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Introduction
There have been many agreements made on DMRS in previous meetings. Some of the agreements are copied below for reference. 

Agreement:
For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:
The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 
At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.
FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline
Agreement: 
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.
FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.
Agreement:
· For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the
The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 
· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.
FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop
· At least same location for UL and DL is supported
· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.
· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc
FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.
Agreement:
· At least the following information is included in DCI as part of downlink DMRS port assignment:
Scheduled downlink DMRS ports
Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
· At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
Scheduled uplink DMRS ports
Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)

In the post #90bis email discussion few issues were raised which need further agreement. In this contribution we discuss some of the remaining issues and provide our views. 

Discussion

DMRS for PUSCH
Some agreements on DMRS for PUSCH were made in RAN1#90bis, some remaining open issues is discussed below.
Actual DMRS patterns, including front-loaded and additional DMRS, for 1 or 2 symbols DMRS are yet to be agreed. In slot based scheduling, the scheduled PDSCH symbol starts from left side of the slot which may or may not occupy all the symbols, however for UL the scheduled PUSCH symbol may or may not start from the beginning of the slot and may or may not end at the right most symbol depending on whether SRS is present or not. It has been agreed that an SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot. For 1 symbol front-loaded DMRS, the last DMRS symbol position can be same as in DL, i.e. 12th, 10th, 8th symbol, however potential last PUSCH symbol can be slightly different. And, in some special cases, considering performance benefit different symbol locations for additional DMRS can be considered. Potential UL DMRS patterns for 1+1, 1+1+1 and 2+2 can be found in the attached excel sheet. 
Proposal 1: agree on the UL DMRS patterns (1+1, 1+1+1 and 2+2) in the attached excel sheet. 
On puncturing of additional DMRS 
It has been agreed that for 1 symbol front loaded DMRS, an UE maybe be configured with {0, 1, 2, 3} additional DMRS. Number of additional DMRS is RRC configured however the exact symbol location depends on number of scheduled PDSCH symbols. Figure 1 shows the locations for 1, 2 and 3 additional DMRS(s) for smallest number of PDSCH symbols. However, in frame structure agenda, it has been agreed that each slot can be configured with different slot format, for a given slot format number of DL symbols may vary which can be less the number of PDSCH symbols shown in figure 1. It is unclear yet what is the gNB and UE behavior when the number of DL symbols in a slot format is less, for example less than 8 symbols when the UE is configured with 1 additional DMRS or less than 10 when 2 additional DMRSs are configured or less than 12 when 3 additional DMRSs are configured.
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Figure 1, additional DMRS and their locations
One way to solve this issue is to constrain in specification such that the UE is not expected to receive PDSCH symbols less than certain value when configured with certain number of additional DMRS(s). However, this will impact the flexible configuration of slot formats. Considering the flexibility of slot format configuration we prefer to puncture additional DMRS symbol(s) when the number of PDSCH symbols is less than the smallest value defined for given number of RRC configured additional DMRS symbol(s).
Proposal 2: When the number of PDSCH symbols is less than the smallest value defined for given number of RRC configured additional DMRS symbol(s), the DMRS outside PDSCH region is punctured. 

On number of additional DMRS when 2 symbols FL DMRS configured 
Following was agreed in post RAN1#90bis email discussion: 
· When a UE is configured with a maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 
· It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.

And, according to previous agreements there only 2 patterns for 2 symbols FL DMRS for given number of scheduled PDSCH symbols, one is without additional DMRS and another is with 1 additional DMRS.  For 1 symbol FL DMRS, number of additional DMRS can be 0, 1, 2, or 3. It was also been agreed that the maximum number FL DMRS is configured with higher-layer signaling and the actual number is signaled with DCI using DMRS-table-based indication. When an UE is configured with maximum number of 2 FL DMRS but actually scheduled with 1 FL DMRS, the maximum number of additional DMRS which can be configured is unclear. One option is to always restrict the configurable number of additional DMRS equals to the potential additional DMRS for 2 FL DMRS, i.e. {0, 1}. Since the UEs with different number of additional DMRS configured are not co-scheduled this has some restriction on MU scheduling flexibility when actual scheduled FL DMRS is 1. Another option is to separately configure number of additional DMRS for 1 FL DMRS and 2 FL DMRS to an UE. When actual scheduled FL DMRS is 2 the UE follows the additional DMRS configuration for 2 FL DMRS and when actual scheduled FL DMRS is 1 the UE follows the additional DMRS configuration for 1 FL DMRS. Our preference is second option. 

