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1 Introduction
In RAN1#82 meeting, Alt.1 (detailed in TR 36.897) of DMRS enhancement was achieved as a working assumption.
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 our companion contribution [1], we proposed to reverse OCC mapping on port 11 to address power imbalance issue. Since the orthogonality does not changed after solved power imbalance issue, we discuss the signalling design still based on the approved working assumption in this contribution. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Currently, legacy UEs use OCC=2 to estimate channel on DMRS, but Alt.1 with OCC=4 is designed for new UEs. In order to guarantee the accuracy of channel estimation for legacy UEs, the DMRS orthogonality should be considered while the new UEs are pairing with legacy UEs. Moreover, if both OCC=4 and OCC=2 are included in the Rel-13 DMRS configurations, OCC=4 coexisting with OCC=2 will be necessary, then DMRS orthogonality should be considered while UEs with OCC=4 and UEs with OCC=2 are paired.
As described in Figure 1, When a legacy UE uses port 7 with OCC=2, Rel-13 UE will impact on this legacy UE if it uses port 11 with same nSCID. When legacy UE uses port 8 with OCC=2, Rel-13 UE will impact on legacy UE if it uses port 13 with same nSCID. 

[image: C:\Users\2171490101502\Desktop\图片11.png]
Figure 1 Impact on orthogonality between OCC=2 and OCC=4
Therefore, to avoid serious interference on legacy UE, Rel-13 UE should not use port 11 if the legacy UE uses port 7 for the same nSCID. Similarly, Rel-13 UE also should not use port 13 if the legacy UE uses port 8 for the same nSCID. In order to maximize the number of paired UEs, port 7&11, and port 8& 13 instead of port 7& 8, and port 11&13 respectively should be adopted for Rel-13 rank 2 UEs.  
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Figure 2a Port configurations with 7&11 and 8&13         Figure 2b Port configurations with 7&8 and 11&13
As described in the first row of Figure 2a, total 7 layers with one 1-layer legacy UE and three 2-layer Rel-13 UEs can be supported. However, if Rel-13 remains legacy port configurations on rank 2 for OCC=4, maximum mu-layers will be smaller, which is described in Figure 2b. 
Based on above analysis, we propose that
Proposal 1: For OCC=4, the new DMRS port configurations with 7&11, and port 8&13 should be included for Rel-13 rank 2 UEs.
To achieve more orthogonal DMRS ports for multi-user scheduling, the standard effort on indications for antenna ports, scrambling identity and number of layers is necessary. The new control signal design on PDCCH can be based on DCI format 2C/2D, and we provide three candidate schemes as below
· Candidate 1: Both OCC=2 and OCC=4 are included in the new DCI signalling.
In this scheme, 1 more bit is needed. Then, a new DCI format, e.g. format 2E should be introduced. So compared with DCI format 2C/2D, the new DCI format has more indications for OCC=4. As shown in Table 1, the new indications marked by black colour are for OCC=4 and the blue colour indications are same as the legacy ones. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Pros.: Maximum flexibility can be achieved.
Cons.: DCI format payload is increased.
Table 1 Antenna port(s), scrambling identity and number of layers indication for candidate 1
[image: ]
· Candidate 2: One more table is included in DCI format 2C/2D and CRC mask is used to distinguish the two tables implicitly.
In this scheme, one more table, as Table 2 can be included in DCI format 2C/2D for multi-user scheduling with OCC=4. CRC mask on CRC attachment is used to implicitly distinguish this table and the legacy table. This is similar with UE transmit antenna selection mask. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Pros.: The DCI format 2C/2D can be reused without loss of scheduling flexibility. 
Cons.: The number of UE-IDs available for allocation would be reduced because of CRC mask.
Table 2 Antenna port(s), scrambling identity and number of layers indication for candidate 2
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· Candidate 3: Limitation for single user scheduling or multi-user scheduling
For Table 1, 3 bits are not enough even though the legacy values with OCC=2 are not considered. To keep same payload with DCI format 2C/2D for the new control signal design, some scheduling  limitations may be considered, e.g. limit maximum rank to 4 for one single user, then the indications for 3/4 layers of one codeword, 5/6/7/8 layers of two codewords can be removed. To schedule some high rank users, eNB can configure them with legacy DCI format 2C/2D. Meanwhile, considering actual situation, maximum number of paired users can be limited, especially for one codeword. After limitation, 3 bits are enough as one example shown in Table 3.
Table 3 Antenna port(s), scrambling identity and number of layers indication for candidate 3
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Another limitation can also be considered, e.g. only maximum five rank1-UEs are allowed to be scheduled simultaneously, and maximum two rank2-UEs are allowed to be scheduled simultaneously. By the limitation for this mu-scheduling, some indications can be removed and the 3 bits are also enough. 
Pros.: The new DCI format can keep same payload with DCI format 2C/2D, and UE need not blindly detect the implicit CRC mask.
Cons.: Some scheduling limitations should be done.
Based on aforementioned analysis, we propose
Proposal 2: The above three candidates should be considered for control signal design. 
3 Conclusion
In this contribution, we provided some proposals on additional DMRS ports as 
Proposal 1: For OCC=4, the new DMRS port configurations with 7&11, and port 8&13 should be included for Rel-13 rank 2 UEs.
Proposal 2: The above three candidates should be considered for control signal design.
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One Codeword:   Codeword 0 enabled,   Codeword 1 disabled   Two Codewords:   Codeword 0 enabled,   Codeword 1 enabled  

Value   Messa ge   Value   Message  

0   1 layer, port 7,  n SCID =0   ( OCC=4 )   0   2 layers, ports 7 &11 ,  n SCID =0   ( OCC=4 )  

1   1 layer, port 7,  n SCID =1   ( OCC=4 )   1   2 layers, ports 7 &11 ,  n SCID = 1   ( OCC=4 )  

2   1 layer, port 8,  n SCID =0   ( OCC=4 )   2   2 layers, ports  8&13 ,  n SCID =0   ( OCC=4 )  

3   1 layer, port 8,  n SCID =1   ( OCC=4 )   3   2 layers, ports  8 &1 3 ,  n SCID = 1   ( OCC=4 )  

4   1 layer, port  11 ,  n SCID =0   ( OCC=4 )   4   R eserved  

5   1 layer, port  11 ,  n SCID =1   ( OCC=4 )   5   R eserved  

6   1 layer, port  13 ,  n SCID =0   ( OCC=4 )   6   R eserved  

7   1 layer, port  13 ,  n SCID =1   ( OCC=4 )   7   R eserved  
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