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1. Introduction
This contribution provides a text proposal on specifications for DMRS design.
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)
· Front load DMRS is allocated to 1 or 2 OFDM symbols
· When 2 OFDM symbols are allocated, TD-OCC ({1 1} and {1 -1}) are supported for orthogonal DMRS port multiplexing.
· FFS the detailed applicability of 1 vs. 2 OFDM symbols
· FFS the location of the DMRS symbol(s)
2. Discussion
2.1 	Definition of DMRS ports


In section 6.4.1.1 of 38.211, the DMRS sequences and resources for different DMRS ports are defined. The DMRS ports are defined as the antenna ports after precoding via precoding matrix , which is equivalent to SRS antenna ports. However, DMRS ports should have the same number as data layers rather than SRS ports, and should be defined before precoding. Hence, a new port group {}should be introduced for DMRS ports.
2.2 	Resource mapping for different waveforms
For DFT-S-OFDM and CP-OFDM, only base sequence is different and all the configurations of type 1 DMRS for CP-OFDM should be reused for DFT-S-OFDM including the mapping to physical resource. The description for cyclic shift of DMRS for DFT-S-OFDM is lost in 38.211, so  should be added to the corresponding formula similar to CP-OFDM with  for ZC sequence.
2.3 	Signaling of DMRS ports
For fallback DCI format 0_0 and 1_0, only single layer transmission is supported. However, the DMRS antenna port used for data transmission scheduled by DCI format 0_0 and 1_0 is not defined. To improve the spectrum efficiency, UL/DL MU-MIMO can also be supported for UE scheduled by DCI format 0_0 and 1_0. In this case, DMRS antenna port indication should be included in DCI format 0_0 and 1_0 with only single layer transmission. For DCI format 0_0, part of the DMRS tables for DCI format 0_1 can be reused. But for DMRS format 1_0, some new table including only single layer indication should be added.
2.4 	Description of DMRS pattern
According to current agreements and RRC parameters, the following modifications to 38.214 are needed for DMRS:
· The high layer parameter DL-DMRS-max-len only applied to PUSCH with mapping type A and PUSCH with allocation duration of 7 symbols with mapping type B.The current description is unclear and redundant.
· Additional DMRS is supported for PUSCH with allocation duration of 7 symbols with mapping type B only when single symbol front-load DMRS is configured by DL-DMRS-max-len. The description should be consistent with section 6.4.1.1.3 of 38.211.
· DMRS sequence initialization should be added to DCI format 0_0 and 1_0, which can only be applied to CP-OFDM.
· Some editing error should be modified, e.g. the high layer parameter UL-DMRS-add-pos should be used instead of dmrs-AdditionalPosition to be consistent with other specifications. 
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[bookmark: _Toc501048197]/************************* Start of Text Proposal for 38.211 ************************/
[bookmark: _Toc500952681]6.4.1	Reference signals
[bookmark: _Toc500952682]6.4.1.1	Demodulation reference signal for PUSCH
[bookmark: _Toc500952683]6.4.1.1.1	Sequence generation

[bookmark: _Toc500952684]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 reference-signal sequence for DMRS port {} is given in section 6.4.1.1.3.
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
If transform precoding for PUSCH is not enabled, tThe 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. 
If transform precoding for PUSCH is enabled, the PUSCH DM-RS shall be mapped to physical resources according to type 1 below. 

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 resrouceresource 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

-	
-	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. 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 6.4.1.1.2-5.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 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1.
	

	CDM group
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	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


/************************* End of Text Proposal for 38.211************************/

/************************* Start of Text Proposal for 38.212 ************************/
[bookmark: _Toc500953344]7.3.1.1	DCI formats for scheduling of PUSCH 
[bookmark: _Toc500953345]7.3.1.1.1	Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_0:
-	Identifier for DCI formats – [1] bit

-	Frequency domain resource assignment –[] bits
-	Time domain resource assignment – X bits
-	Frequency hopping flag – 1 bit.
-	Modulation and coding scheme – [5] bits as defined in section x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – [2] bits as defined in section x.x of [6, TS38.214]
-	HARQ process number – [4] bits
-	Antenna ports – number of bits determined by the following
-	2 or 4 bits as defined by Tables 7.3.1.1.2-6/7, if msg3-tp=Enabled;
-	3 bits as defined by Tables 7.3.1.1.2-8, if msg3-tp =Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=1;
-	4 bits as defined by Tables 7.3.1.1.2-12, if msg3-tp =Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=2;
-	4 bits as defined by Tables 7.3.1.1.2-16, if msg3-tp =Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=1;
-	5 bits as defined by Tables 7.3.1.1.2-20, if msg3-tp =Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=2.
where the number of CDM groups without data of values 1, 2, and 3 in the above table refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
-	DMRS sequence initialization – 0 if the higher layer parameter msg3-tp =Enabled or 1 bit if msg3-tp -tp=Disabled.
-	TPC command for scheduled PUSCH – [2] bits as defined in section x.x of [5, TS38.213]
-	UL/SUL indicator –0 bit for UEs not configured with SUL in the cell; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1.
If the number of information bits in format 0_0 is less than the payload size of format 1_0 for scheduling the same serving cell, zeros shall be appended to format 0_0 until the payload size equals that of format 1_0.
Table 7.3.1.1.1-1: UL/SUL indicator
	Value of UL/SUL indicator
	Uplink