Proposal 3: Separately configure number of additional DMRS for 1 FL DMRS and 2 FL DMRS to an UE. When actual scheduled FL DMRS is 2 the UE follows the additional DMRS configuration for 2 FL DMRS and when actual scheduled FL DMRS is 1 the UE follows the additional DMRS configuration for 1 FL DMRS

DMRS port mapping
Figure 2 and Figure 3 show DMRS port mapping for configuration type 1 and type 2. For 1-symbol front-loaded DMRS, DMRS ports to RE mapping has been agreed in RAN1#90 which is shown in the figures below. Following the similar principle, DMRS ports to RE mapping for 2-symbol front-loaded DMRS are also shown in figures 1 and 2 for both configuration type 1 and 2.
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Figure 2: DMRS configuration type 1
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Figure 3: DMRS configuration type 2

DMRS index tables
It was agreed in RAN1#90bis, for UL/DL, potential presence of co-scheduled DMRS CDM groups for rate matching is included in DCI. And, there are no dedicated bits for rate matching around DMRS CDM group(s). Tables 3 – 7 in appendix show the DMRS assignment tables for DL/UL type 1/type 2 and DFT-s-OFDM waveform. Following principle is considered in the design.
1. When the network assigns DMRS ports to all UEs, it always starts from port 0, if the assigned port number falls into the CDM group with higher index then it is assumed that the ports in the CDM group with lower index are also assigned in the network at the time of scheduling. For example, when an UE is assigned with port2 which belongs to CDM group index 2 then the ports in CDM group index 1 are also assigned by the network at this time of scheduling.
In the tables, first column is DMRS index, second column is number of assigned layers, third column is DMRS port index, fourth column is CDM group index and last column is number of front-loaded DMRS symbol(s).  
Proposal 4: agree on above principle of signaling CDM group and number of front-loaded DMRS symbols. 
Conclusions
In this contribution we discussed UL DMRS patterns, DMRS assignment tables and some other details. We propose:
Proposal 1: agree on the UL DMRS patterns (1+1, 1+1+1 and 2+2) in the excel sheet. 
Proposal 2: When the number of PDSCH symbols is less than the smallest value defined for given number of RRC configured additional DMRS symbol(s), the DMRS outside PDSCH region is punctured. 
Proposal 3: Separately configure number of additional DMRS for 1 FL DMRS and 2 FL DMRS to an UE. When actual scheduled FL DMRS is 2 the UE follows the additional DMRS configuration for 2 FL DMRS and when actual scheduled FL DMRS is 1 the UE follows the additional DMRS configuration for 1 FL DMRS
Proposal 4: agree on above principle of signaling CDM group and number of front-loaded DMRS symbols. 
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Appendix
Table 1: MRS CDM group index for front loaded DMRS configuration type 1
	DMRS group
index
	port index
(UE)

	
	DMRS
Symbol
number =1
	DMRS
Symbol
number =2

	0
	port0/1
	port0/1/4/5

	1
	port2/3
	port2/3/6/7



Table 2: DMRS CDM group index for front loaded DMRS configuration type 2
	DMRS group
index
	port index
(UE)

	
	DMRS
Symbol
number =1
	DMRS
Symbol
number =2

	0
	port0/1
	port0/1/6/7

	1
	port2/3
	port2/3/8/9

	2
	port4/5
	port4/5/10/11




Table 3: DMRS index table for front loaded DMRS configuration type 1, DL
	DMRS
index
	Layers
(UE)
	port index
(UE)
	DMRS
Group index
(UE)
	DMRS 
Symbol
number

	0
	1
	port0
	group0
	1

	1
	
	
	group0/1
	

	2
	
	
	group0
	2

	3
	
	
	group0/1
	

	4
	1
	port1
	group0
	1

	5
	
	
	group0/1
	

	6
	
	
	group0
	2

	7
	
	
	group0/1
	

	8
	1
	port2
	group0/1
	1

	9
	
	
	group0/1
	2

	10
	1
	port3
	group0/1
	1

	11
	
	
	group0/1
	2

	12
	1
	port4
	group0/1
	2

	13
	1
	port5
	group0/1
	2

	14
	1
	port6
	group0/1
	2

	15
	1
	port7
	group0/1
	2

	16
	2
	port0-1
	group0
	1

	17
	
	
	group0/1
	

	18
	
	
	group0
	2

	19
	
	
	group0/1
	

	20
	2
	port2-3
	group0/1
	1

	21
	
	
	group0/1
	2

	22
	2
	port4-5
	group0/1
	2

	23
	2
	port6-7
	group0/1
	2

	24
	3
	port0-2
	group0/1
	1

	25
	3
	port0-1,4
	group0/1
	2

	26
	3
	port2-3,6
	group0/1
	2

	27
	4
	port0-3
	group0/1
	1

	28
	4
	port0-1,4-5
	group0/1
	2

	29
	4
	port2-3,6-7
	group0/1
	2

	30
	5
	port0-4
	group0/1
	2

	31
	6
	port0-4,6
	group0/1
	2

	32
	7
	port0-6
	group0/1
	2

	33
	8
	port0-7
	group0/1
	2




Table 4: DMRS index table for front loaded DMRS configuration type 2, DL

	DMRS
index
	Layers
(UE)
	port index
(UE)
	DMRS
Group index
(UE)
	DMRS 
Symbol
number

