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Introduction
In the current 38.211 specification, it is necessary to define DM-RS locations for PDSCH/PUSCH smaller than the current specified durations. In this contribution, we discuss the three alternatives for this issue and propose one solution. In addition, regarding the formulas for mapping to physical resources, we propose the text proposals for the corrections of the formulas for the clarification. 
Discussion
· DMRS locations for PDSCH/PUSCH smaller than the current specified durations
In section 6.4.1.1.3 and 7.4.1.1.2 of TS 38.211, the position(s) of the DM-RS symbols is described as follows:
<Section 6.4.1.1.3>
	
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 UL-DMRS-typeA-pos is equal to 2.

Table 6.4.1.1.3-3: PUSCH DM-RS positions  for single-symbol DM-RS.
	[bookmark: _Hlk503444976] PUSCH duration in symbols
	
DM-RS positions 

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-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
	[0]
	[0, 10]
	[0, 5, 10]
	[0, 3, 6, 9]



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

	
	UL-DMRS-add-pos
	UL-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, 10]
	
	

	14
	

	
, 10
	
	
	[0]
	[0, 10]
	
	






<Section 7.4.1.1.2>
	
The position(s) of the DM-RS symbols is given by  and signaled duration between the first OFDM symbol of the slot and the last OFDM symbol scheduled PDSCH resources in the slot for PDSCH mapping type A, or the signaled duration of scheduled PDSCH resources for PDSCH mapping type B, according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. The case DL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos is equal to 2. 

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	PDSCH duration in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
	

	-
	-
	-
	

	
	
	

	7
	

	-
	-
	-
	

	

	
	

	8
	

	-
	-
	-
	

	
	
	

	9
	

	
,7
	-
	-
	

	
	
	

	10
	

	
,9
	
, 6, 9
	-
	

	
	
	

	11
	

	
,9
	
, 6, 9
	-
	

	
	
	

	12
	

	
9
	
, 6, 9
	
, 5, 8, 11
	

	
	
	

	13
	

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

	
	
	

	14
	

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

	
	
	



Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	PDSCH duration in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	0
	1
	2

	<8
	

	-
	
	

	
	

	8
	

	-
	
	

	
	

	9
	

	-
	
	

	
	

	10
	

	
, 8
	
	

	
	

	11
	

	
, 8
	
	

	
	

	12
	

	
, 8
	
	

	
	

	13
	

	
, 10
	
	

	
	

	14
	

	
, 10
	
	

	
	






From the above, the scheduling restriction due to semi-statically configured DL/UL-DMRS-add-pos is expected because the supported duration of PDSCH/PUSCH transmission is different according to DL/UL-DMRS-add-pos. For example, duration of PDSCH transmission less than 12 can’t be scheduled to the UE(s) configured with DL-DMRS-add-pos of 3.
In fact, this issue has been discussed in the last several meetings. However, there was no technical decision and we agreed on further discussion about the DMRS locations for PDSCH/PUSCH smaller than the current specified durations. To resolve the described issue, three alternatives were considered as following:
· Alt. 1: The UE does not expect to be scheduled to duration of PDSCH/PUSCH less than minimum supported value that is defined for semi-statically configured DL/UL-DMRS-add-pos.
· Alt. 2: If the UE has been configured with DL/UL-DMRS-add-pos=X, the UE can expect that the minimum PDSCH/PUSCH duration is the minimum supported PDSCH/PUSCH duration defined for DL/UL-DMRS-add-pos=X-1. If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos X, the number of DMRS for DL/UL-DMRS-add-pos=X-1 is transmitted on the specified location.
· Alt. 3: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.

Regarding Alt. 1 and Alt. 2, these can’t resolve scheduling restriction on the duration of PDSCH/PUSCH. Dynamic scheduling flexibility is one of the most important feature for NR system, so that higher scheduling flexibility should be supported. For example, in case of Alt. 1, PDSCH duration less than 10 OFDM symbols can’t be scheduled to UEs with the semi-statically configured DL-DMRS-add-pos = 2. In case of Alt. 2, even if DL-DMRS-add-pos is configured to 2, the minimum supported PDSCH duration is 9 for DL-DMRS-add-pos = 1. And, if PDSCH duration is scheduled to 9, the positions of the DM-RS symbols are given by  and 7. Even in the case of Alt. 2, however, PDSCH duration less than 9 OFDM symbols can’t be scheduled to the UEs.
On the other hand, Alt. 3 can provide higher scheduling flexibility and this does not have UE complexity issue. This is because it just reuses agreed patterns, and needs dynamic switching between that patterns based on data region. As examples of text proposal based on Alt. 3, table 6.4.1.1.3-3, 6.4.1.1.3-4, 7.4.1.1.2-3 and 7.4.1.1.2-4 for PUSCH/PDSCH DM-RS position can be revised as shown in below, which are highlighted in red.


