Page 1

3GPP TSG-RAN WG1 #59

















R1-094861
9th-13th, November, 2009
Jeju, Korea
Agenda item:
6.4.2
Source: 
Qualcomm Europe

Title: 
Compact DCI format in support of DS-BF
Document for:
Discussion and Decision
1
Introduction
In RAN1#58bis, further progress was made regarding enhanced DL transmission for Release 9 supporting dual-layer beamforming (BF) [1]. In particular, for downlink control signalling, it was agreed that:
· 2 new antenna ports: Port 7 and Port 8
· Transmission modes: 1 new transmission mode 8
· Compact DCI format

· Fallback: DCI format 1A assuming transmit diversity

· FFS the need for additional low-overhead format (with same size as 1A) to support single-layer beamforming 
· Detailed design of DCI format 2B
In this contribution, we provide further motivation of the need for additional low-overhead format, along with the detailed DCI format design.
2
Discussion

2.1 Need for Additional Low Overhead DCI Format
In LTE Rel-8, seven downlink transmission modes are defined. Each UE is semi-statically configured with one of the seven modes. There are two DCI formats associated with each mode. In order to support seamless switching among different modes, DCI formta 1A is present in all downlink transmission modes. The PDSCH transmission scheme corresponding to PDCCH DCI format 1A assumes SFBC based transmit diversity. The other DCI format depends on the specific downlink transmission mode. In particular, for mode 7 (single-layer BF), the other DCI format is format 1.

The support of DS-BF is Rel-9 uses the new transmission mode 8. Thus, it is still necessary to at least support DCI format 1A for fallback for DS-BF, as agreed in RAN1#58bis. The other DCI format 2B is built based on DCI format 2A, by removing the precoding field and the swap flag, and by adding one bit for scrambling ID indication. DCI format 2B supports dynamic rank adapation (single-layer BF and dual-layer BF) and MU-MIMO.
Depending on the physical antenna configurations and channel conditions and availability, single-layer beamforming may significantly outperform SFBC based transmit diversity schemes, especially for large PDSCH assignments. In the sequel, we will focus on the necessity of supporting the additional low-overhead format (with same size as 1A), denoted as 1E, to support single-layer beamforming.

One way of realizing single-layer beamforming is to use DCI format 2B with rank 1 transmission. The following tables compare the sizes of the two DCI formats, assuming a 20MHz FDD system.
Table 1 DCI Format 1A, 20MHz, FDD

	Field
	Bit-width

	Flag format0/format1A differentiation
	1

	Localized/Distributed VRB assignment flag
	1

	Resource allocation
	13

	MCS
	5

	HARQ process id
	3

	New data indicator
	1

	Redundancy version
	2

	TPC
	2

	Downlink Assignment Index
	0

	CRC
	16

	Total:
	44


Table 2 DCI format 2B, 20MHz, FDD

	Field
	Bit-width

	Resource allocation header
	1

	Resource allocation  
	25

	TPC 
	2

	Downlink Assignment Index
	0

	HARQ process id
	3

	Scrambling id
	1

	MCS - 1st codeword
	5

	New data indicator - 1st codeword
	1

	Redundancy version - 1st codeword
	2

	MCS - 2nd codeword
	5

	New data indicator - 2nd codeword
	1

	Redundancy version - 2nd codeword
	2

	CRC
	16

	Total:
	64


As can be seen, DCI format 2B has a size almost 50% larger than that of DCI format 1A (hence 1E). Using DCI format 2B for single-layer beamforming is thus not as efficient as 1E, especially for UEs under unfavorable channel conditions.
Single-layer beamforming can also be supported via the legacy downlink transmission mode 7. However, since the configuration of different transmission modes is semi-static, UEs under mode 7 are thus semi-statically limited to only rank 1 transmissions. In addition, downlink transmission mode 7 relies on DCI format 1 for single-layer beamforming. In a 20MHz FDD system, DCI format 1 has a size of 55 bits, 25% larger than that of DCI format 1A.
The size efficiency of DCI format 1A is mainly achieved via downlink type-2 resource allocation, which may assume localized virtual resource block (LVRB) or distributed VRB assignments. It is worth noting that type-2 resource allocation is also used by broadcast transmissions (system information, paging, RACH response, etc.), and downlink data arrival.
Therefore, we propose to:

