3GPP TSG-RAN WG1 Meeting #62bis
R1-105416
Xian, China, Oct 11 – 15, 2010
Source:
NEC Group
Title:
Views on UL transmission modes for PUSCH and signalling
Agenda Item:
6.4.1
Document for:
Discussion and Decision
1 Introduction
In this contribution, we present our views on UL transmission modes for PUSCH and some remaining issues of DCI signalling.
2 Discussions
2.1 UL Transmission Modes for PUSCH
In RAN1#61, it is agreed to support at least two UL transmission modes: Single-Antenna Port mode (SAP) and Multiple-Antenna Port (MAP) mode supporting up to 2 TB transmissions. The MAP mode is defined for up to 4-layer transmission. The open issue is whether to define a third RRC-configured multi-antenna transmission mode. Possible definitions for a third mode are:
A. Single-layer transmission mode (rank-1 precoding and/or open-loop MIMO) [7]

 REF _Ref273511598 \r \h 
[8]

 REF _Ref273511599 \r \h 
[9]
B. Two antenna ports (2AP) mode (rank-1 and rank-2 precoding) [3] 
Third mode for single-layer transmission (rank-1 precoding and/or open-loop precoding)

The main advantage of defining this mode is to obtain the benefit of rank-1 precoding gain and/or open-loop precoding with low DCI format overhead. However, there has been a lack of study so far on its performance gain over the existing SAP mode as well as the existing MAP mode which already supports rank-1 precoding. 
Although in Rel-8, there is a dedicated mode for single-layer transmission in the DL, i.e. Mode 6, the major overhead saving comes from the smaller resource block assignment bit-width, which is can be massive, for example there is a difference of 21 bits between DCI format 1B and DCI format 2 (~30%) for 20MHz system bandwidth. On the other hand, the overhead saving for having a dedicate rank-1 precoding mode in the UL is much more modest since it has been agreed in the last meeting that the same resource block assignment bit-width as in DCI format 0 is also used for DCI format 4. The overhead savings then mainly comes from the reduced bit-width of the precoding information field e.g. 1 bit (6 bits ->5 bits) for 4 TX, and the fact that only the MCS and NDI fields for one TB (6 bits) is needed. The total saving is therefore 7 bits (~11%) which is much less than the savings we enjoy for the DL.
In addition, as mentioned in [4], the inflexibility of RRC-configuration means that dynamic rank adaptation benefit is lost, which can degrade the UL data rate performance. 
Based on the above, there is no need to define a third mode for rank-1 precoding/open-loop precoding.
Third mode for two antenna ports transmission
A third mode for two antenna ports transmission was proposed in [3]. We think that defining this Two Antenna Port (2AP) mode is beneficial since two antenna ports configuration is expected to be the most common configuration for Rel-10 UEs. With the 2AP mode, PUSCH is transmitted on antenna port 0 and 1.
Moreover, it should be possible for UEs with four antenna ports to be configured in the 2AP mode. In this case, antenna virtualizations from four antenna ports to two antenna ports, which is standard transparent, can be implemented at the UE similar to the PUCCH transmit diversity scheme implementation for UEs equipped with four antenna ports.

A major advantage of defining the 2AP mode is that it simplifies the implementation of the eNB since this allows the eNB to treat all UEs with multiple antenna ports as UEs with 2 antenna ports only. Channel estimations for DMRS and SRS can be simplified significantly since signals from antenna port 2 and 3 need not be processed. In addition, closed-loop precoding operation is also simplified as only the precoding codebook using antenna ports {0, 1} is needed.

Another advantage for defining the 2AP mode is the resulting smaller DCI format (e.g. DCI format 4A). The overhead saving comes from the smaller codebook size for 2 antenna ports compared to that for 4 antenna ports i.e. 3 or 4 bits depending on the exact DCI format design.
Based on the above, we think that there should be a third mode defined for two antenna ports transmission and that this mode that can be configured to UEs with two or four antenna ports. Our proposal is shown in Table 1. 

