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1 Introduction
In RAN#78 meeting, NR specification 38.211 was agreed in [1], while there are some remaining issues in the spec. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on some remaining issues of DMRS.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 PUSCH DMRS sequence generation for DFT-s-OFDM 
It was agreed that DMRS Configuration type1 (comb based structure) was used for PUSCH DMRS for DFT-s-OFDM. 
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)
And Rel-14 LTE DMRS comb-2 ZC sequence was reused for DFT-s-OFDM DMRS sequence.
Agreement 
For DFT-S-OFDM DMRS sequence design, at least for modulation > BPSK, and a sequence length > X, reuse Rel-14 LTE DMRS comb-2 ZC sequence design and associated RRC signalling.
While in current spec, it seems the sequence length for DFT-s-OFDM DMRS sequence is not suitable for comb-2 structure. And there are some issues DFT-s-OFDM based PUSCH DMRS sequence design.

Sequence length parameter

As the DMRS for DFT-s-OFDM based PUSCH is based on comb-2 structure, the sequence length should be half divided, i.e.  should be 1.

Cyclic shift parameter 

There is no definition of cyclic shift parameter  for DFT-s-OFDM based PUSCH DMRS. If we want to keep orthogonality on the nearest REs in frequency domain, the DMRS sequences and cyclic shift values should be same at least for the DMRS ports multiplexed with CDM in frequency domain. As for DFT-s-OFDM based PUSCH, only one layer for a UE is supported. That is to say, the cyclic shift parameters for the UEs allocated with F-CDMed DMRS ports should be same. This can be achieved with fixed value or configured same value for the related UEs.

While in case of 2-symbol front-loaded DMRS, considering the DMRS ports multiplexed with TD-OCC, and also considering the orthogonality for partial overlapping resource allocation, there will be some options on the design of cyclic shift parameter .
· 

Option 1. The simplest way is to keep the cyclic shift parameters  fixed for all DMRS ports, for example =0. 
In this option, the cyclic shift parameter is fixed and there is no cyclic shift hopping defined. There is no signaling overhead for the cyclic shift parameter, while there is either no interference randomization gain.
· Option 2. Keep the cyclic shift parameters same for all DMRS ports within the one or two front-loaded DMRS symbols.
In this option, the cyclic shift parameters can be same for a given cell, and cell-specific parameters can be introduced for inter-cell interference randomization. In addition, cyclic shift hopping based on slot level or each DMRS (1-symbol or 2-symbol) level can be introduced to achieve more interference randomization.
· Option 3. No cyclic shift hopping for the two-symbol front-loaded DMRS. That is to keep the cyclic shift value same on the two symbols for a given DMRS port. And there is no restriction on the cyclic shift parameters for the two DMRS ports multiplexed with TD-OCC.
In this option, the cyclic shift values for the UEs with different DMRS ports multiplexed with TD-OCC can be different, while we don’t see much gain for this. And this option may require potential signaling overhead.
· Option 4. Introduce cyclic shift hopping based on both slot and symbol index. That is, the cyclic shift parameters for the two front-loaded DMRS symbol are also different for a given DMRS port.



In this option, to keep the orthogonality for DMRS ports multiplexed with TD-OCC, the cyclic shift rotation between two symbols should be same for different UEs. For this option, LTE Rel-14 UL DMRS sequence structure and design for parameters ,  and can be reused.
Considering the different options, option 4 can achieve more interference randomization as the cyclic shift hopping is based on both slot and symbol index. While the gain is marginal compared with option 2, and the complexity is much more. We think both option 1 and option 2 are OK, and option 2 is preferred as this requires less signaling overhead and achieves good interference randomization. 

In addition, based on the same cyclic shift parameter within one CDM group, there is no need to introduce parameter . And in section 6.4.1.1.3 [1], it’s better to clarify the formula of mapping to physical resources for DMRS for DFT-s-OFDM is according to Configuration type1 to make it more clear.
Based on the discussion, we propose to modify the DFT-s-OFDM based PUSCH DMRS sequence generation, and the details are shown in Annex.
2.2 DMRS power scaling factor 
PUSCH DMRS power scaling factor

There is no description for PUSCH DMRS power scaling factor . For CP-OFDM based PUSCH DMRS, the same scheme as PDSCH described in section 7.4.1.1.2 [1] should be adopted. 
And for DFT-s-OFDM based PUSCH DMRS, as the structure is comb-2, and there is no FDM of data and DMRS. So 3dB power boosting can be achieved all the time.
PDSCH DMRS power scaling factor

The description for PDSCH DMRS power scaling factor  is in 38.214, the reference in section 7.4.1.1.2 [1] is not correct.
Based on the discussion, we propose to modify the power scaling factor for PUSCH DMRS, and details can be found in the Annex.
3 Conclusion
In this contribution, we provided our views on remaining issues on DMRS and gave the modifications based on current spec.
4 [bookmark: _Ref344215723]References
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Annex
[bookmark: _Toc500952637]5.2.2	Low-PAPR sequence generation



The sequence  is defined by a cyclic shift  of a base sequence  according to 









where  is the length of the sequence and . Multiple sequences are defined from a single base sequence through different values of  and . The quantity .