· Support the additional low-overhead format (with same size as 1A), denoted as 1E, to support single-layer beamforming when PDCCH CRC is masked by C-RNTI
2.2 DCI Format 1E Design
The following principles are observed when designing DCI format 1E:

· Keep the same number of blind PDCCH detections as in Rel-8, which implies that DCI format 1E has to be same size as DCI format 1A, as agreed in RAN1#58bis
· Ideally, maintain the same false alarm probability, which implies that CRC masking based approach should be avoided if possible
· Minimize specification impact, scheduling restriction and performance impact, if any
At the same time, we note the following:

· DVRB resource allocation is of little value for beamforming. As a result, DCI format 1E should assume LVRB only

· Fallback operation based on DCI format 1A does not occur frequently. As a result, the performance comparison between LVRB and DVRB based PDSCH transmissions corresponding to DCI format 1A is less important. Rather, scheduling flexibility and simplicity should be emphasized.

Given that, we propose to:

· Re-interpret the LVRB/DVRB flag in the original DCI format 1A as a differentiator between DCI format 1A and DCI format 1E

There are two options:

· Option 1: Format 1A w/ DVRB only

· Option 2: Format 1A w/ LVRB only

Option 1 has the benefits of enabling DVRB allocations potentially resulting in better performance for small assignments. However, this implies that DVRB has to be used for Rel-9 fallback operation. Such limitation may cause undesirable scheduling complexity. It is also worth noting that DCI format 1A is also used for DL data arrival, whose assignment is based on LVRB only.
Option 2 has the benefits of minimal scheduling impact, since both LVRB assignments are used for DCI format 1A and DCI format 1E facilitating easy integration in one subframe. Compared with DVRB, for small assignments, LVRB may result in some performance impact. However, as discussed earlier, given that fallback operations are rather infrequent, such potential performance hit can be easily compensated and has minimal system performance impact.
Therefore, we propose:
· If LVRB/DVRB Flag = 0: DCI format 1A, assuming LVRB only. The corresponding PDSCH transmission follows the same Rel-8 design (i.e., CRS based, if the number of PBCH anntenna ports is one, single antenna port 0; otherwise, transmit diversity)
· Otherwise: DCI format 1E, assuming LVRB only. The corresponding PDSCH transmission uses antenna port 7.

This is summarized below:

Table 3 Proposed DCI Format 1A and DCI format 1E When CRC is Masked by C-RNTI
	LVRB/DVRB Flag
	Actual Format
	PDSCH Tx Scheme

	0
	Format 1A w/ LVRB only
	Same as in Rel-8

	1
	Format 1E w/ LVRB only
	UE-RS based, port 7


Note that this design does not increase both blind PDCCH detection and false alarm probability. 

In addition, for commonality, we also propose that:

· Table 3 is applicable to SPS C-RNTI as well

3
Conclusions
In this contribution, we further provide the motivations of supporting additional low-overhead DCI format 1E, along with DCI format 1A, for Rel-9 DS-BF, and the detailed design of DCI format 1E. In particular, we propose to:
· PDCCH CRC masked by C-RNTI C-RNTI

· Support the additional low-overhead format (with same size as 1A), denoted as 1E, to support single-layer beamforming 

· Use the LVRB/DVRB flag in the original DCI format 1A as a differentiator between DCI format 1A and DCI format 1E, such that:

· If LVRB/DVRB Flag = 0: DCI format 1A assuming LVRB only. The corresponding PDSCH transmission follows the same Rel-8 design
· Otherwise: DCI format 1E assuming LVRB only. The corresponding PDSCH transmission uses antenna port 7
· PDCCH CRC masked by SPS C-RNTI

· Same as the C-RNTI case
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