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Introduction
This contribution discusses some descriptions captured in the specification related to DMRS that is still controversial and provides the text proposals based on 38.211 v15.0.0.

Discussion
UL DMRS precoding and mapping
The equation in 6.4.1.1.2 of 38.211 [1] applies the precoding on sequences of scheduled DMRS ports, shown as follows


After precoding, the dimension of , which is the number of layers, is converted to the dimension , which is  the number of SRS ports indicated in the DCI for PUSCH transmission either for codebook based or non-codebook based UL. The following DMRS mapping, especially the CDM mapping, cannot be carried out based on . Therefore, we propose to delete this clause and add the precoding information in the DMRS mapping clause.
Proposal 1: Remove clause 6.4.1.1.2 in 38.211, and add the precoding information in 6.4.1.1.3 in the current version.

DMRS for DFT-s-OFDM
In RAN1 AH 1706 [2], the following agreements were reached for CP-OFDM and DFT-s-OFDM.
	Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
Agreements:
· For DFT-S-OFDM based PUSCH DMRS
· DMRS are mapped to resource elements using a comb structure (IFDMA). 
· DMRS and associated PUSCH are multiplexed in time domain
· At least the following (repetition factor, CS) combinations is supported
·  (2, 2)



For DFT-s-OFDM, the port multiplexing in the frequency domain is the same as that for CP-OFDM, while in the current RAN1 specification, there is no such frequency domain port multiplexing description for DFT-s-OFDM, which is not in line with the agreement.


Meanwhile, using the current equation of DMRS mapping, port 1000 and port 1001 can only multiplexed quasi-orthogonally using different sequences, which is configured semi-statically, instead of using the same sequence via different time-domain cyclic shift, which is indicated dynamically. Therefore, we propose to add  back to the DMRS mapping for DFT-s-OFDM.
Proposal 2: Add  to the DMRS port mapping equation for DFT-s-OFDM in clause 6.4.1.1.3 of 38.211.

DMRS position for UL
It was agreed in RAN1#90b [3] and RAN1#91 [4] that 
	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.
Agreement
For slot-based transmission, the front-load DMRS of PUSCH is located to the first symbol with respect to the scheduled data when the PUSCH starts from the Xth symbol (X starts from 1) in the slot with X>1.



The motivation for slot-based PUSCH to have the same position as slot-based PDSCH is to reduce cross-link interference cross cells, so the position of 1st DMRS of slot-based PUSCH is also indicated via the same parameter DL-DMRS-typeA-pos as DL. Also supporting UL-DMRS-add-pos equal to 3 only when DL-DMRS-typeA-pos is equal to 2 only applies for PUSCH mapping type A, and should not have any impact on PUSCH mapping type B. 
Proposal 3: Change the UL-DMRS-typeA-pos to DL-DMRS-typeA-pos in clause 6.4.1.1.3 of 38.211, and explicitly associate the .parameter to the value  for PUSCH mapping type A.
Proposal 4: Add the condition “for PUSCH mapping type A” to
	The case UL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos  is equal to 2.



Text Proposal for 38.211

/************************ Start of Text Proposal **************************/
[bookmark: _Toc500952684]6.4.1.1.2	Precoding

The reference-signal sequence   shall be precoded according to




where the precoding matrix   and the set of antenna ports  are given by clause 6.3.1.5.
[bookmark: _Toc500952685]6.4.1.1.32	Mapping to physical resources
The precoded PUSCH DM-RS shall be mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter UL-DMRS-config-type.

The UE shall map the sequence  to physical resource elements according to
-	if transform precoding is not enabled, 



-	if transform precoding is enabled






where , , and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the following conditions are fulfilled:
-	the resource elements are within the common resrource blocks allocated for PUSCH transmission

[bookmark: _Hlk497489559]The reference point for  is subcarrier 0 in common resource block 0.


The reference point for  and the position  of the first DM-RS symbol depends on the mapping type:
-	for PUSCH mapping type A: 

-	 is defined relative to the start of the slot



-	if the higher-layer parameter DL-DMRS-typeA-pos equals 3 and  otherwise
-	for PUSCH mapping type B: 

-	 is defined relative to the start of the scheduled PUSCH resources

-	 

[bookmark: _GoBack]The position(s) of the DM-RS symbols is given by  and the duration of the PUSCH transmission in symbols according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. The case UL-DMRS-add-pos for PUSCH mapping type A equal to 3 is only supported when ULDL-DMRS-typeA-pos  is equal to 2.



The precoding matrix  and the set of antenna ports  are given by clause 6.3.1.5, and the DMRS antenna ports  shall be determined according to the procedure in [6, TS 38.214].

/************************ Unchanged parts omitted**************************/

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS.
	 PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	DLUL-DMRS-add-pos
	DLUL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	-
	-
	0
	0, 4
	-
	-

	8
	

	-
	-
	-
	0
	0, 6
	0, 3, 6
	-

	9
	

	
, 7
	-
	-
	0
	0, 6
	0, 3, 6
	-

	10
	

	
, 9
	
, 6, 9
	-
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	11
	

	
, 9
	
, 6, 9
	-
	0
	0, 8
	0, 4, 8
	0, 3, 6, 9

	12
	

	
, 9
	
, 6, 9
	
, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	13
	

	
, 11
	
, 7, 11
	
, 5, 8, 11
	0
	0, 10
	0, 5, 10
	0, 3, 6, 9

	14
	

	
, 11
	
, 7, 11
	
, 5, 8, 11
	-
	-
	-
	-




Table 6.4.1.1.3-4: PUSCH DM-RS positions  for double-symbol DM-RS.
	[bookmark: _Hlk498007820]PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	DLUL-DMRS-add-pos
	DLUL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	-
	
	
	0
	-
	
	

	8
	

	-
	
	
	0
	0, 5
	
	

	9
	

	-
	
	
	0
	0, 5
	
	

	10
	

	
, 8
	
	
	0
	0, 7
	
	

	11
	

	
, 8
	
	
	0
	0, 7
	
	

	12
	

	
, 8
	
	
	0
	0, 9
	
	

	13
	

	
, 10
	
	
	0
	
	
	

	14
	

	
, 10
	
	
	-
	-
	
	



/************************ Unchanged parts omitted**************************/

/************************ End of Text Proposal **************************/
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