[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #82bis                                                                   R1-155764
Malmö, Sweden, 5th - 9th October 2015

Source:	NTT DOCOMO
Title:	Considerations on DMRS enhancements
[bookmark: Source]Agenda Item:	7.2.4.2.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
Introduction
At the 3GPP RAN1 #82 meeting, the following working assumption has been made and captured in [1] for DMRS enhancements for elveation beamforming and FD-MIMO.
Working Assumption, subject to resolution of signalling and power imbalance issues:
Alt.1, i.e., OCC=4 and 12REs for higher order MU-MIMO transmission is supported with the following ports
	Ports for MU transmission 
	OCC 

	Port 7(’) (detailed naming FFS)
	[1 1 1 1] 

	Port 8(’)
	[1 -1 1 -1] 

	Port 11
	[1 1 -1 -1] 

	Port 13
	[1 -1 -1 1] 


Solutions for signalling and power imbalance should be submitted for RAN1#82bis. 
In this contribution, we discuss the power imbalance issue and signalling design for Alt. 1 of DMRS enhancements.
Power Imbalance Issue
At the 3GPP RAN1 #82 meeting, the power imbalance issue has been raised, e.g., in [2] which shows that the power of DMRS symbols is imbalanced in some extreme cases, e.g., for a specified antenna, the precoding coefficients are the same among all users. Because the newly defined DMRS ports are used for MU-MIMO transmissions, multi-user scheduling and precoding are naturally implemented before the multi-user downlink transmission. During these stages, the power imbalance of DMRS symbols can be calculated and several techniques can be used to eliminate or alleviate the power imbalance of DMRS symbols. For example, during the user scheduling, the user pairs which do not introduce power imbalance to DMRS symbols can be co-scheduled for multi-user transmission. During precoding, constraints and operations can be introduced into the precoding algorithm to avoid the power imbalance of DMRS symbols.
Observation 1: Power imbalance of DMRS ports with Alt 1 may happen in extreme cases, but it can be solved by eNB implemnetations, such as user scheduling and precoder adjustment.
Signalling Design for Alt. 1 of DMRS Enhancements
Antenna port, layer, and SCID indication in DCI
For DMRS enhancement Alt.1, new DMRS ports should be indicated to UEs via DCI signalling. Therefore, the existing DCI format 2D should be extended, especially for the antenna port, layer, and SCID indication field, where new messages corresponding to new DMRS ports should be added. A key problem about the antenna port, layer, and SCID design is the length of the signalling, which of course depends on the amount of information desired to be carried in this message. If the length of the field is kept to 3 bits, then it is just sufficient to support 8-layer MU-MIMO transmission and SU/MU switching is not feasible with this single new message. During the study item of elevation beamforming and FD-MIMO, it was shown that the percentage of single user transmission after the common multi-user scheduling is not negligible, especially when the FTP traffic model is considered. When the number of active users in the cell is small, or when the active users are not suitable to be paired by the MU scheduler, it is benefical if the system can fall back to single user high-rank transmission. Therefore, it is still desired that the system can support the switching between high-order MU-MIMO and high-rank SU-MIMO transmission.
Observation 2: It is beneficial to the system performance if the antenna port, layer, and SCID indication field can support SU/MU dynamic switching.
Antenna port usage indication in DCI
In Alt. 1 of DMRS enhancement, 4 bit OCC codes are used generally. However, when only port 7 and port 8 are actually used to schedule two users, OCC = 2 is sufficient to ensure the DMRS port orthogonality. Using OCC = 2, the channel estimation accuracy is expected to be improved, compared to OCC = 4 case. It is more important that the system can fall back to OCC = 2 in order to support high UE mobillity. To support such feature, additoinal information that whether ports 11/13 are used must be notified to UEs scheduled on port 7 and 8. With such information, UEs can decide which OCC length is used during DMRS channel estimation.
Observation 3: If only antenna ports 7 and 8 are used in MU-MIMO transmission, it is beneficial to inform the UE that OCC = 2 can be assumed when making the channel estimation on DMRS ports.
Considering the requirement to support both high-order MU-MIMO and high-rank SU-MIMO, as summarized in observation 2, and the requirement to nofity the UE two switch between OCC = 2 and OCC = 4 depending on the scheduling situation, we have two alternatives of DCI design to meet these requirements.
Proposal: Two alternatives of DCI design can be used to notify UE the new DMRS ports.
· Alt. 1: Extended the antenna port, layer, and SCID indication field to 4 bits where details of each message are shown in Table 1.
· Alt. 2: Add a new high-order MU-MIMO specified message table, given by Table 2-2, for antenna port, layer, and SCID indication field. Reuse the existing message table in TS 36.212, as copied in Table 2-1 for legacy SU/MU switching. Swithihg between two tables can be conducted by RRC or adding one bit in DCI format 2D. 
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	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, SCID=0, 
w/o port 11/13
	0
	2 layers, port 7, 8, SCID=0, 
w/o port 11/13