Note that for UE with two antenna ports, Mode 2 need not be supported. 
Proposal 1:

· Define three UL transmission modes for PUSCH as given in Table 1
· All UEs can be configured in Mode 1

· Only UE with 2 or 4 antenna ports can be configured in Mode 3
· Only UE with 4 antenna ports can be configured in Mode 2
Table 1: UL transmission modes for PUSCH

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	Mode 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 

	Mode 2
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 

	
	DCI format 4
	UE specific by C-RNTI
	Closed-loop spatial multiplexing using up to 4 transmission layers; port 0, 1, 2 and 3

	Mode 3
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 

	
	DCI format 4A
	UE specific by C-RNTI
	Closed-loop spatial multiplexing using up to 2 transmission layers; port 0 and 1


2.2 UL DCI signaling
There are still some remaining issues for DCI format 4 (supports UL MIMO transmission for up to 4 layers and/or non-contiguous resource allocation). In the previous section, we propose to define a third mode for transmissions on port 0 and 1. This implies a new DCI format, Format 4A, also needs to be defined. In this section, we present our views on some of the issues for the uplink DCI formats. The discussion below is applicable to DCI format 4 and 4A.
Precoding information & TB enable/disable indication
A solution can be designed based on the principles for the DL DCI formats in Rel-8. By default this means:
· Joint coding of rank and PMI for the precoding information
· Use of the MCS field to indicate if the corresponding TB is enabled/disabled
· Precoding information signaling table design dependent on the number of enabled TBs
A solution according to the above principles (Solution 1) is shown in Table 2 for DCI format 4 and Table 4 for DCI format 4A. 6 bits and 3 bits are required for the precoding information field for DCI format 4 and 4A, respectively. A simple solution to indicate TB enable/disable is to use IMCSx = 0 to indicate that transport block x is disabled (x=1 or 2) [5]. As mentioned in [5], the reinterpretation of IMCSx = 0 as TB disable should not pose a problem due to its extremely low code rate. The NDI bit of the disabled TB is reserved.
Some overhead reduction is possible if we depart from the design principles mentioned [6]. A second solution (Solution 2) uses a precoding information signaling table that is read independently of the number of enabled TBs (see for example Table 3 for DCI format 4 and Table 5 for DCI format 4A).  
For Solution 2, if one TB transmission is indicated by the precoding information field, the first MCS field (5 bits) is used to indicate the MCS and the RV of the enabled TB. The second MCS field is reused to indicate the PMI of the enabled TB, and the corresponding NDI bit is reused to indicate which TB is enabled (see for example, Table 6, Table 7 and Table 8). 
Overall, Solution 2 can achieve overhead reduction of 1 bit and 2 bits in the precoding information field for DCI format 4 and DCI format 4A, respectively [6]. 
We currently have a slight preference for Solution 2. There is no obvious downside to the solution and some overhead saving can be achieved.
Proposal 2:
· For DCI format 4 and 4A, adopt Table 3 and Table 5, respectively, for the precoding information field
· For DCI format 4 and 4A, if one TB transmission is indicated by the precoding information field: 

· The first MCS field is used to indicate the MCS and the RV of the enabled TB. 

· The second MCS field is reused to indicate the PMI of the enabled TB
· Adopt Table 6 and Table 7 for DCI format 4 and 4A, respectively
· The second NDI bit is reused to indicate which TB is enabled

· Adopt Table 8 for DCI format 4 and 4A
Table 2: Precoding information field for DCI format 4 (Solution 1)
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: PMI=0
	0
	2 layers: PMI=0

	1
	1 layer: PMI=1
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	15
	2 layers: PMI=15
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	16
	3 layers: PMI=0

	23
	1 layer: PMI=23
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	2 layers: PMI=0
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	27
	3 layers: PMI=11
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	28
	4 layers

	39
	2 layers: PMI=15
	29-63
	Reserved

	40-63
	Reserved
	
	


Table 3: Precoding information field for DCI format 4 (Solution 2)

	Bit field mapped to index
	Message

	0
	1 layer

	1
	2 layers, one TB enabled

	2
	2 layers, two TBs enabled, PMI=0

	3
	2 layers, two TBs enabled, PMI=1
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	17
	2 layers, two TBs enabled, PMI=15

	18
	3 layers, PMI=0
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	29
	3 layers: PMI=11

	30
	4 layers

	31
	Reserved


Table 4: Precoding information field for DCI format 4A (Solution 1)

