3GPP TSG RAN WG1 Meeting #58

R1-093066
Shenzhen, China
August 24th – 28th, 2009

Source:
InterDigital Communications, LLC
Title:
DL Control Signaling for LTE Rel-9 Dual-Layer Beamforming
Agenda Item:
14
Document for:
Discussion and Decision 

Overview of Contribution

This paper discusses the transmission mode and control signaling issue for dual-layer beamforming. Key proposals of previous RAN1 meetings are summarized and compared. Four recommendations are proposed.
1 Introduction
The work item “Enhanced DL transmission for LTE” was agreed in RAN #43 and later on updated in RAN #44 [1] to further extend the Rel-8 single-layer beamforming to single-user dual-layer beamforming based on the UE specific reference signals (or dedicated reference signals, DRS). The agreements for this WI, as-of RAN1 Meeting 57 are summarized in the following bullet chart from the minutes of RAN1 meeting # 57 [2]. 

Conclusion from the summary

· DRS overhead, and patterns for Rank 1&2

· Agree on the DMRS overhead as 12 REs

· Same set of RE used for Rank 1 and Rank 2

· FFS whether or not Rel9 Rank1 pattern is different from the Rel8 Rank1 pattern

· Relationship between lower rank (1 or 2 layer) patterns and higher rank patterns (3~8 layers)

· Consider the forward compatible design that makes Rel 9 patterns a subset of Rel 10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel 8 pattern

· Fast/dynamic rank adaptation between rank 1 & 2

· Fast/dynamic rank adaptation should be supported in this WI, aiming at reusing existed mechanism in Rel 8
· UE feedback in support of Dual-layer BF

· PMI feedback supported for FDD
· FFS whether or not to have PMI feedback for TDD

· UE calibration in Dual-layer BF

· Need for UE calibration FFS

· UE antenna calibration would not be specified in RAN1, it would be an implementation issue

· Evaluate the performance (loss) due to the UE TX- and RX- mismatch

· carry out more discussion on the cost and method of different UE calibration method

· Layer-shifting in support of Dual-layer BF

· Use Rel8 layer mapping as the baseline in this WI

· Further evaluate the gain of layer shift especially when spatial bundling is applied

· Expansion of the WI to MU-MIMO

· Whether or not to support non-transparent MU-MIMO based on orthogonal DMRS should be investigated by the next plenary meeting (to be done via email discussion)
Note that this summary includes the outcome that it was agreed to extend the WI to cover MU-MIMO beamforming as a secondary issue provided that all new enhanced features and capabilities shall be backward compatible with networks and UEs compliant with LTE Release 8, and also should aim to be an extension of the beamforming in Release 8. 

While there were a number of contributions to the email discussions held between RAN1#57 and RAN1#57Bis, there was not an apparent firm conclusion.  This, plus the discussion at RAN1#57bis, led to the statement in reference [3]:

Based on the current discussion and due to the amount of time spent on MU-MIMO, Mr Chairman warmed delegates to keep focused on the WI itself (due date at next plenary). MU-MIMO situation shall be rechecked at next meeting.”

This paper discusses the transmission mode and control signaling issue for dual-layer beamforming. Key proposals of previous RAN1 meetings are summarized and compared. 

2 Discussion

2.1 Goals for Control Signaling

The design of downlink control signaling to support dual-layer beamforming in Rel-9 should meet the following goals:
· Blind decoding complexity at the UE should be kept the same as in LTE Rel-8
· Which limits that the UE should monitor only two DCI formats 
· Allow fast rank adaptation to both transmit diversity and single layer beamforming
· Keep other aspects (such as, false positive probability) consistent with other transmission modes 1~7 (i.e., the same as in LTE Rel-8)
2.2 Accommodation for growth to MU-MIMO in later releases 
Numerous Tdocs on MU-MIMO beamforming have been proposed in recent RAN1 meetings [4-11]. There also has been email discussion regarding MU-MIMO beamforming on the RAN1 reflector. Performance gains of MU-MIMO beamforming have been shown [6-8]. However several important issues (such as DM-RS, feedback, transparent vs. non-transparent MU-MIMO) remain unresolved. Due to the limited time frame for this Rel-9 work item (due next RAN plenary meeting), it is preferred to focus current efforts on development of the primary issue of this work item which is SU-MIMO beamforming, and defer explicit support for MU-MIMO beamforming for future study to avoid making a quick decision without thorough investigation. One way to compromise is to define a new transmission mode to support SU-MIMO dual-layer beamforming in Rel-9 and finish up the work item within the framework. If MU-MIMO beamforming is explicitly supported later on, another new transmission mode can be defined for that, or perhaps the Rel-9 dual SU-MIMO dual-layer beamforming transmission mode can be extended to support MU-MIMO. This will allow us to make progress on this work item to meet its timeline without blocking future explicit support of MU-MIMO. 

