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Introduction
In RAN#78 meeting, NSA specifications of NR were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on stabilizing basic and essential functionality for the scope of the December drop in this RAN1 AH1801 meeting.  There are some remaining details on DMRS which need to be refined or updated in the specification. We provide our proposals on DMRS related issues in this contribution.
Discussion
DMRS procedure in 38.214 
In RAN1#90bis meeting, there was an agreement as shown below [1] and it was clarified for DL based on email discussion [2]. Subsequently, the agreement for DL has been captured in 38.214. However, there is no related description for UL yet because of limited time. 
Agreements in RAN1#90bis:
· UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz
Description for DL in 38.214:
· [bookmark: _Hlk500828751]If a UE receiving PDSCH is configured with the higher layer parameter DL-PTRS-present, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH.
· any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
· PT-RS is transmitted to the UE.
So the corresponding description for UL DMRS transmission procedure should also be captured in section 6.2.2 of 38.214. Since PTRS port cannot be associated with any DM-RS ports 1004-1007 or 1006-1011 for DM-RS configuration type 1 and type 2 respectively according to previous agreements and description in section 6.4.1.2.2.1 of 38.211, the following proposal is necessary to make TS complete. 
TP 1: Capture the following description in the last paragraph of section 6.2.2 in 38.214. 
	· If a UE transmitting PUSCH is configured with the higher layer parameter UL-PTRS-present, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH.
· any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and
· PT-RS is transmitted from the UE.



DMRS related description in 38.211 
Section 5.2.2 
In the current 38.211, section 5.2.2,  the equation for sequence generation is as follows:






It seems to have some confusion for the sequence generation since the quantity of  is always 0. So the term is always 0 and hence is not required in the equation and the sequence should not be a function of . And then we propose following corrections. The other related sections should also follow the corrections.
TP 2: 
	



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 .


Section 6.4.1.1.1
First, the range of m for r(m) generation should be specified separately for DMRS type 1 and type 2. 
Second, DMRS sequence hopping and group sequence hopping should be included similar to the  description in SRS section for DFT-S-OFDM. Although sequence group hopping is enabled on a cell basis and disabled by UE specific, we propose UE specific enabled sequence group hopping in NR for simplicity. 
TP3: 
	
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 and is 2 and 3 for DMRS type 1 and type 2 respectively as given by the higher-layer parameter UL-DMRS-config-type. 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  .


The sequence group  and the sequence number  within the group depends on the hopping mode which is given by higher layer parameter Group-hopping-enabled-Transform-precoding and Sequence-hopping-enabled-Transform-precoding. 










The sequence-shift pattern  is given by , where  is configured by higher layers,  ,  if  is not configured by higher layer or if the PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, otherwise it is given by .  is if is given by  higher layer parameter nDMRS-CSH-Identity-Transform-precoding, is otherwise.
-	if neither group hopping, nor sequence hopping is used,


-	if group hopping but not sequence hopping is 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 is 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.



Section 6.4.1.1.2 and 6.4.1.1.3 
First, UE should map the sequence r(m) to physical resource elements based on DMRS ports instead of PUSCH ports. And then the description of the precoding section (originally 6.4.1.1.2) should be done following the section of Mapping to physical resources (originally 6.4.1.1.3) which is the correct order used in LTE spec.
Second, for slot based PUSCH mapping, the start symbol of front loaded DMRS should be the first symbol of PUSCH when PUSCH start symbol is beyond the first symbol of the slot as shown in the following agreements. 
Agreements in RAN1#91:
· 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
Third, FD-OCC should be included for sequence generation if DFT-S-OFDM is used. Any one of 8 ports can be used in this case.
Fourth, for non-slot based PUSCH mapping, only 2,4,7 symbols are supported.
Fifth, DMRS location in the case of PUSCH intra-slot frequency hopping should be added.
Text proposal 4: 
	[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 
Tthe following conditions are fulfilled if transform precoding is not enabled:
-	the resource elements are within the common resrouceresource blocks allocated for PUSCH transmission

[bookmark: _Hlk497489559][bookmark: _GoBack]Tthe reference point for  is subcarrier 0 in common resource block 0.
The following conditions are fulfilled if transform precoding is enabled:
-	the resource elements are within the resource blocks allocated for PUSCH transmission

-  the reference point for  is subcarrier 0 in PUSCH 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 PUSCH start symbol is configured from the first symbol of a slot, is 2 or 3 configured by the higher-layer parameter DL-DMRS-typeA-pos.  is defined relative to the start of the slot


Otherwise, =0 and  is defined relative to the start of the scheduled PUSCH resources.
-	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 duration of the PUSCH transmission in symbols according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 for PUSCH mapping type A,  Tables 6.4.1.1.3-5 for PUSCH mapping type B. When , Tthe case UL-DMRS-add-pos equal to 3 is not supportedonly supported when UL-DMRS-typeA-pos  is equal to 2 .


