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1 Introduction
In RAN1#88bits meeting, the following agreement was achieved on DMRS overhead reduction for DL SU-MIMO rank 3-4. In this contribution, we further discuss the details of using OCC4 for rank 3-4 and the required specification changes.
Agreement:
· Define a new DMRS table or introduce new entries in existing DMRS table
· DCI payload size is the same as legacy
· Additional DMRS overhead reduction scheme for rank 3/4 transmission is FFS
2 Discussion
[bookmark: _GoBack]The DMRS ports using OCC4 was introduced in Rel.13 for improving higher order MU-MIMO transmission. In current specification OCC length 4 is only supported for rank 1/2 transmission. It was discussed during the Rel.13 FD-MIMO for enhancements on OCC length 4 for SU-MIMO rank 3 and 4 transmission, but no agreement was achieved due to the concern on the potential channel estimation performance degradation for time-frequency selectivity channel. However, for high capacity wireless stationary links, the channel condition will be much better, e.g., more LoS, no mobility or very low mobility. Therefore, it shall be possible to use OCC length 4 for SU-MIMO rank 3 and 4 transmission with negligible channel estimation performance loss.   
To specific DMRS overhead reduction using OCC4 for SU-MIMO rank 3 and 4 transmission the following issues need to be addressed.
· Dynamic switch of OCC length 2 and 4
· Dynamic SCID or VCID switching and MU-MIMO support
· Control signalling design for DMRS port indication with OCC length 4
The benefit of dynamic switching of OCC length 2 and 4 for rank 3 and 4 transmission is the scheduler flexibility and allow UE to use the legacy receiver for SU-MIMO rank 3 and 4 for time selective fading channels. However, this is not the case for wireless stationary links for which channel variation is assumed to be small. On the other hand, if dynamic switch of OCC length is supported there is a potential CQI mismatch. For CQI reporting, UE will assume the DMRS overhead is consistent with the reported rank according to the current specification. Therefore, UE will assume a DMRS overhead 12 or 24 REs corresponding to different OCC length for calculating rank 3 and 4 CQI. If the scheduled DMRS overhead is different from the assumed DMRS overhead for CQI calculation due to dynamic switch of OCC length, the reported CQI can be overestimated or underestimated thus affecting link adaptation and PDSCH performance. Another potential issue for supporting dynamic switch of OCC length is the control signalling complexity since more codepoints will be added to the DMRS table for indicating DMRS port and OCC length. A larger DMRS table need to be defined, such as 5-bits DMRS table which may require to add more bits to DCI format. Therefore, the benefit from dynamic switch of OCC length is not justified considering the potential issues. A semi-static switching is thus preferred. UE is configured with RRC parameter to change its DMRS structure, and OCC4 with 12 REs overhead is used for rank 3 and 4 transmission to replace the legacy OCC2 with 24 REs. 
Proposal 1: Introducing RRC parameter for configuring the OCC length for rank 3 and 4 transmission. 
In current specification, dynamic switching of SCID is not supported for SU-MIMO rank 3-8 transmission. If UE is scheduled with SU-MIMO rank 3/4 transmission there is no co-scheduled MU transmission on the same resource. If the OCC length 4 with 12 RE is configured for SU-MIMO rank 3 and 4, it is possible to have MU transmission also for rank 3 and 4 UE by assigning the unused DMRS port or a different SCID to the co-scheduled UEs. But in such case the channel estimation of the SU-MIMO rank 3 and 4 will be degraded by potential inter-user interference and non-orthogonal DMRS ports. It also increases UE complexity to blind detection of the co-scheduled UE and cancel inter-user interference. Since the objective of the DMRS overhead reduction using OCC4 is to improve SU-MIMO performance, we prefer not to support dynamic switching of SCID or VCID and also MU-MIMO for using OCC4 for rank 3 and 4. 
Proposal 2: If the OCC length 4 is configured for rank 3 and 4 transmission, nSCID is fixed to zero and MU-MIMO is not supported for rank 3 and 4.
For control signaling design we propose to update the existing 4-bits DMRS table by replacing the OCC2 with OCC4 for rank 3 and 4 as shown in Table 1 below. Here we assume that UE supporting OCC4 for rank 3 and 4 will support using OCC4 for rank 1 and 2 transmission. It can be seen that the OCC4 with 12 REs is also applicable to retransmission if configured. The usage of the new DMRS table is configured by higher layer signalling. If configured the new DMRS table is used for DCI format 2C and 2D for both PDCCH and EPDCCH.
Table 1: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	[bookmark: _Hlk436303579][bookmark: _Hlk436295718]0
	[bookmark: OLE_LINK32] 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31]1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7,8,11 (OCC4)

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7,8,11,13 (OCC4)

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	[bookmark: _Hlk436297004]12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7,8,11 (OCC4)
	13
	Reserved

	14
	4 layers, ports 7,8,11,13 (OCC4)
	14
	Reserved

	15
	Reserved
	15
	[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Reserved



Proposal 3: Adopt Table 1 for the signaling of DMRS port and OCC configuration. 
3	Conclusion
In this contribution, we discuss the required specification enhancements on reduced DMRS overhead using OCC4. Based on the discussion, we have the following proposals:
Proposal 1: Introducing RRC parameter for configuring the OCC length for rank 3 and 4 transmission. 
Proposal 2: If the OCC length 4 is configured for rank 3 and 4 transmission, nSCID is fixed to zero and MU-MIMO is not supported for rank 3 and 4.
Proposal 3: Adopt Table 1 for the signaling of DMRS port and OCC configuration. 
4	Reference
[1] 3GPP RAN1#88bis, Chairman’s notes. 


1/3