Base sequences  are divided into groups, where  is the group number and  is the base sequence number within the group, such that each group contains one base sequence () of each length  ,  and two base sequences () of each length , . The definition of the base sequence  depends on the sequence length .
< Unchanged parts are omitted >

[bookmark: _Toc500952681][bookmark: _Toc500952682]6.4.1	Reference signals
[bookmark: _Toc500952683]6.4.1.1	Demodulation reference signal for PUSCH
6.4.1.1.1	Sequence generation

If transform precoding for PUSCH is not enabled, the reference-signal 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 and


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


-	 and  otherwise


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 the cyclic shift  varies with the slot number according to



.The  function  is given by

 



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]where the pseudo-random sequence  is defined by clause 5.2.1,  is the position of the first DM-RS symbol for each front-loaded or additional DM-RS according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4. The pseudo-random sequence generator shall be initialized with , at the beginning of each radio frame.

[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]6.4.1.1.3	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 assume the sequence  is scaled by a factor  to conform with the transmission power specified in [TS38.213] and mapped to physical resource elements according to

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 resrouce resource blocks allocated for PUSCH transmission

For uplink DM-RS with PUSCH, the scaling factor[dB] is as shown in Table 6.4.1.1.3-6 according to the number of DM-RS CDM groups without data as defined in [5, TS 38.212] used signalled by DCI. 

[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

-	
-	for PUSCH mapping type B: 

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

-	 

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]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 equal to 3 is only supported when UL-DMRS-typeA-pos  is equal to 2.


The time-domain index   and the supported antenna ports  are given by Table 6.4.1.1.23-5.In Tables 6.4.1.1.23-3 through 6.4.1.1.23-5:
-	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.

Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.
	

	CDM group
	

	[image: ]
	[image: ]
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	[image: ]
	[image: ]
	[image: ]

	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	1
	+1
	+1
	+1
	+1

	1003
	1
	1
	+1
	-1
	+1
	+1

	1004
	0
	0
	+1
	+1
	+1
	-1

	1005
	0
	0
	+1
	-1
	+1
	-1

	1006
	1
	1
	+1
	+1
	+1
	-1

	1007
	1
	1
	+1
	-1
	+1
	-1



Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2.
	

	CDM group
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	1000
	0
	0
	+1
	+1
	+1
	+1

	1001
	0
	0
	+1
	-1
	+1
	+1

	1002
	1
	2
	+1
	+1
	+1
	+1

	1003
	1
	2
	+1
	-1
	+1
	+1

	1004
	2
	4
	+1
	+1
	+1
	+1

	1005
	2
	4
	+1
	-1
	+1
	+1

	1006
	0
	0
	+1
	+1
	+1
	-1

	1007
	0
	0
	+1
	-1
	+1
	-1

	1008
	1
	2
	+1
	+1
	+1
	-1

	1009
	1
	2
	+1
	-1
	+1
	-1

	1010
	2
	4
	+1
	+1
	+1
	-1

	1011
	2
	4
	+1
	-1
	+1
	-1




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

	
	DL-DMRS-add-pos
	DL-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

	
	DL-DMRS-add-pos
	DL-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
	
	
	-
	-
	
	




Table 6.4.1.1.2-5: PUSCH DM-RS time index .
	DM-RS duration
	

	
Supported antenna ports 

	
	
	Configuration type 1
	Configuration type 2

	single-symbol DM-RS
	0
	1000 – 1003
	1000 – 1005

	double-symbol DM-RS
	0, 1
	1000 – 1007
	1000 – 1011




[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Table 6.4.1.1.3-6: The ratio of PUSCH to DM-RS per layer per RE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB





The reference point for  is 
-	for PDSCH transmission carrying RMSI, subcarrier 0 of the lowest-numbered common resource block in the CORESET configured by the PBCH
-	otherwise, 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 PDSCH 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 PDSCH mapping type B: 

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

-	 
< Unchanged parts are omitted >

[bookmark: _Toc500952732]7.4.1	Reference signals
[bookmark: _Toc500952733]7.4.1.1	Demodulation reference signals for PDSCH
[bookmark: _Toc500952734]7.4.1.1.1	Sequence generation

The UE shall assume the reference-signal sequence  is defined by

.

where the pseudo-random sequence  is defined in clause 5.2. The pseudo-random sequence generator shall be initialized with



where  is the OFDM symbol number within the slot and


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


-	 and  otherwise
[bookmark: _Toc500952735]7.4.1.1.2	Mapping to physical resources
The UE shall assume the PDSCH DM-RS being mapped to physical resources according to type 1 or type 2 as given by the higher-layer parameter DL-DMRS-config-type.


The UE shall assume the sequence  is scaled by a factor  to conform with the transmission power specified in [TS38.213214] and mapped to physical resource elements according to





where , , and  are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled:
-	the resource elements are within the common resource blocks allocated for PDSCH transmission

< Unchanged parts are omitted >
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