Proposal 1: Define a new transmission mode 8 to support SU-MIMO dual-layer beamforming in Rel-9. 

Proposal 2: Explicit support for MU-MIMO is FFS. It should be studied whether a second new transmission mode is needed or whether the transmission mode 8 can be extended to support MU-MIMO beamforming 

Therefore, in the rest of paper we focus on the discussion of the DCI formats for SU-MIMO beamforming only.

2.3 Summary of candidates for DCI Signaling for SU-MIMO 
For the purpose of discussion, we list major candidates of DCI format supporting SU-MIMO beamforming from tdocs submitted in previous RAN1 meetings [9-11] below. 
Method 1 [9]: 

Table 1 PDCCH and PDSCH for single user dual-layer 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 

	
	DCI format 2A
	UE specific
	Single layer beamforming or

Dual-layer beamforming

	Mode 8 – 

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

	
	DCI format 2A
	UE specific
	Dual-layer beamforming


Note: DCI format 2A in this method does not contain precoding information field. 

Method 2 (option 3 in [10]):
Table 2 PDCCH and PDSCH for single user dual-layer 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-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A’
	Common and UE specific 
	Transmit Diversity, or Single-DRS port

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port


Method 3 [11]: 
Table 3 PDCCH and PDSCH for single user dual-layer 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 

	
	DCI format 2B
	UE specific
	Dual-antenna port; port 5 and 6

	Mode 8 – 

PDCCH and PDSCH configured by SPS C-RNTI
	DCI format 1A
	Common and UE specific 
	Single-antenna port; port 5

	
	DCI format 2B
	UE specific
	Dual-antenna port; port 5 and 6


Method 4 (option 2 in [10]):

Table 4 PDCCH and PDSCH for single user dual-layer 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

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port

	Mode 8 – 

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

	
	DCI format 2A
	UE specific
	Dual-DRS port or single-DRS port


2.4 Observations based on Comparison of the proposals
Review of tables 1 through 4 will show that there is a lot of commonality between the aforementioned methods. In method 3, DCI format 2B with padding bits for 4 CRS antennas case is essentially the same as the reused DCI format 2A. Since the precoding information is now conveyed via DRS implicitly, it makes sense to reuse DCI format 2A to support dual-layer beamforming. Recall that DCI format 2A was used in LTE Rel-8 to support open-loop spatial multiplexing.  Therefore, reusing DCI format 2A has the advantages of lower signalings overhead and minimal changes of standards, and supports fast rank adaptation by disabling one codeword as in LTE Rel-8. There are two options to reuse DCI format 2A:

Option 1: DCI format to support dual-layer beamforming has the same length of DCI format 2A in LTE Rel-8 regardless the number of Tx antenna ports at the eNB. For the case of 4 Tx antenna ports, the two bits of precoding information field are ignored or treated as padding bits as in [10, 11]. 

Option 2: DCI format to support dual-layer beamforming has the same length of DCI format 2A in LTE Rel-8 with 2 Tx antennas (i.e., does not contain precoding info field) regardless of the number of Tx antenna ports at the eNB [9, 10]. 

For the case where eNB has 2 Tx antenna ports, there is no difference between options 1 and 2. For the case of 4 Tx antenna ports, option 1 has the advantage of minimizing the number of distinct DCI lengths for a Rel-9 UE, but it comes with the cost of redundant padding bits. Option 2 has no redundant padding bits, therefore less signaling overheads. Although it increases the number of distinct DCI lengths for a Rel-9 UE, it does not increase the number of blind decoding efforts when a Rel-9 UE is configured by RRC signalings to be in the transmission mode of dual-layer beamforming. Therefore, option 2 is preferred. 
Proposal 3: Recommend RAN 1 to adopt the reused DCI format 2A without precoding information field to support dual-layer beamforming in Rel-9.
2.5 Control Signaling Supporting Fast Rank Adaptation

In Rel-9, both transmit diversity and single layer beamforming can be used as reduced-rank (i.e., rank-1) transmission. We compare methods 1 - 4 as below:
· Method 1 allows rank reduction to both transmit diversity and single layer beamforming when configured by C-RNTI, and rank reduction to only one fixed rank-1 scheme (either transmit diversity or single layer beamforming) when configured by SPS C-RNTI. 
· Method 2 allows rank reduction to both transmit diversity and single layer beamforming when configured by C-RNTI or SPS C-RNTI. Single layer beamforming can be signalled by DCI format 1A (instead of by format 2A as other methods) has the advantage of less signaling overhead. This is achieved by using DCI format 1A with added signaling option. However, each method proposed in [10] for added signaling option has its own issue, and needs further careful study:
· CRC mask approach will increase false positive probability for the new mode 8, however all modes (1-8) should have the same false positive probability. 