	1
	1 layer, port 8, SCID=0, 
w/o port 11/13
	1
	2 layers, port 7, 8, SCID=1, 
w/o port 11/13

	2
	1 layer, port 7, SCID=1, 
w/o port 11/13
	2
	3 layers, port 7~9

	3
	1 layer, port 8, SCID=1, 
w/o port 11/13
	3
	4 layers, port 7~10

	4
	2 layers, port 7~8
	4
	5 layers, port 7~11

	5
	3 layers, port 7~9
	5
	6 layers, port 7~12

	6
	4  layers, port 7~10
	6
	7 layers, port 7~13

	7
	1 layer, port 7, SCID=0, 
w/ port 11/13
	7
	8 layers, port 7~14

	8
	1 layer, port 8, SCID=1, 
w/ port 11/13
	8
	2 layers, port 7, 8, SCID=0, 
w/ port 11/13

	9
	1 layer, port 7, SCID=0, 
w/ port 11/13
	9
	2 layers, port 7, 8, SCID=1, 
w/ port 11/13

	10
	1 layer, port 8, SCID=1, 
w/ port 11/13
	10
	2 layers, port 11, 13, SCID=0

	11
	1 layer, port 11, SCID=0
	11
	2 layers, port 11, 13, SCID=1

	12
	1 layer, port 13, SCID=1
	12
	Reserved

	13
	1 layer, port 11, SCID=0
	13
	Reserved

	14
	1 layer, port 13, SCID=1
	14
	Reserved

	15
	Reserved
	15
	Reserved



Table 2-1: Legacy antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14



Table 2-2: New antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, SCID=0
	0
	2 layers, port 7, 8, SCID=0

	1
	1 layer, port 8, SCID=0
	1
	2 layers, port 7, 8, SCID=1

	2
	1 layer, port 7, SCID=1
	2
	2 layers, port 11, 13, SCID=0

	3
	1 layer, port 8, SCID=1
	3
	2 layers, port 11, 13, SCID=1

	4
	1 layer, port 11, SCID=0
	4
	3 layers, port 7, 8, 11

	5
	1 layer, port 13, SCID=0
	5
	4 layers, port 7, 8, 11, 13

	6
	1 layer, port 11, SCID=1
	6
	Reserved

	7
	1 layer, port 13, SCID=1
	7
	Reserved


Summary
In this contribution, we discussed the issues with the DMRS enhancement to support higher-order MU-MIMO. Based on our analysis, the following observations and proposals can be made.
Observation 1: Power imbalance of DMRS ports with Alt 1 may happen in extreme cases, but it can be solved by eNB implemnetations, such as user scheduling and precoder adjustment.
Observation 2: It is beneficial to the system performance if the antenna port, layer, and SCID indication field can support SU/MU dynamic switching.
Observation 3: If only antenna ports 7 and 8 are used in MU-MIMO transmission, it is beneficial to inform the UE that OCC = 2 can be assumed when making the channel estimation on DMRS ports.
Proposal: Two alternatives of DCI design can be used to notify UE the new DMRS ports.
· Alt. 1: Extended the antenna port, layer, and SCID indication field to 4 bits where details of each message are shown in Table 1.
· Alt. 2: Add a new high-order MU-MIMO specified message table, given by Table 2-2, for antenna port, layer, and SCID indication field. Reuse the existing message table in TS 36.212, as copied in Table 2-1 for legacy SU/MU switching. Swithihg between two tables can be conducted by RRC or adding one bit in DCI format 2D. 
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