	0
	1
	port0
	group0
	1

	1
	
	
	group0/1
	

	2
	
	
	group0/1/2
	

	3
	
	
	group0
	2

	4
	
	
	group0/1
	

	5
	
	
	group0/1/2
	

	6
	1
	port1
	group0
	1

	7
	
	
	group0/1
	

	8
	
	
	group0/1/2
	

	9
	
	
	group0
	2

	10
	
	
	group0/1
	

	11
	
	
	group0/1/2
	

	12
	1
	port2
	group0/1
	1

	13
	
	
	group0/1/2
	

	14
	
	
	group0/1
	2

	15
	
	
	group0/1/2
	

	16
	1
	port3
	group0/1
	1

	17
	
	
	group0/1/2
	

	18
	
	
	group0/1
	2

	19
	
	
	group0/1/2
	

	20
	1
	port4
	group0/1/2
	1

	21
	
	
	group0/1/2
	2

	22
	1
	port5
	group0/1/2
	1

	23
	
	
	group0/1/2
	2

	24
	1
	port6
	group0/1
	2

	25
	
	
	group0/1/2
	

	26
	1
	port7
	group0/1
	2

	27
	
	
	group0/1/2
	

	28
	1
	port8
	group0/1
	2

	29
	
	
	group0/1/2
	

	30
	1
	port9
	group0/1
	2

	31
	
	
	group0/1/2
	

	32
	1
	port10
	group0/1/2
	2

	33
	1
	port11
	group0/1/2
	2

	34
	2
	port0-1
	group0
	1

	35
	
	
	group0/1
	

	36
	
	
	group0/1/2
	

	37
	
	
	group0
	2

	38
	
	
	group0/1
	

	39
	
	
	group0/1/2
	

	40
	2
	port2-3
	group0/1
	1

	41
	
	
	group0/1/2
	

	42
	
	
	group0/1
	2

	43
	
	
	group0/1/2
	

	44
	2
	port4-5
	group0/1/2
	1

	45
	
	
	group0/1/2
	2

	46
	2
	port6-7
	group0/1
	2

	47
	
	
	group0/1/2
	

	48
	2
	port8-9
	group0/1
	2

	49
	
	
	group0/1/2
	

	50
	2
	port10-11
	group0/1/2
	2

	51
	3
	port0-2
	group0/1
	1

	52
	
	
	group0/1/2
	

	53
	3
	port3-5
	group0/1/2
	1

	54
	3
	port0-1,6
	group0/1
	2

	55
	
	
	group0/1/2
	

	56
	3
	port2-3,8
	group0/1
	2

	57
	
	
	group0/1/2
	

	58
	3
	port4-5,10
	group0/1/2
	2

	59
	4
	port0-3
	group0/1
	1

	60
	
	
	group0/1/2
	

	61
	4
	port0-1,6-7
	group0/1
	2

	62
	
	
	group0/1/2
	

	63
	4
	port2-3,8-9
	group0/1
	2

	64
	
	
	group0/1/2
	

	65
	4
	port4-5,10-11
	group0/1/2
	2

	66
	5
	port0-4
	group0/1/2
	1

	67
	5
	port0-2,6-7
	group0/1
	2

	68
	
	
	group0/1/2
	

	69
	6
	port0-5
	group0/1/2
	1

	70
	6
	port0-3,6-7
	group0/1
	2

	71
	
	
	group0/1/2
	

	72
	7
	port0-3,6-8
	group0/1
	2

	73
	
	
	group0/1/2
	

	74
	8
	port0-3,6-9
	group0/1
	2

	75
	
	
	group0/1/2
	




Table 5: DMRS index table for front loaded DMRS configuration 1, UL
	DMRS
index
	Layers
(UE)
	port index
(UE)
	DMRS
Group index
(UE)
	DMRS 
Symbol
number

