

	Resource allocation header
	1 or 0 (1.4 MHz)

	Resource block assignment
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	TPC command for PUCCH
	2

	Downlink Assignment Index
	2 (TDD only)

	HARQ process number
	3 bits (FDD), 4 bits (TDD)

	Transport block to codeword swap flag
	1

	TB1 MCS
	5

	TB1 NDI
	1

	TB1 RV
	2

	TB2 MCS
	5

	TB2 NDI
	1

	TB2 RV
	2

	CRC
	16


The way forward in [1] also specifies that dynamic indication of DM RS port is supported in case of rank 1 transmission. Due to the property of dynamic indication, L1/L2 control signaling shall be used to support such functionality. Note that either implicit or explicit L1/L2 control signaling is possible. For example, one straightforward implicit approach is to associate TB1 with AP7 and TB2 with AP8. In other words, if TB1 is enabled, then AP7 is used, or if TB2 is enabled, then AP8 is used. One advantage of the implicit approach is that no additional control overhead is required. On the other hand, the implicit approach cannot be extended to Rel-10 systems where more than 2 DM RS ports exist while the maximum number TBs remains at 2. The explicit approach shall include several additional bits in the DCI format, with the main advantage of being possibly forward compatible. However, since it is still unclear how DM RS port indication shall be done in Rel-10, it is difficult to decide on the number of required bits. Therefore, we have the following proposal:
· For transmission mode 8 (i.e. Rel-9 dual layer beamforming), TB1 is associated with antenna port 7 and TB2 is associated with antenna port 8. 
For PDSCH transmission with a corresponding PDCCH configured with C-RNTI, transmit diversity shall be supported with DCI format 1A and dual layer beamforming shall be used with DCI format 2B. Transmit diversity guarantees reliable communication link during transmission mode switching. Further, with the support of dynamic antenna port indication, single layer beamforming (i.e. antenna port 7 or 8) can be enabled with DCI format 2B, in addition to dual layer beamforming (i.e. antenna pot 7 and 8). It has been proposed in several contributions, e.g. [7][9] that single layer transmission shall also be supported with DCI format 1A, which reduces PDCCH overhead. On the other hand, none of the available proposals can efficiently support both transmit diversity and single layer transmission with DCI format 1A. For example, different CRC masks can be used with DCI format 1A to distinguish transmit diversity or single layer beamforming, which increases the PDCCH false detection probability. Another approach is to use the DVRB/LVRB bit to indicate transmit diversity or single layer beamforming [7], which has PDSCH scheduling constraint since transmit diversity is limited to DVRB and beamforming is limited to LVRB. Other approaches include using different PDCCH search spaces or having additional bits in DCI format 1A, which either has scheduling restriction or increases the number of UE PDCCH blind decodings. Therefore, we have the following proposal:
· For transmission mode 8, PDSCH transmission with a corresponding PDCCH configured by C-RNTI shall follow Table 2. 
Table 2: PDCCH and PDSCH configured by C-RNTI
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 8
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2B
	UE specific by C-RNTI
	Antenna port 7 and/or antenna port 8


For PDSCH transmission with a corresponding PDCCH configured by SPS C-RNTI, only transmit diversity or single antenna port is supported in Rel-8. Hence, for transmission mode 8, either transmit diversity or single layer beamforming can be used, which are shown in Tables 3 and 4, respectively. Note that since SPS service is expected to be a single user transmission, a fixed antenna port 7 is specified in Table 3 with single layer beamforming. We propose that
· For transmission mode 8, PDSCH transmission with a corresponding PDCCH configured by SPS C-RNTI shall follow either Table 3 or Table 4. 
Table 3: PDCCH and PDSCH configured by SPS C-RNTI: Option 1
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 8
	DCI format 1A
	Common and

UE specific by C-RNTI
	Antenna port 7

	
	DCI format 2B
	UE specific by C-RNTI
	Antenna port 7


Table 4: PDCCH and PDSCH configured by SPS C-RNTI: Option 2
	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 8
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity

	
	DCI format 2B
	UE specific by C-RNTI
	Transmit diversity


3. Conclusions
In this contribution, we discuss several aspects on downlink control signaling design for Rel-9 dual layer beamforming. Specifically, we have the following proposals for RAN1 consideration:

· A new DCI format 2B as shown in Table 1 shall be defined in Rel-9 dual layer beamforming
· For transmission mode 8 (i.e. Rel-9 dual layer beamforming), TB1 is associated with antenna port 7 and TB2 is associated with antenna port 8. 
· For transmission mode 8, PDSCH transmission with a corresponding PDCCH configured by C-RNTI shall follow Table 2. 
· For transmission mode 8, PDSCH transmission with a corresponding PDCCH configured by SPS C-RNTI shall follow either Table 3 or Table 4. 
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