· Re-interpreted LVRB/DVRB flag approach restricts the usage of localized VRB and distributed VRB for the transmission mode of dual-layer beamforming. 
· Implicit indication by PDCCH position approach has the drawback of restriction in mapping PDCCH into resource elements. 

· Adding one bit to DCI format 1A, although simple, will increase the number of blind decodings dramatically since the UE needs to detect DCI format 1A anyway for SI-RNTI and P-RNTI in the new mode 8. 
· Method 3 only allows “limited” rank reduction to transmit diversity when configured by C-RNTI, and single layer beamforming when configured by SPS C-RNTI. Therefore, it is less desirable compared to methods 1, 2 and 4. 

· Method 4 allows rank reduction to both transmit diversity and single layer beamforming when configured by C-RNTI or SPS C-RNTI. It keeps all aspects (e.g.. number of blind decoding efforts, and false positive probability ) consistent with all other transmission modes. Although rank reduction to single-layer beamforming can only be signalled by DCI format 2A with a cost of redundant bits for the second codeword, this is the same as in transmission modes 3 and 4 in LTE Rel-8. Hence, method 4 is preferred. 
Proposal 4: recommend RAN 1 to adopt method 4 to allow fast rank adaptation. To be specific, DCI format 1A is associated with transmit diversity; DCI format 2A is associated dual-layer beamforming and single-layer beamforming (when one codeword is disabled). 
3 Summary and conclusion
In this contribution, we have summarized and compared major proposals on control signalings to support dual-layer beamforming and made the following recommendations:

Proposal 1: Define a new transmission mode 8 to support SU-MIMO dual-layer beamforming in Rel-9. 

Proposal 2: Explicit support for MU-MIMO is FFS. It should be studied whether a second new transmission mode is needed or whether the transmission mode 8 can be extended to support MU-MIMO beamforming. 

Proposal 3: Recommend RAN 1 to adopt the reused DCI format 2A without precoding information field to support dual-layer beamforming in Rel-9.

Proposal 4: Recommend RAN 1 to adopt method 4 to allow fast rank adaptation. To be specific, DCI format 1A is associated with transmit diversity; DCI format 2A is associated dual-layer beamforming and single-layer beamforming (when one codeword is disabled). 

4 References  
[1] RP-090648, “Update of Work item description for enhanced downlink transmission for LTE,” 3GPP RAN #44, Aruba, Netherlands, 26 - 29 May 2009, CMCC.
[2] R1-092292, Draft Report of 3GPP TSG RAN WG1 #57 v0.3.0 (San Francisco, USA, 4 – 8 May, 2009)
[3] R1-09xxxx, Draft Report of 3GPP RAN WG1 meeting # 57bis (Los Angeles, USA, June 29th to July 3rd, 2009)

[4] R1-091338, “DL Beamforming Enhancement for LTE Rel-9,” 3GPP RAN WG1 meeting # 56bis, Seoul, Korea, 23 – 27 March 2009, Motorola.  

[5] R1-091753, “LTE DL Beamforming performance and evolution to dual stream,” 3GPP RAN WG1 meeting # 57, San Francisco, USA, May 4-8, 2009, Nokia, Nokia Siemens Networks.  

[6] R1-091980, “Beamforming based MU-MIMO”, 3GPP RAN WG1 meeting # 57, San Francisco, USA, May 4-8, 2009, CATT, CMCC.  
[7] R1-092247, “System level evaluation on multiuser beamforming”, 3GPP RAN WG1 meeting # 57, San Francisco, USA, May 4-8, 2009, Huawei.  

[8] R1-092551, “Considerations on MU-beamforming”, 3GPP RAN WG1 meeting # 57bis, Los Angeles, USA, June 29th to July 3rd, 2009, Nokia, Nokia Siemens Networks.
[9] R1-092360, “Downlink control signaling for dual-layer beamforming,” 3GPP RAN WG1 meeting # 57bis, Los Angeles, USA, June 29th to July 3rd, 2009, Huawei.
[10] R1-092553, “DL Control Signaling for Dual-layer Beamforming in Rel’9”, 3GPP RAN WG1 meeting # 57bis, Los Angeles, USA, June 29th to July 3rd, 2009, Nokia, Nokia Siemens Networks.
[11] R1-092632, “Control Signaling for LTE Rel-9 Enhanced DL transmission”, 3GPP RAN WG1 meeting # 57bis, Los Angeles, USA, June 29th to July 3rd, 2009, Motorola.















































































































PAGE  
6

