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Introduction
Some controversial description related to DMRS were captured in the CR [1] to the specification TS 38.211. In this contribution, we are going to provide solutions on those issues. Meanwhile, some UE behavior regarding DMRS transmission and/or reception is still unclear, which will also be discussed in the contribution.

Discussion
UL DMRS precoding and mapping
The clauses 6.4.1.1.1 to 6.4.1.1.3 of the CR [1] changed the FD-CDM and TD-OCC in the sequence generation to follow the same order of precoding and resource-mapping as PUSCH. However, such arrangement is causing further confusion, and ridding the specification of the symmetry between UL and DL, which has violated the motivation of designing DMRS in the first place.
Problem 1: unclear definition of m
In the equation shown as follows


let us assume that port 0 and port 2 are scheduled for DMRS configuration type 1 with single-symbol front-loaded DMRS. It seems like  is defined within the CDM group based on the following clauses, so we have
Table 1 DMRS sequence mapping
	Subcarrier index
	CDM group 0 ()
	CDM group 1 ()

	
	Port 0
	Port 2
	Port 0
	Port 2

	
	
	Seq
	
	Seq
	
	Seq
	
	Seq

	11
	
	
	
	
	5
	0
	5
	

	10
	5
	
	5
	0
	
	
	
	

	9
	
	
	
	
	4
	0
	4
	

	8
	4
	
	4
	0
	
	
	
	

	7
	
	
	
	
	3
	0
	3
	

	6
	3
	
	3
	0
	
	
	
	

	5
	
	
	
	
	2
	0
	2
	

	4
	2
	
	2
	0
	
	
	
	

	3
	
	
	
	
	1
	0
	1
	

	2
	1
	
	1
	0
	
	
	
	

	1
	
	
	
	
	0
	0
	0
	

	0
	0
	
	0
	0
	
	
	
	



Then it does not make any sense to sum all CDM groups for a given  in the precoding clause.


Problem 2: incorrect mapping
After precoding,  is supposed to be defined on SRS ports  at least when SRS is configured, where the sequence on all DMRS ports are already mixed. It is impossible to map those precoded sequence on the DMRS-port specific CDM group.


To solve the issue for good, we propose to only define the resource mapping on DMRS ports, i.e., the “mapping to physical resources” in the clause 6.4.1.1.3 is actually DMRS ports, which is the same as used for DL. To be more specific, revert to v15.0.0, remove the precoding clause 6.4.1.1.2, and add the precoding information in 6.4.1.1.3 after mapping to physical resources. Details can be find the TP section.
Proposal 1: Revert to v15.0.0 of 38.211, remove the clause 6.4.1.1.2, and add the precoding information in 6.4.1.1.3.

DMRS port power imbalance
DMRS port power imbalance was raised earlier and later it was agreed that it could be up to gNB’s implementation. However, it cannot be up to UE’s implementation for UL, since the frequency selective precoding is not supported and the precoder is assigned by gNB for codebook based UL.

Suppose a UE configured with codebook based UL with 2 SRS ports. gNB schedules rank-2 transmission using TPMI indices 7 where the precoder is .
	Bit field mapped to index
	ULCodebookSubset = fullAndPartialAndNonCoherent

	7
	2 layers: TPMI=1



	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 2
	

	

	

	



If the DMRS ports are scheduled using antenna port index 8 for configuration type 2 with maximum length of front-loaded DMRS being 2, the problem of power imbalance between antenna ports will rise.
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	8
	2
	0,4
	2



Table 1 shows the sequence mapping on DMRS antenna ports. After precoding, we have the sequence mapping on SRS antenna ports, where the SRS port 0 and 1 transmit zero power on symbol 2 and 1, respectively. If UE maps each SRS ports onto each of its TXs, respectively, the power imbalance issue is severe, and thus is less desired for UE implementation.

[bookmark: _Ref505876252]Table 2 Sequence mapping on RE#0 for DMRS port 0 and 4 on two DMRS symbols
	DMRS port 0
	DMRS port 4

	Symbol 1
	Symbol 2
	Symbol 1
	Symbol 2

	
	
	
	



Table 3 Sequence mapping on RE#0 for SRS port 0 and 1 on two DMRS symbols
	SRS port 0
	SRS port 1

	Symbol 1
	Symbol 2
	Symbol 1
	Symbol 2

	
	
	
	



To solve this, we propose to change the TD-OCC sequence for every other CDM group. Meanwhile, to keep the low PAPR of CGS/ZC sequence of DFT-s-OFDM, such behavior is only applicable for CP-OFDM. As for DFT-s-OFDM, only one DMRS ports is scheduled, and there is no such problem as power imbalance.
Proposal 2: Reverse the TD-OCC sequence for every other CDM group, at least CP-OFDM UL.
	-	if transform precoding is not enabled, 


Where





To keep the symmetry between DL and UL, we have the same proposal for DL.
Proposal 3: Reverse the TD-OCC sequence for every other CDM group for DL.

PUSCH mapping type B
Due to the misalignment between slot-vs-non-slot and mapping-type A-vs-B, the design of DMRS mapping type B with 14 symbol allocation is not supported for MIMO session, while it is supported for control session [2]. To solve issue and to reduce the extrapolation, we propose either not to support 14 symbol resource allocation for mapping type B or to support the following DMRS position.
Table 4 DMRS positions for PUSCH mapping type B with 14 symbol allocation
	PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type B

	
	DL-DMRS-add-pos

	
	0
	1
	2
	3

	14
	0
	0, 12
	0, 6, 12
	0, 4, 8, 12



Proposal 4: Adopt the one of the following alternatives for 14 symbol resource allocation for PUSCH mapping type B,
· Alt. 1 it is not supported
· Alt. 2 DMRS is mapped on symbol(s) 0, 0+12, 0+6+12, and 0+4+8+12, for DL-DMRS-add-pos being configured as 0, 1, 2, and 3, respectively.