	0
	1
	port0
	group0
	1

	1
	
	
	group0/1
	

	2
	
	
	group0
	2

	3
	
	
	group0/1
	

	4
	1
	port1
	group0
	1

	5
	
	
	group0/1
	

	6
	
	
	group0
	2

	7
	
	
	group0/1
	

	8
	1
	port2
	group0/1
	1

	9
	
	
	group0/1
	2

	10
	1
	port3
	group0/1
	1

	11
	
	
	group0/1
	2

	12
	1
	port4
	group0/1
	2

	13
	1
	port5
	group0/1
	2

	14
	1
	port6
	group0/1
	2

	15
	1
	port7
	group0/1
	2

	16
	2
	port0-1
	group0
	1

	17
	
	
	group0/1
	

	18
	
	
	group0
	2

	19
	
	
	group0/1
	

	20
	2
	port2-3
	group0/1
	1

	21
	
	
	group0/1
	2

	22
	2
	port4-5
	group0/1
	2

	23
	2
	port6-7
	group0/1
	2

	24
	3
	port0-2
	group0/1
	1

	25
	3
	port0-1,4
	group0/1
	2

	26
	3
	port2-3,6
	group0/1
	2

	27
	4
	port0-3
	group0/1
	1

	28
	4
	port0-1,4-5
	group0/1
	2

	29
	4
	port2-3,6-7
	group0/1
	2



Table 6: DMRS index table for front loaded DMRS configuration 2, UL
	DMRS
index
	Layers
(UE)
	port index
(UE)
	DMRS
Group index
(UE)
	DMRS 
Symbol
number

	0
	1
	port0
	group0
	1

	1
	
	
	group0/1
	

	2
	
	
	group0/1/2
	

	3
	
	
	group0
	2

	4
	
	
	group0/1
	

	5
	
	
	group0/1/2
	

	6
	1
	port1
	group0
	1

	7
	
	
	group0/1
	

	8
	
	
	group0/1/2
	

	9
	
	
	group0
	2

	10
	
	
	group0/1
	

	11
	
	
	group0/1/2
	

	12
	1
	port2
	group0/1
	1

	13
	
	
	group0/1/2
	

	14
	
	
	group0/1
	2

	15
	
	
	group0/1/2
	

	16
	1
	port3
	group0/1
	1

	17
	
	
	group0/1/2
	

	18
	
	
	group0/1
	2

	19
	
	
	group0/1/2
	

	20
	1
	port4
	group0/1/2
	1

	21
	
	
	group0/1/2
	2

	22
	1
	port5
	group0/1/2
	1

	23
	
	
	group0/1/2
	2

	24
	1
	port6
	group0/1
	2

	25
	
	
	group0/1/2
	

	26
	1
	port7
	group0/1
	2

	27
	
	
	group0/1/2
	

	28
	1
	port8
	group0/1
	2

	29
	
	
	group0/1/2
	

	30
	1
	port9
	group0/1
	2

	31
	
	
	group0/1/2
	

	32
	1
	port10
	group0/1/2
	2

	33
	1
	port11
	group0/1/2
	2

	34
	2
	port0-1
	group0
	1

	35
	
	
	group0/1
	

	36
	
	
	group0/1/2
	

	37
	
	
	group0
	2

	38
	
	
	group0/1
	

	39
	
	
	group0/1/2
	

	40
	2
	port2-3
	group0/1
	1

	41
	
	
	group0/1/2
	

	42
	
	
	group0/1
	2

	43
	
	
	group0/1/2
	

	44
	2
	port4-5
	group0/1/2
	1

	45
	
	
	group0/1/2
	2

	46
	2
	port6-7
	group0/1
	2

	47
	
	
	group0/1/2
	

	48
	2
	port8-9
	group0/1
	2

	49
	
	
	group0/1/2
	

	50
	2
	port10-11
	group0/1/2
	2

	51
	3
	port0-2
	group0/1
	1

	52
	
	
	group0/1/2
	

	53
	3
	port3-5
	group0/1/2
	1

	54
	3
	port0-1,6
	group0/1
	2

	55
	
	
	group0/1/2
	

	56
	3
	port2-3,8
	group0/1
	2

	57
	
	
	group0/1/2
	

	58
	3
	port4-5,10
	group0/1/2
	2

	59
	4
	port0-3
	group0/1
	1

	60
	
	
	group0/1/2
	

	61
	4
	port0-1,6-7
	group0/1
	2

	62
	
	
	group0/1/2
	

	63
	4
	port2-3,8-9
	group0/1
	2

	64
	
	
	group0/1/2
	

	65
	4
	port4-5,10-11
	group0/1/2
	2



Table 7: DMRS index table for DFT-S-OFDM, UL
	DMRS
index
	Layers
(UE)
	port index
(UE)
	DMRS
Group index
(UE)
	DMRS 
Symbol
number

	0
	1
	port0
	group0
	1

	1
	
	
	group0/1
	

	2
	
	
	group0
	2

	3
	
	
	group0/1
	

	4
	1
	port1
	group0
	1

	5
	
	
	group0/1
	

	6
	
	
	group0
	2

	7
	
	
	group0/1
	

	8
	1
	port2
	group0/1
	1

	9
	
	
	group0/1
	2

	10
	1
	port3
	group0/1
	1

	11
	
	
	group0/1
	2

	12
	1
	port4
	group0/1
	2

	13
	1
	port5
	group0/1
	2

	14
	1
	port6
	group0/1
	2

	15
	1
	port7
	group0/1
	2
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