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1 Introduction
This contribution is revised from R1-1712999. 
In previous meetings [1-4], the agreements related to DMRS were achieved as:
Agreements:
· For >4-layer transmission, each of the two CWs is mapped to at most 4 layers
Agreements:
· At least support the following layer split for L >4 layer transmission: the 1st  layers  CW0 and remaining layers  CW1
· For >4 layer transmission, investigate further whether or not to support additional correspondence with limited number of possibilities 
· The mapping is configured by gNB to the UE
· FFS whether by RRC signaling or DCI or both 
· FFS possible mapping configured by gNB
· FFS  whether the UE report the preferred layer mapping
Agreements:
· NR supports in one DCI containing one MCS (for the case of one CW) and two MCSs (for the case of two CWs) for a given UE
· FFS details
Agreements:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Agreements:
· NR supports higher layer signalling for the maximum number of MCS/RV/NDI in DCI for PDSCH
· FFS HARQ ID 
· Unless indicated otherwise, UE assumes single MCS/RV/NDI in DCI, i.e. up to four MIMO layers
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions
· The above applies for PDSCH and PUSCH without hopping
· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 
· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.
· further discuss next meeting the support of the case of two 2-symbol additional DMRS.
· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.
In this contribution, we provided our views on the DMRS configurations in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
As agreed in previous meeting, UE assumes single MCS/RV/NDI in DCI, i.e. up to four MIMO layers, unless indicated otherwise. While in addition to the MCS field, the field of DMRS ports and number of layers indication is also included in DCI, for both SU and MU scheduling. As agreed, up to 12 orthogonal DMRS ports are supported in NR, and for each UE, up to 8 layers is supported. Furthermore, for each UE, 1-4 layers can support only 1 CW and 5-8 layers can support 2 CWs. Based on the agreement, the DMRS table design should consider both single user and multi-user scheduling. To achieve full scheduling flexibility, the overhead for all hypotheses may be very large, for example, considering DMRS ports and number of layers design for 1 CW, there may be 12 single layer users co-scheduled. In addition, there may be six 2-layer, four 3-layer and three 4-layer indications for 1 CW. While considering DMRS ports and number of layers design for 2 CW, the number of hypotheses may be much reduced, as there are only 5-8 layers indication included. One example is shown in Table 1.
Table 1 Example of DMRS ports and number of layers indication
	One Codeword:
	Two Codewords:

	Value
	Message
	Value
	Message

	0
	 1 layer, port 1
	0
	5 layers, port 1-5

	1
	1 layer, port 2
	1
	5 layers, port 7-11

	2
	1 layer, port 3
	2
	6 layers, port 1-6

	3
	1 layer, port 4
	3
	6 layers, port 7-12

	4
	 1 layer, port 5
	4
	 7 layers, port 1-7

	5
	1 layer, port 6
	5
	8 layers, port 1-8

	6
	1 layer, port 7
	
	

	7
	1 layer, port 8
	
	

	8
	1 layer, port 9
	
	

	9
	1 layer, port 10
	
	

	10
	1 layer, port 11
	
	

	11
	1 layer, port 12
	
	

	12
	2 layers, port 1, 2
	
	

	13
	2 layers, port 3, 4
	
	

	14
	2 layers, port 5, 6
	
	

	15
	2 layers, port 7, 8
	
	

	16
	 2 layers, port 9, 10
	
	

	17
	2 layers, port 11, 12
	
	

	18
	3 layers, port 1, 2, 3
	
	

	19
	3 layers, port 4, 5, 6
	
	

	20
	3 layers, port 7, 8, 9
	
	

	21
	3 layers, port 10, 11, 12
	
	

	22
	4 layers, port 1, 2, 3, 4
	
	

	23
	4 layers, port 5, 6, 7, 8
	
	

	24
	4 layers, port 9, 10, 11, 12
	
	