Scrambling ID
Since two scrambling ID can be configured using UE specific RRC, where dynamic selection is based on general DCI, i.e., DCI format 0_1 and 1_1, and cell ID is used before such configuration, scheduled by fallback DCI, i.e., DCI format 0_0 and 1_0, it is unclear how to select scrambling ID scheduled by fallback DCI after RRC configuration.
[bookmark: _GoBack]Since fallback only schedules DMRS port 0, and MU-MIMO and multi-TRP transmission are unlikely to be considered under such circumstances, we propose that DMRS scrambling ID is based on cell ID if PDSCH/PUSCH is scheduled by fallback DCI, regardless of before RRC configuration or after.
Proposal 5: DMRS scrambling ID is based on cell ID for fallback DCI formats, i.e., DCI format 0_0 and 1_0.

Text Proposal for 38.211

/************************ Start of Text Proposal **************************/
[bookmark: _Toc500952683]6.4.1.1.1	Sequence generation
6.4.1.1.1.1	Sequence generation when transform precoding is disabled

If transform precoding for PUSCH is not enabled, the sequence  shall be generated according to

.

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with




where  is the OFDM symbol number within the slot,  is the slot number within a frame, and


-	 and  is given by the higher-layer parameter UL-DMRS-Scrambling-ID if provided


-	 and  otherwise
The reference signal sequence  shall be generated according to

where 



-	, , and  are defined in clause 6.4.1.1.3;


-	 and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2;
-	the set of antenna ports  is given by clause 6.4.1.1.2.
6.4.1.1.1.2	Sequence generation when transform precoding is enabled

If transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to





where  is given by clause 5.2.2 with and  for a PUSCH transmission dynamically scheduled by DCI.


The sequence group , where  is given by


-	 if  is configured by the higher-layer parameter nPUSCH-Identity-Transform-precoding

-	 otherwise


where  and the sequence number  are given by:
-	if neither group, nor sequence hopping shall be used


-	if group hopping but not sequence hopping shall be used 




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame
-	if sequence hopping but not group hopping shall be used




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame

The reference signal sequence  shall be generated according to


where 



-	, , and  are defined in clause 6.4.1.1.3;


-	 and  are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2;

-	the antenna port  is given by clause 6.4.1.1.2.

[bookmark: _Toc500952684]6.4.1.1.2	Precoding

The reference-signal sequence  shall be precoded according to


where 

-	the precoding matrix  is given by clause 6.3.1.5, –

-	the set of antenna ports  is given by clause 6.3.1.5, and 

-	the set of antenna ports  is given by [TS38.214].

[bookmark: _Toc500952685]6.4.1.1.32	Precoding and 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 resource elements according to
-	if transform precoding is not enabled, 




	and the reference point for  is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled




	and the reference point for  is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.


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 resource blocks allocated for PUSCH transmission



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].


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

-	 is given by the higher-layer parameter DL-DMRS-typeA-pos
-	for PUSCH mapping type B: 

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

-	 

The position(s) of the DM-RS symbols is given by  and the signalled duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled PUSCH resources in the slot for PUSCH mapping type A, or the signalled duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. For PUSCH mapping type A, the case UL-DMRS-add-pos equal to 3 is only supported when ULDL-DMRS-typeA-pos is equal to 2.


The time-domain index  and the supported antenna ports  are given by Tables 6.4.1.1.3-3 through 6.4.1.1.3-5:
-	if the higher-layer parameter UL-DMRS-max-len is equal to 1, the tables shall be used according to single-symbol DM-RS
-	if the higher-layer parameter UL-DMRS-max-len is equal to 2, the associated DCI determines whether single-symbol or double-symbol DM-RS shall be used.
/************************ Unchanged parts omitted**************************/

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

Conclusion
In this contribution, some issues related to DMRS are discussed. The current UL precoding is adding difficulty to DMRS mapping procedure, which we propose a solution to revise. Meanwhile, some other issues, including DMRS port power imbalance, PUSCH mapping type B with 14 symbol resource allocation, and scrambling ID selection for fallback DCI, have been presented. Based on the discussion, we have the following proposals.
Proposal 1: Revert to v15.0.0 of 38.211, remove the clause 6.4.1.1.2, and add the precoding information in 6.4.1.1.3.
Proposal 2: Reverse the TD-OCC sequence for every other CDM group, at least CP-OFDM UL.
	-	if transform precoding is not enabled, 


Where




Proposal 3: Reverse the TD-OCC sequence for every other CDM group for DL.
Proposal 4: Adopt the one of the following alternatives for 14 symbol resource allocation for PUSCH mapping type B,
· Alt. 1 it is not supported
· Alt. 2 DMRS is mapped on symbol(s) 0, 0+12, 0+6+12, and 0+4+8+12, for DL-DMRS-add-pos being configured as 0, 1, 2, and 3, respectively.
Proposal 5: DMRS scrambling ID is based on cell ID for fallback DCI formats, i.e., DCI format 0_0 and 1_0.

[bookmark: _Ref494215420]Reference
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