The time-domain index   and the supported antenna ports  are given by Table 6.4.1.1.2-56.In Tables 6.4.1.1.2-3 through 6.4.1.1.2-5:
-	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 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS for PUSCH mapping type A.
	 PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type AThe start PUSCH symbol is the symbol 0 of a slot
	PUSCH mapping type BThe start PUSCH symbol is beyond symbol 0 of a slot

	
	DUL-DMRS-add-pos
	DUL-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 for PUSCH mapping type A.
	[bookmark: _Hlk498007820]PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type AThe start PUSCH symbol is the symbol 0 of a slot
	PUSCH mapping type BThe start PUSCH symbol is beyond symbol 0 of a slot

	
	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
	0, 9
	
	

	14
	

	
, 10
	
	
	-
	-
	
	




Table 6.4.1.1.3-5: PUSCH DM-RS positions  for  PUSCH mapping type B.
	PUSCH duration in symbols
	
DM-RS positions 

	
	Single-symbol front loaded DMRS
	Double-symbol front loaded DMRS

	
	DL-DMRS-add-pos
	DL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	2
	0
	-
	
	
	0
	-
	
	

	4
	0
	-
	
	
	0
	-
	
	

	7
	0
	0,4
	
	
	0
	4
	
	




Table 6.4.1.1.2-56: 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



6.4.1.1.3 	Precoding
The vector of reference signals shall be precoded according to



where  is the number of antenna ports used for PUSCH transmission.



On antenna port index
In LTE, there is no explicit description on UL DMRS antenna port index, and the same antenna port indices are used for SRS and PUSCH antenna ports. Differently, NR introduces UL DMRS ports 1000 - 1011 but only supports maximum 4 PUSCH ports. If N PUSCH ports are scheduled which correspond to N DMRS ports, the nth PUSCH port index may not be equal to nth DMRS port index, e.g. 4 PUSCH ports may correspond to DMRS ports 1000,1001,1006,1007 for DMRS type 2.  If antenna port 1000 - 10003 are also used for those 4 PUSCH ports, we can get a confusing correspondence  i.e. AP(antenna port)1006(for DMRS) corresponds to AP 1002, AP1007(for DMRS) corresponds toAP1003.
In addition, for non-codebook based PUSCH transmission, each SRS resource with one antenna port corresponds to one PUSCH port or one DMRS port, and those resources within the SRS resource set may have the same SRS port index 1000 but corresponds to different PUSCH antenna ports or DMRS antenna ports (may not be 1000). In such case, PUSCH/DMRS antenna port index does not match with SRS antenna port index. 
In order to solve these issues, we propose to use separate antenna port indices for UL DMRS, SRS and PUSCH.
[bookmark: OLE_LINK5]Proposal 5: Different antenna port indices should be used for SRS, PUSCH and UL DMRS.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide several TPs on DMRS related issue to the current NR specifications. 
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Appendix 
Some minor changes or typos are included in this section
	[bookmark: _Toc501048176]5.1.6.2	DM-RS reception procedure in 38.214

When receiving PDSCH scheduled by PDCCH with CRC scrambled by SI-RNTI, RA-RNTI, P-RNTI and or TC-RNTI, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS, and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and in addition
-	For PDSCH with mapping type A, the UE shall assume dmrs-AdditionalPosition=2 and up to two additional DM-RS present in a slot as defined in Subclause 7.4.1.1 of [4, TS 38.211] if within the PDSCH allocation duration, and
-	For PDSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume one additional DM-RS present in the 5th symbol of the PDSCH allocation, and
-	For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that additional DM-RS are not present, and  
-	For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that additional DM-RS are not present.  
If a UE is configured with the higher-layer parameter dmrs-Type, the configured DM-RS configuration type is used for transmitting PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211], otherwise the UE shall use the single symbol DM-RS with DM-RS configuration type 1 for receiving PDSCH as defined in Table 7.4.1.1.2-1 from [4, TS 38.211].
A UE may be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher layer parameter DL-DMRS-max-len.
-	if DL-DMRS-max-len is equal to 1, single-symbol front-loaded DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0, 1, 2 or 3. 
-	if DL-DMRS-max-len equal to 2, both single-symbol front-loaded DM-RS and double- symbol front-loaded DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which can be 0 or 1.
For PDSCH with allocation duration of 2 or 4 symbols with mapping type B, only single symbol front-loaded DM-RS can be transmitted, otherwise, both single symbol and double symbol front-loaded DM-RS can be transmitted. 
For PDSCH with allocation duration of 2 or 4 symbols with mapping type B, the UE is not expected to receive additional DM-RS. 
For PDSCH with allocation duration of 7 symbols with mapping type B, one additional DM-RS can be transmitted. 
For PDSCH with mapping type A, up to 3 single symbols additional DM-RS or one double symbol additional DM-RS can be transmitted. 
A UE may assume that the DM-RS ports configured with higher layer parameter within the same DMRS port group [-dmrs-group1] or [dmrs-group2] are quasi co-located (as defined in Subclause 4.3.1 of [4, TS 38.211]) with respect to delay spread, Doppler spread, Doppler shift, average gain, average delay, and spatial RX parameters.


A UE can be configured with one or two scrambling identity(s), ,  by higher layers for UE-specific reference signal generation as defined in Subclause [7.4.1.1 of [4, TS 38.211]] to decode PDSCH. 
[A UE shall assume that DM-RS sequence for PDSCH scheduled by PDCCH with CRC scrambled by [SI-RNTI] is started from the lowest PRB of CORESET signalled in PBCH.
[bookmark: _Hlk500839563]A UE may be scheduled with a number of DM-RS ports by the antenna port index in DCI format 1_1 as described in Subclause 7.3.1.2 of [5, TS 38.212]. 
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.2.2-1 and Table 7.3.1.2.2-2 of Subclause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
If a UE receiving PDSCH is configured with the higher layer parameter DL-PTRS-present, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH.
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
The UE is not expected to simultaneously be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher layer parameter DL-DMRS-max-len equal to 2 and more than one additional DM-RS symbol as given by the higher layer parameter dmrs-AdditionalPosition. 
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