	…
	…
	…
	…


As shown in the table, the number of indications for 1 CW is much larger than that for 2 CWs, and the large number of indications will cause large signalling overhead in DCI. So based on the discussion, we observe that:
Observation: Proper design for the DMRS ports and number of layers in DCI should be carefully studied, at least considering the scheduling flexibility and overhead.
Two configurations for DMRS were agreed, and each configuration contains several DMRS patterns, in addition, DMRS pattern was designed for both 1 and 2 symbols. The flexible DMRS configurations/patterns can achieve for flexible scheduling and cater for different cases. While on the other hand, the DMRS ports and number of layers design may be more complex. To further reduce the control signalling overhead, separate design can be considered for different DMRS configurations/patterns. For example, the DMRS table can be designed considering the maximum number of layers supported for a given UE. For example, for DMRS with up to 6 layers, the size of the table may be less than that for DMRS with up to 8 layers, e.g. 7 layers and 8 layers indication can be omitted. And for the UE support only one CW or up to 4 layers, there may be only one column for 1 CW design for the table, and the number of indications for 1 CW can be further reduced. Then there may be some considerations on which 4 layers are selected for this UE. Considering the flexibly scheduling and interference, different 4 layers can be selected from the total 8 or 12 DMRS ports for different UEs. For example, for UE 1, subset of ports 1-4 can be indicated with higher layer, and for UE 2, another subset of ports 5-8 may be indicated. For each UE, the DMRS indication can only include the ports in the subset. And on the other hand, totally 8 layers MU-MIMO can be supported with the two UEs. So based on the above discussion, we propose that:
Proposal1: Separate design for the DMRS ports and number of layers in DCI should be considered for different DMRS configurations. And support subsets of DMRS ports configuration with higher layer signaling to further reduce the indication overhead in DCI.
And considering different and flexible scenarios and requirements, dynamically configured DMRS patterns should be supported to cater for the changing cases. For example of multiplexing of 2 DMRS ports, FDM of the ports for one UE can achieve better orthogonality, and is beneficial for SU-MIMO scheduling. While for MU-MIMO, CDM of the ports can be assigned for one UE, and co-scheduled UE can be multiplexed with FDM. To support dynamic adaption between SU-MIMO and MU-MIMO, both CDM and FDM should be included in the DMRS ports indication in DCI, for example, FDM is used for SU scheduling only, and CDM can be used for MU scheduling. In addition, as agreed in last meeting, FDM between DMRS and data should be supported at least for some cases, one typical case for FDM between DMRS and data is to achieve better spectral efficiency. While if non-FDM between DMRS and data, and without co-scheduled UEs, more power boosting for the DMRS ports can be obtained, consequently, better channel estimation is achieved.
Based on the discussion above, considering the flexible scheduling cases, we propose that:
Proposal2: Both FDM and CDM should be supported in DMRS ports indication in DCI. And dynamic FDM and non-FDM between DMRS and data should be supported.
Considering additional DMRS, it was agreed that for 1-symbol front-loaded DMRS, three additional DMRS can be configured, and there were some patterns agreed in last meeting. The time interval between two DMRS symbols should mainly consider the channel requirements, based on this, considering the slot format (i.e. the number of DL symbols in one slot), when the number of DL symbols is less than some value, there is no need to support three additional DMRS, as the time density of DMRS can satisfy the requirements. So the configuration of additional DMRS may be different for different slot formats, for example, the bit field is different. 
And for 2-symbol front-loaded DMRS, the target is mainly for higher order MIMO. But if more than 1 additional DMRS is required, for example in HST scenario, there may be no need to support higher order MIMO. So for 2-symbol front-loaded DMRS, up to one 2-symbol additional DMRS is enough. So we propose that:
Proposal3: For 1-symbol front-loaded DMRS, maximum number of additional DMRS may be different for different slot formats. And for 2-symbol front-loaded DMRS, up to one 2-symbol additional DMRS is enough.
In addition, considering the case of single PDSCH with separate layers from separate TRPs, the DMRS sequence may be different with different cells or TRPs, as the different DMRS sequences have benefits on interference randomization for different cells or TRPs. So the DMRS ports related to different layers may have different sequences generated from separate initial values related to separate TRPs, and the indication of the different initial values for different DMRS ports in one PDSCH may be considered, and one example is shown in Figure 1. Alternatively, if the separate TRPs share same initial value for DMRS sequence generation, there may be no issue for the case, all the DMRS ports can be generated from same initial value, while the signaling exchanging between different TRPs may be considered.


Figure 1. Example for different DMRS sequences associated to separate layers from separate TRPs
Considering that the separate layers are transmitted from separate TRPs, usually the DMRS ports associated to the separate layers have different QCL parameters. One simple way to indicate the different DMRS sequences is that the sequences of different DMRS ports may be generated associated to the scrambling ID included in the QCL parameters. And we propose that:
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal4: Consider to support separate DMRS sequence generation for different DMRS port groups in the future work.
3 Conclusion
In this contribution, we provided our views for DMRS ports and number of layers design, and we observe and propose that:
Observation: Proper design for the DMRS ports and number of layers in DCI should be carefully studied, at least considering the scheduling flexibility and overhead.
Proposal1: Separate design for the DMRS ports and number of layers in DCI should be considered for different DMRS configurations. And support subsets of DMRS ports configuration with higher layer signaling to further reduce the indication overhead in DCI.
Proposal2: Both FDM and CDM should be supported in DMRS ports indication in DCI. And dynamic FDM and non-FDM between DMRS and data should be supported.
Proposal3: For 1-symbol front-loaded DMRS, maximum number of additional DMRS may be different for different slot formats. And for 2-symbol front-loaded DMRS, up to one 2-symbol additional DMRS is enough.
Proposal4: Consider to support separate DMRS sequence generation for different DMRS port groups in the future work.
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