	0
	The non-supplementary uplink 

	1
	The supplementary uplink	



[bookmark: _Toc500953346]7.3.1.1.2	Format 0_1
/*************************** Unchanged parts omitted *****************************/
-	beta_offset indicator – 0 if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2 bits as defined by Table 7.3.1.1.2-27.
-	DMRS sequence initialization – 0 if transform precoding is enabled  the higher layer parameter PUSCH-tp=Disabled or 1 bit if transform precoding is disabledthe higher layer parameter PUSCH-tp=Enabled.
-	UL/SUL indicator – 0 bit for UEs not configured with SUL in the cell; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1.
/*************************** Unchanged parts omitted *****************************/
7.3.1.2	DCI formats for scheduling of PDSCH 
7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
The following information is transmitted by means of the DCI format 1_0:
-	Identifier for DCI formats – [1] bits

-	Frequency domain resource assignment – [] bits
-	Time domain resource assignment – X bits
-	VRB-to-PRB mapping – 1 bit
-	Modulation and coding scheme – [5] bits as defined in section x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – [2] bits as defined in section x.x of [6, TS38.214]
-	HARQ process number – [4] bits
-	Downlink assignment index – 2 bits as defined in section 9.1.3 of [5, TS38.213]
-	TPC command for scheduled PUCCH – [2] bits as defined in section x.x of [5, TS38.213]
-	Antenna port(s) – K bits as defined by Tables xxxx, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.
-	DMRS sequence initialization – 1 bit 
-	PUCCH resource indicator – [2] bits as defined in section x.x of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – [3] bits as defined in section x.x of [5, TS38.213] 
[bookmark: _Toc500953349]7.3.1.2.2	Format 1_1
/*************************** Unchanged parts omitted *****************************/
-	CBG flushing out information –0 or 1 bit as defined in section x.x of [6, TS38.214], determined by higher layer parameter codeBlockGroupFlushIndicator.
-	DMRS sequence initialization – 1 bit if transform precoding is enabled
/************************* End of Text Proposal for 38.212 *************************/

/************************* Start of Text Proposal for 38.214 *************************/
[bookmark: _Toc501048176]5.1.6.2	DM-RS reception procedure
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].
For PUSCH with mapping type A and PUSCH with allocation duration of 7 symbols with mapping type B, A 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 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 DL-DMRS-add-posdmrs-AdditionalPosition, which can be 0, 1, 2 or 3 for PUSCH with mapping type A and 0,1 for PUSCH with allocation duration of 7 symbols with mapping type B. 
-	if DL-DMRS-max-len equal to 2, both single-symbol DM-RS and double symbol 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 DL-DMRS-add-posdmrs-AdditionalPosition, which can be 0 or 1 for PUSCH with mapping type A and 0 for PUSCH with allocation duration of 7 symbols with mapping type B.
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,and 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 the same higher layer parameter [-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 CORSET 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.
[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.
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. 
/*************************** Unchanged parts omitted *****************************/
[bookmark: _Toc501048224]6.2.2	UE DM-RS transmission procedure
When transmitting PUSCH which are not scheduled by PDCCH with CRC scrambled by [Temporary C-RNTI], the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission, and
-	For PUSCH with mapping type A, the UE shall assume UL-DMRS-add-pos=2 and up to two additional DM-RS can be transmitted according to PUSCH duration, or 
-	For PUSCH with allocation duration of 7 symbols with mapping type B, the UE shall assume one additional DM-RS can be transmitted at the 5th symbol of the PDSCH duration, or 
-	For PUSCH with allocation duration of 2 or 4 symbols with mapping type B, the UE shall not transmit additional DM-RS.
If a UE is configured with DM-RS configuration type for PUSCH by higher-layer parameter dmrs-Type, the configured DM-RS configuration type is used for transmitting PUSCH as defined in Subclause 6.4.1.1 from [4, TS 38.211], otherwise the UE shall use the single-symbol DM-RS of configuration type 1 for transmitting PUSCH as defined in Table 6.4.1.1.2-1 from [4, TS 38.211].
If a UE is configured with a number of additional DM-RS for PUSCH by higher-layer parameter UL-DMRS-add-posdmrs-AdditionalPosition, multiple DM-RS symbols are transmitted in a slot as defined in Subclause 6.4.1.1 of [4, TS 38.211], otherwise single symbol DM-RS with two additional DM-RS are transmitted in a slot as defined in Subclause 6.4.1.1 of [4, TS 38.211].
For PUSCH with mapping type A and PUSCH with allocation duration of 7 symbols with mapping type B, A a UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter UL-DMRS-max-len.
-	if UL-DMRS-max-len is equal to 1, single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter UL-DMRS-add-posdmrs-AdditionalPosition, which can be 0, 1, 2 or 3 for PUSCH with mapping type A and 0,1 for PUSCH with allocation duration of 7 symbols with mapping type B. 
-	if UL-DMRS-max-len is equal to 2, both single-symbol DM-RS and double symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter UL-DMRS-add-posdmrs-AdditionalPosition, which can be 0 or 1 for PUSCH with mapping type A and 0 for PUSCH with allocation duration of 7 symbols with mapping type B.
For PUSCH 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 PUSCH with allocation duration of 2 or 4 symbols with mapping type B,and the UE shall not transmit additional DM-RS. 

For PUSCH with allocation duration of 7 symbols with mapping type B, one additional DM-RS can be transmitted. 
For PUSCH with mapping type A, up to 3 single symbol additional DM-RS or one double symbol additional DM-RS can be transmitted. 
/************************* End of Text Proposal for 38.214 *************************/
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