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1 Introduction
In RAN1#82bis, the following working assumption was agreed on supporting additional orthogonal DMRS ports for MU-MIMO [1]. The remaining issue is whether 3 bits or 4 bits table should be introduced for indicating antenna ports, number of layers and possibly scrambling ID. 
Agreement:
· Confirm the working assumption for OCC=4 and 12REs made in RAN1#82, and the following table
	Ports for MU transmission 
	OCC 

	Port 7 
	[1 1 1 1] 

	Port 8 
	[1 -1 1 -1] 

	Port 11 
	[1 1 -1 -1] 

	Port 13 
	[1 -1 -1 1] 



Agreement:
· Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration
· FFS until RAN1#83 whether 3 or 4 bits are used, and details. 


In this contribution, we discuss the need for supporting higher dimension MU-MIMO with the introduction of OCC=4 and the possible dynamic signaling schemes.
Higher Dimensional MU-MIMO 
The following objective was stated in the WI [2] in regard to MU-MIMO enhancement:

·  Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
Our understanding of the above  “higher dimensional MU-MIMO” objective  was to increase the maximum number of MU-MIMO layers to beyond the current 4 layers.  We think that without supporting more than 4 layers of MU-MIMO, the benefit of introducing  OCC=4 is very limited given that 4-layer MU-MIMO is already supported in the previous releases. One of the use cases for supporting more than 4 layers of MU-MIMO  is to multiplex two rank-4 UEs  located in two different vertical beams each with 4 or 8 ports. In the future, it is envisioned that AAS with more TXRUs (provided that RAN4 can complete the necessary requirements for such large scale AAS) will be deployed and thus narrower beams will be created, so more UEs, located in different beams with rather good spatial isolation can be multiplexed together for MU-MIMO transmission.  Hence, to maximize the benefits of introducing OCC=4 and also to make DCI design forward compatible, supporting more than four layers for  MU-MIMO is desirable.     

Observation 1: It is desirable to support more than 4 layers of MU-MIMO (as seen from the eNB) with the introduction of OCC=4.



Dynamic Signaling
 With the current agreement of using orthogonal DMRS ports 7, 8, 11, and 13, the maximum number of MU-MIMO layers remains as four  if a 3 bit table is used.  A possible modification of the existing table [3] is shown in Table 1, where the entries with n_scid=1 are simply replaced with ports 11 and 13  with n_scid=0. However, this would limit the maximum number of MU-MIMO layers to 4. With this table, the main difference from the existing table is that orthogonal ports, instead of non-orthogonal ports,  are used for MU-MIMO with  more than 2 layers. 
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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, n_scid=0 (OCC4)
	0
	2 layers, ports 7-8, n_scid=0 (OCC4)

	1
	1 layer, port 11,  n_scid=0 (OCC4)
	1
	2 layers, ports 11, 13  n_scid=0 (OCC4)

	2
	1 layer, port 8, nSCID=0 (OCC4)
	2
	3 layers, ports 7-9

	3
	1 layer, port 13,  n_scid=0 (OCC4)
	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



To support more than 4 layers of MU-MIMO, a 4 bit table seems to be desirable. In principle, the design target is that it should support 8 UEs each with one layer, 4 UEs each with 1 or 2 layers, 3 UEs each with 1 or 2 layers,  and 2 UEs each with 1,2,3 or 4 layers.  In addition, it should also support UE multiplexing with legacy UEs.  With these in mind, a possible 4bit table is shown in Table 2. 
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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, n_scid=0
	0
	2 layers, ports 7-8, n_scid=0

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

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

	3
	1 layer, port 8,  n_scid=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

	8
	1 layer, port 7, n_scid=0 (OCC4)
	8
	2 layers, ports 7-8, n_scid=0 (OCC4)

	9
	1 layer, port 7,  n_scid=1 (OCC4)
	9
	2 layers, ports 7-8  n_scid=1 (OCC4)

	10
	1 layer, port 8, nSCID=0 (OCC4)
	10
	2 layers, ports 11,13, n_scid=0 (OCC4)

	11
	1 layer, port 8,  n_scid=1 (OCC4)
	11
	2 layers, ports 11,13  n_scid=1 (OCC4)

	12
	1 layer, port 11 n_scid=0 (OCC4)
	12
	3 layers, ports 7-9 , scid=1(OCC2)

	13
	1 layer, port 11,  n_scid=1 (OCC4)
	13
	4 layers, ports 7-10 , scid=1 (OCC2)

	14
	1 layer, port 13, nSCID=0 (OCC4)
	14
	Reserved 

	15
	1 layer, port 13,  n_scid=1 (OCC4)
	15
	Reserved 



Comparing to the one proposed in the WF [4] of last meeting, this table supports 8-layer MU-MIMO with two UEs each with 4 layers. For instance, with Class B operation and K=2, the two virtual sectors may schedule a UE in each with 4 layer MIMO each. In general, the Class B operation could be seen as a virtual sectorization with dynamic sector selection and there is no reason to limit the scheduling rank to two per sector.  

This table also allows MU-MIMO with UEs with mixed ranks (i.e. 1,2,3 and 4 layers).  For 3 and 4 layers transmission with two code words, a different scrambling ID is simply used  instead of using ports 7,8,11 with OCC=4 for 3 layers as in [4]. This would allow better channel estimation and less design change from the existing implementation.

Observation 2: A 4 bit table would allow MU-MIMO with 2 to 8 layers to be supported, which would maximize the benefits of introducing OCC=4.
Conclusion
We have discussed the need to support MU-MIMO with more than 4 layers and propose a 4bit table for the purpose. We have the following observations:
Observation 1: It is desirable to support more than 4 layers of MU-MIMO with the introduction of OCC=4.
Observation 2: A 4bit table would allow MU-MIMO with 2 to 8 layers to be supported, which would maximize the benefits of introducing OCC=4
Given these observations, we have the following proposal:
Proposal:   MU-MIMO scheduling with up to 4 layers per UE should be supported and a 4 bit table such as the one shown in Table 2  is introduced.
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