Page 1

3GPP TSG RAN WG1 Meeting #83
















R1-156520
Anaheim, USA, 15th - 22th November 2015
Source: 
Intel Corporation 
Title:
Remaining details of enhanced DM-RS support
Agenda item:
    6.2.4.2.3
Document for:
Discussion and Decision
1 Introduction
In RAN1#82 meeting [1], support of additional DM-RS ports for MU-MIMO was discussed. It was agreed as working assumption to introduce Alt.1, i.e., 4 orthogonal DM-RS ports with OCC=4 and 12 REs for higher order MU-MIMO transmission (see Table 1). 

Table 1: Additional ports for higher order MU-MIMO

	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] 


In RAN1#82bis meeting [2], the working assumption was agreed with the assumption that higher layer configuration will be used for switching between alternative and legacy MIMO layer indication table. In this contribution we provide our views on the remaining details of supporting additional DM-RS ports for MU-MIMO such as the number of required bits for signaling of the scheduled DM-RS antenna ports and the exact entries of the alternative MIMO layer indication table.
2 Discussion
Signalling of the additional DM-RS ports

Two approaches of supporting additional DM-RS ports for MU-MIMO may be considered. In the first approach, the additional DM-RS ports may be supported by increasing the number of bits used for MIMO layer indication. This option doesn’t restrict MIMO layer signalling options supported by the legacy system (e.g. indication of 8 MIMO layers), however, the support of this option would require additional bits in the DCI and potentially introduction of the new DCI format. Also during RRC reconfiguration there will be ambiguity period about to the assumed MIMO layer indication table at the UE. Due to ambiguity, during the re-configuration period, the UE may be able to receive PDSCH modulated using a single layer CRS based transmission schemes scheduled by DCI format 1A or 1C. Such approach of the PDSCH scheduling may be highly inefficient and therefore, should be avoided. 

Observation:
· Changing the number of bits used for the MIMO layer indication from current 3 bits to 4 bits will introduce the RRC reconfiguration ambiguity period about to the assumed MIMO layer indication table

· PDSCH transmission in this case should rely on the single layer CRS-based transmission schemes scheduled by DCI format 1A or 1C, which is highly inefficient
In the second approach, support of the additional DM-RS port may be provided by higher layer configuration of the alternative “antenna port(s), scrambling identity and number of layers indication” table without change of the number of bits used for the MIMO layer indication in the DCI. To minimize the impact of the RRC ambiguity at the UE in this case, some of the entries (e.g. most commonly used) in the new and the legacy MIMO layer indication table should retain common. For example, the DM-RS antenna ports scheduling single or two layer MIMO should be kept on the same positions in the new and legacy tables. By using such design, UE may still be served with PDSCH using DM-RS based transmission schemes scheduled by DCI Formats 2C or 2D using the common entries between the tables even during the RRC reconfiguration of the MIMO layer indication table.
Proposal:

· Support of additional DM-RS ports for MU-MIMO should be facilitated by higher layer configuration of the alternative antenna port(s), scrambling identity and number of layers indication table without change in the number of bits used for MIMO layer signaling.

· To minimize the impact of the RRC ambiguity at the UE in this case, some of the entries in the new and the legacy MIMIO layer indication table should be common
It should be noted that processing of the received antenna port 7 and 8 in the conventional systems assumes OCC with minimum length of 2. However, support of the additional DM-RS ports with DM-RS antenna ports 11 and 13 (agreed for higher order for MU-MIMO) requires the OCC processing of length 4. At the same time, UE processing using OCC-4 for all transmission cases is not desired. For example, for conventional SU-MIMO scenarios, processing of the received DM-RS ports 7 and 8 with longer OCC codes may have negative impact on the channel estimation performance, due to sensitivity of the longer codes to the possible channel variations in time. Therefore, as a part of MIMO layer indication, signalling of the minimum OCC processing length of 2 and 4 is required for DM-RS ports 7 and 8.
Proposal:

· Signaling of the OCC processing length 2 and 4 for antenna port 7 and 8 should be supported
The example of the alternative MIMO layer indication table in accordance to the proposals above is provided in Table 2, where the number of bits for signalling of the MIMO layers is kept to 3 bits, which is the same as in the Rel-10. In the considered example, to support indication of the additional DM-RS ports for MU-MIMO some of the entries corresponding to SU-MIMO with more than 4 MIMO layers were removed and replaced with the MU-MIMO, while some of the entries are kept common with legacy system to address RRC reconfiguration ambiguity. As also shown in Table 2, signalling of the minimum OCC processing length of 2 and 4 for DM-RS ports 7 and 8 is also supported. 

Table 2: Alterative antenna port(s), scrambling identity and number of layers indication table
	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, OCC=4
	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, OCC=4
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	2 layers, ports 11,13, nSCID=0

	5
	1 layer, port 11, nSCID=1
	5
	2 layers, ports 11,13, nSCID=1

	6
	1 layer, port 13, nSCID=1
	6
	2 layers, ports 7-8, nSCID=0, OCC=4

	7
	2 layers, ports 11,13, nSCID=1
	7
	2 layers, ports 7-8, nSCID=1, OCC=4


3 Summary

In this contribution we provided our views on the signalling of the additional DM-RS ports. Based on the discussion we have made the following observation:

Observation:
· Changing the number of bits used for the MIMO layer indication from 3 to 4 bits would introduce the RRC reconfiguration ambiguity period about the assumed MIMO layer indication table

· PDSCH transmission in this case will rely on the single CRS-based transmission schemes scheduled by DCI format 1A or 1C, which is highly inefficient.
Based on the observation we have made the following proposals:
Proposals:

· Support of additional DM-RS ports for MU-MIMO should be facilitated by higher layer configuration of the alternative antenna port(s), scrambling identity and number of layers indication table without change in the number of bits used for MIMO layer signaling.

· To minimize the impact of the RRC ambiguity at the UE in this case, some of the entries in the new and the legacy MIMIO layer indication table should retain common
· Signaling of the OCC processing length 2 and 4 for antenna port 7 and 8 should be supported

· The possible structure of the alternative MIMO layer indication table in accordance to the proposal above for signaling additional DM-RS antenna ports is provided in Table 2
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