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: PMI=0
	0
	reserved

	1
	1 layer: PMI=1
	1
	reserved

	2
	1 layer: PMI=2
	2
	reserved

	3
	1 layer: PMI=3
	3
	reserved

	4
	1 layer: PMI=4
	4
	reserved

	5
	1 layer: PMI=5
	5
	reserved

	6
	reserved
	6
	reserved

	7
	reserved
	7
	reserved


Table 5: Precoding information field for DCI format 4A (Solution 2)

	Bit field mapped to index
	Message

	0
	1 layer

	1
	2 layers (two TBs enabled)


Table 6: Second MCS field for DCI format 4 (Solution 2)

	1 transmission layer
	2 transmission layers

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	1 layer: PMI=0
	0
	2 layers: PMI=0

	1
	1 layer: PMI=1
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	2 layers: PMI=15
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	16-31
	Reserved

	23
	1 layer: PMI=23
	
	

	24-31
	Reserved
	
	


Table 7: Second MCS field for DCI format 4A (Solution 2)

	Bit field mapped to index
	Message

	0
	1 layer: PMI=0

	1
	1 layer: PMI=1
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	5
	1 layer: PMI=5

	6-31
	Reserved


Table 8: Second NDI bit for DCI format 4 and 4A (Solution 2)

	Bit field mapped to index
	Message

	0
	Transport block 1 enabled

	1
	Transport block 2 enabled


TB-to-CW swap flag
In our view, the TB-to-CW swap flag is not necessary since the problem of antenna gain imbalance can be handled by the use of antenna turn-off vectors in the precoding codebook. This also allows reduction of 1 bit in the DCI format size.
Proposal 3:

· No TB-to-CW swap flag in DCI format 4 and 4A
Aperiodic CQI only transmission
In our view, simple extension from the existing method used for DCI format 0 is preferred. An acceptable solution is to use IMCS1=IMCS2=29 and NRB<= 4 and aperiodic CQI request bit = 1 to indicate aperiodic CQI only transmission.
Proposal 4:
· Aperiodic CQI only transmission indicated by IMCS1=IMCS2=29 and NRB<= 4 and aperiodic CQI request bit = 1
3 Conclusions
In this contribution, we presented our views on UL transmission modes and some remaining details of uplink DCI formats. Our proposals are summarised below:
Proposal 1:

· Define three UL transmission modes for PUSCH as given in Table 1
· All UEs can be configured in Mode 1

· Only UE with 2 or 4 antenna ports can be configured in Mode 3

· Only UE with 4 antenna ports can be configured in Mode 2

Proposal 2:
· For DCI format 4 and 4A, adopt Table 3 and Table 5, respectively, for the precoding information field
· For DCI format 4 and 4A, if one TB transmission is indicated by the precoding information field: 

· The first MCS field is used to indicate the MCS and the RV of the enabled TB. 

· The second MCS field is reused to indicate the PMI of the enabled TB
· Adopt Table 6 and Table 7 for DCI format 4 and 4A, respectively
· The second NDI bit is reused to indicate which TB is enabled

· Adopt Table 8 for DCI format 4 and 4A
Proposal 3:

· No TB-to-CW swap flag in DCI format 4 and 4A
Proposal 4:
· Aperiodic CQI only transmission indicated by IMCS1=IMCS2=29 and NRB<= 4 and aperiodic CQI request bit = 1
4 References
[1] RAN1#62 Chairman’s note
[2] R1-104936 “Views on Transmission Mode and Control Signaling to Support UL MIMO”, NTT DOCOMO
[3] R1-104849 “On Uplink Transmission Modes and Configuration”, Ericsson, ST-Ericsson
[4] R1-104448 “On UL SU-MIMO transmission modes and control signalling”, Nokia Siemens Networks, Nokia
[5] R1-104709 “Transmission modes and Control signalling for UL MIMO”, Motorola
[6] R1-104804 “UL grants for MIMO transmissions”, Qualcomm Inc.
[7] R1-104805 “UL Transmission Modes for MIMO Transmissions”, Qualcomm Inc.
[8] R1-104399 “Further Discussions on UL Transmission Modes and DCI Format Designs”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
[9] R1-104612 “Further Discussions on UL MIMO Signaling requirements”, Samsung
_1272805166.unknown

