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1 Introduction
In RAN1#82bis meeting, the following agreements were made for DMRS enhancements for higher order MU-MIMO [1].
Agreement:
· Confirm the working assumption for OCC=4 and 12REs made in RAN1#82, and the following table
· Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration

	[bookmark: _GoBack]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] 



In this contribution, we discuss the control signalling design for DMRS enhancements.
2 Discussion
The design of DL control signalling for additional DMRS ports is dependent on the applicability of the following features.
· Dynamic switch of OCC length for port 7 and 8
· Dynamic SCID or VCID switching for additional DMRS ports
· Enhancement on OCC length 4 for rank 3 and 4 transmissions
The benefit of dynamic switching of OCC length 2 and 4 is to allow the Rel-13 UE to use the legacy receiver for port 7 and/or 8 when total transmission layers is limited to two. This could avoid potential performance loss for time selective channel if the sequence de-spreading operation is based on OCC length 4 for rank 1 and 2 transmission. However, if Rel-13 UE has the capability to blind detect the used OCC length then the signalling of OCC length 2 and 4 for port 7 and 8 is not necessary. It is noted also that if OCC length 4 is used it does not mean that all the scheduled RBs are assigned with more than 2 layers. It is most likely that in some scheduled RBs total transmission layers is limited to two. There is non-negligible performance loss if the OCC length 4 based channel estimation is applied for all the RBs. To achieve better channel estimation performance Rel-13 UE shall be able to blind detect the OCC length on the RB basis. In other words, the benefits of dynamic switching of OCC length are quite limited. Therefore we propose not to support dynamic switching of OCC length 2 and 4 in the new DMRS table.
Proposal 1: Dynamic switching of OCC length 2 and 4 for port 7 and 8 is not supported in the new DMRS table. 
For the second issue of dynamic switching of SCID, it is needed mainly to support 8-layer MU-MIMO transmissions. However, the necessity of supporting 8-layer MU transmission is not concluded during the EB/FD-MIMO study. According to [2], max. 4-layer MU transmission performs better than max. 8-layer MU transmission especially for cell edge UE throughput for both 16- and 64- antenna ports. In [3] and [4] there are similar observations. Therefore, the justification to support dynamic switching of SCID due to up to 8-layer MU-MIMO may not be acceptable. In addition, it is noted that support of dynamic switching of SCID for additional DMRS ports will greatly increase UE processing complexity if NAICS receiver is used to cancel inter-cell interference. As shown in Table 1, due to a large number of hypothesis for different combinations of DMRS port and SCID, it seems not feasible to use ML approach to detect the existence of the interfering layers in the neighbouring cell and the corresponding DMRS port and SCID. A suboptimal solution that performs the detection of the interfering layers separately for each scrambling ID can be used in such case. But mutual interference between layers with different scrambling ID may limit the detection performance, especially when two scrambling IDs have the same strength. Therefore, it is not preferable to support dynamic switching of SCID considering the impact on UE complexity and limited performance benefits. 
Table 1. Number of hypothesis for DMRS ports and SCID of interfering layers
	
	2-layer
	3-layer
	4-layer

	Orthogonal MU-MIMO using OCC4 only
	
	 
	

	Quasi-orthogonal MU-MIMO with OCC4 and SCID 0/1
	
	 
	 


