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1. Introduction

Based on the discussion on DMRS enhancement in the last RAN1 meeting, the following working assumption was made:

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. 
The working assumption is subject to resolution of signalling and power imbalance issues and in this contribution we only discuss signalling aspects; power imbalance issues are discussed in our companion contribution [1]. To be specific, we discuss payload size to signal enhanced DMRS information and then present possible options to signal antenna port/scrambling ID indicator within 3 bits. 
2. Discussions
If DMRS enhancement is introduced with port 7’, 8’, 11, and 13, it seems desirable to have 3 bits payload size to signal DMRS information through DCI. Based on our simulation results [2], the gain from DMRS enhancement is not clear so that we are not sure the necessity of the enhancement at least in Rel-13 and, if all companies see the need of the enhancement, we should consider the enhancement without increasing signalling overhead. 
Proposal 1: the payload size for enhanced DMRS information should be within 3 bits, if enhancement is introduced.

In the following discussion, we focus on port/scrambling ID indicator with 3 bits. Several ways of signalling DMRS information with 3 bits payload size were discussed in the last meeting [3]. Since antenna port/scrambling ID indicator in current DCI format has 3 bits and the number of reserved state is not enough to be used for additional ports, it seems unavoidable to replace some of current port/scrambling ID values with additional ports. There could be three options for designing new port/scrambling ID indicator within 3 bits, based on the current indicator.
Option 1: remove high layer indication such as more than 4 layer transmission and add additional ports indication
Since Rel-10, antenna port/scrambling ID indicator supports maximum 8 layers transmission considering future needs. Therefore, with the same logic, it needs to support at least up to 8 layers transmission in Rel-13 as well and this option is not desirable.
Option 2: remove nSCID indication and add additional ports indication
Table 1

	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’
	0
	2 layers, ports 7’,8’

	1
	1 layer, port 8’
	1
	2 layers, ports 11,13 

	2
	1 layer, port 11
	2
	3 layers, ports 7-9

	3
	1 layer, port 13
	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 1 shows Option 2 in which nSCID information is removed. Since nSCID is used to generate quasi-orthogonal DMRS and indicate VCID for CoMP DPS, Option 2 cannot support more than 4 layer (quasi-orthogonal) MU and DPS without additional signalling for nSCID. New higher layer signal for nSCID indication can be considered [3] but, CoMP DPS still cannot be supported with this signal. Therefore, dynamic indication of nSCID is needed. One approach to signal nSCID dynamically is to use PQI field, assuming TM10 based new TM is introduced along with the DMRS enhancement, thus supporting more than 4 layer (quasi-orthogonal) MU and DPS with Option 2. Specifically, in addition to PDSCH RE mapping and Quasi co-location, nSCID information is included in PQI field.
Option 3: port replacement indication
Table 2
[image: image1.emf]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  

 

[image: image2.emf]One Codeword:   Codeword 0 enabled,   Codeword 1 disabled  Two Codewords:   Codeword 0 enabled,   Codeword 1 enabled  

Value  Message  Value  Message  

0  1 layer, port  11 ,  nSCID=0  0  2 layers, ports  11 , 13   ,  nSCID=0  

1  1 layer, port  11 ,  nSCID= 1  1  2 layers, ports  11 , 13   ,  nSCID= 1  

2  1 layer, port  13 ,  nSCID=0  2  3 layers, ports 7 - 9  

3  1 layer, port  13 ,  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  

 


(a) Port replacement indication:  OFF 
  
  (b) Port replacement indication:  ON

Option 3 is described in Table 2 and may have least spec impact. With 1 bit signal, eNB indicate to UE how to interpret the DMRS information field between Table 2 (a) and (b). For example, if RRC indication for port replacement is enabled, port 7’ and 8’ in Table 2 (a) is replaced to port 11 and 13, respectively. As a result, maximum 8 layer SU MIMO, nSCID indication, and maximum 4 orthogonal MU transmission are possible within 3 bits DCI payload. However, if port replacement is indicated by higher layer signal, orthogonal MU scheduling is limited since dynamic port allocation to each UE is restricted. Therefore, one way to address this problem is to add port replacement indication to PQI field in the same way as nSCID indication in Option 2.
Proposal 2: Option 2 and 3 can be considered for additional port indication.

Proposal 3: If Option 2 (or Option 3) is introduced, nSCID (or port replacement indication) should be signalled through PQI field, along with introducing a new TM supporting EBF/FD-MIMO based on TM10.
3. Conclusion
In this contribution, we discuss signalling aspects for DMRS enahancement; power imbalance issues are discussed in our companion contribution [1]. Based on the discussion, we have the following proposals:
Proposal 1: the payload size for enhanced DMRS information should be within 3 bits, if enhancement is introduced.

Proposal 2: Option 2 and 3 can be considered for additional port indication.

Proposal 3: If Option 2 (or Option 3) is introduced, nSCID (or port replacement indication) should be signalled through PQI field, along with introducing a new TM supporting EBF/FD-MIMO based on TM10.
______________________________________________________________________
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