For TM10, the SCID values 0 and 1 are replaced by two VCID configured by higher layer signalling. The dynamic switching of VCID is beneficial for CoMP operation so that DM-RS to the same UE can be transmitted from different transmission points with different VCID values. However, the joint operation of FD-MIMO and CoMP has not been studied and evaluated in the EB/FD-MIMO study item. However, if there is a strong need to support joint FD-MIMO and CoMP operation, the selection of VCID can be based on different PQI states. In such case there is no need to increase the DCI format size to support dynamic switching of VCID for joint CoMP and FD-MIMO operation. 
Proposal 2: Dynamic switching of SCID is not supported in the new DMRS table at least for TM9. 
Proposal 3: Dynamic switching of VCID for TM10 can be based on PQI if supported. 
For the proposal to use OCC length 4 also for SU-MIMO rank 3 and 4 transmission, we think it shall not be supported. The usage of the OCC length 4 for rank 3 and 4 will seriously degrade channel estimation performance. Firstly, the longer OCC length may suffer from loss of DMRS port orthogonality due to temporal channel variation in a subframe. The pilot density is reduced from 6 RE/port to 3 RE/port for the DMRS pattern using OCC length 4 and 12 REs, which will lead also to worse channel estimation performance. According to current DCI design, if UE is scheduled with high rank 3-8 there is no co-scheduled MU transmission on the same resource. The RB bundling can be used also to further improve channel estimation performance. If the OCC length 4 with 12 RE is applied to rank 3 and 4, it is possible to have MU transmission also for rank-3 and 4 UE. In such case, the channel estimation for rank 3 and 4 is degraded due to potential inter-user interference. The gain from RB bundling is also limited if interfering layers are different on the scheduled RBs in the PRG. Therefore, it can be seen that the usage of OCC length 4 for rank 3 and 4 cannot improve channel estimation performance, and is not aligned with the objectives of the FD-MIMO WID.
Proposal 4: Using OCC length 4 for SU-MIMO rank 3 and 4 transmission is not supported. 
For rank 2 DMRS port configuration with OCC4, there are total 6 combination for one scrambling ID, e.g., port 7+8, port 7+11, port 7+13, port 8+11, port 8+13, and port 11+13. It is noted that the port combinations, e.g., port 7+11 and 8+13, allow orthogonal multiplexing between a legacy Rel-12 rank 1 UE and Rel-13 rank 2 UE. For example, if port 7 is assigned to a legacy Rel-12 UE then port 8+13 can be used for Rel-13 UE rank 2, thereby minimizing inter-DMRS ports interference. However, it shall be noted that port 11 and 13 are not known by the legacy UE. If advanced receiver is used by the legacy UE for joint channel estimation, then the use of port 11 or 13 for the co-scheduled MU layer will significantly degrade the channel estimation performance of the legacy UE as shown in Figure 1 below. Since eNB does not know whether UE uses the advanced receiver for joint channel estimation for MU-layers it is desirable not to support port combination 7+11 and 8+13 with OCC length 4 for Rel-13 UE. 
[image: ]
Figure 1: Impact on legacy rank 1 UE with advanced receiver
Proposal 5: For rank 2 DMRS port configuration with OCC4, only port 7+8 and port 11 + 13 are supported. 
According to the above discussion, we propose to use 3-bits for the signalling of DMRS configurations for new DMRS table. In other words, the DCI format size is not increased for new DMRS table. This is beneficial to maintain same link performance for DL control channel. The proposed DMRS table based on 3-bits signaling is shown in Table 2 below. The usage of the new and legacy DMRS table is configured by higher layer signalling. If configured the new DMRS table can be applied to DCI format 2C and 2D for both PDCCH and EPDCCH on UE specific search space. For port 7 in DCI format 1A in both cell common and UE specific search space, the OCC length 2 is always assumed. 
Proposal 6: Adopt Table 2 for the signaling of DMRS configuration for new DMRS table with 3-bits DCI signaling. 
Proposal 7: If configured, the new DMRS table can be applied to DCI format 2C and 2D for both PDCCH and EPDCCH. For port 7 in DCI format 1A, the OCC length 2 is always assumed.
Table 2: Antenna port(s), scrambling identity and number of layers indication for Rel-13
	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, OCC length 4
	0
	2 layers, ports 7-8, OCC length 4

	1
	1 layer, port 8, OCC length 4
	1
	2 layers, ports 11-13, OCC length 4

	2
	1 layer, port 11, OCC length 4
	2
	3 layers, ports 7-9

	3
	1 layer, port 13, OCC length 4
	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


Another open issue related to DMRS enhancement is the applicability of the agreed DMRS pattern with OCC4 to extended CP. Since the normal CP is used for the DMRS enhancement evaluation it is straightforward to agree the DMRS enhancement is only for normal CP. It is noted that for special subframe configuration 9 there are only 2 DMRS symbols therefore the OCC length 4 shall not be applied.
Proposal 8: The agreed DMRS pattern with OCC4 is only applied to the normal CP except special subframe configuration 9.
3	Conclusion
In this contribution, we discuss the control signalling details for supporting DMRS enhancements. Based on the discussion, we propose to adopt the following table for signalling of additional DMRS ports for Rel-13 UE:
Proposal 1: Adopt the following table for the signaling of DMRS configuration with 3-bits DCI signaling
· Dynamic switching of OCC length 2 and 4 for port 7 and 8 is not supported
· Dynamic switching of SCID is not supported in the new DMRS table at least for TM9
· Dynamic switching of VCID for TM10 can be based on PQI if supported
· Using OCC length 4 for SU-MIMO rank 3 and 4 transmission is not supported
	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, OCC length 4
	0
	2 layers, ports 7-8, OCC length 4

	1
	1 layer, port 8, OCC length 4
	1
	2 layers, ports 11-13, OCC length 4

	2
	1 layer, port 11, OCC length 4
	2
	3 layers, ports 7-9

	3
	1 layer, port 13, OCC length 4
	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



In addition, we propose 
Proposal 2: If configured, the new DMRS table can be applied to DCI format 2C and 2D for both PDCCH and EPDCCH. For port 7 in DCI format 1A, the OCC length 2 is always assumed.
Proposal 3: The agreed DMRS pattern with OCC4 is only applied to the normal CP except special subframe configuration 9.
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