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

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	

	

	

	0
	0, 4
	0, 4
	0, 4

	8
	

	

	

	

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

	9
	

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

	10
	

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

	11
	

	
, 9
	
, 6, 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
	[0]
	[0, 10]
	[0, 5, 10]
	[0, 3, 6, 9]



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

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	UL-DMRS-add-pos
	UL-DMRS-add-pos

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤7
	

	

	
	
	0
	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, 10]
	
	

	14
	

	
, 10
	
	
	[0]
	[0, 10]
	
	




Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	PDSCH duration in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	3
	0
	1
	2
	3

	≤6
	

	

	

	

	

	

	
	

	7
	

	

	

	

	

	

	
	

	8
	

	

	

	

	

	
	
	

	9
	

	
,7
	
, 7
	
, 7
	

	
	
	

	10
	

	
,9
	
, 6, 9
	
, 6, 9
	

	
	
	

	11
	

	
,9
	
, 6, 9
	
, 6, 9
	

	
	
	

	12
	

	
9
	
, 6, 9
	
, 5, 8, 11
	

	
	
	

	13
	

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

	
	
	

	14
	

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

	
	
	



Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	PDSCH duration in symbols
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	0
	1
	2

	<8
	

	

	
	

	
	

	8
	

	

	
	

	
	

	9
	

	

	
	

	
	

	10
	

	
, 8
	
	

	
	

	11
	

	
, 8
	
	

	
	

	12
	

	
, 8
	
	

	
	

	13
	

	
, 10
	
	

	
	

	14
	

	
, 10
	
	

	
	



One issue mentioned in the last email discussion [91-NR-12] is CQI mismatch due to the difference between actually transmitted DMRS pattern and semi-statically configured DMRS pattern. In our view, the reported CQI is just recommendation from an UE. So, it is up to gNB whether to schedule data region and DMRS pattern similar with one assumed in CQI calculation or different data region and DMRS pattern. gNB should be able to schedule different data region and DMRS pattern for higher scheduling flexibility. In that case, transport block size that has similar efficiency with the reported CQI can be calculated based on the scheduled data region and DMRS pattern. For the robust data transmission, gNB can use the MCS value that has relatively lower efficiency than the reported CQI.

Proposal #1: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.

· Mapping to physical resources
In section 6.4.1.1.3 and 7.4.1.1.2 of TS 38.211, the formulas for mapping to physical resources are presented as follows:
<Section 6.4.1.1.3>
	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 [image: ] 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









Regarding above section 6.4.1.1.3, in the formulas for mapping to physical resources, the range of index  and   should be described for the clarification. Then the frequency domain index  should be described based on the range of index  and , and the offset between the resource for transmitted DM-RS and reference point in the frequency domain should also be described in definition .
<Section 7.4.1.1.2>
	The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration 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 [TS38.213] and mapped to resource elements  according to




where , , [image: ], and [image: ] 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
The reference point for [image: ] 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 



Regarding above section 7.4.1.1.2, in the formula for mapping to physical resources, some corrections are needed for the same reason as section 6.4.1.1.3. The text proposals for the corrections of the formulas for mapping to physical resources in section 6.4.1.1.3 and 7.4.1.1.2 are as follows.


Proposal #2: Frequency domain index  and sequence index of  should be corrected as follows.
<Section 6.4.1.1.3>
	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 [image: ] to resource elements according to
-	if transform precoding is not enabled, 
[image: ]



	and  is frequency-domain index for a common resource block assigned for the corresponding PUSCH transmission and the reference point for [image: ] is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled
[image: ]


	and the reference point for [image: ] is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
where [image: ] and [image: ] 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



<Section 7.4.1.1.2>
	The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration type 2 as given by the higher-layer parameter DL-DMRS-config-type.
The UE shall assume the sequence [image: ] is scaled by a factor [image: ] to conform with the transmission power specified in [TS38.213] and mapped to resource elements [image: ] according to
[image: ]



where  is frequency-domain index for a common resource block assigned for the corresponding PDSCH transmission and [image: ], [image: ], [image: ], and [image: ] 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
The reference point for [image: ] 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 



Conclusion
In this contribution, we provide text proposals related to remaining issues on the PDSCH/PUSCH DMRS as follows.
Proposal #1: If the scheduled duration of PDSCH/PUSCH is less than the minimum supported value defined for semi-statically configured DL/UL-DMRS-add-pos, the maximum number of DMRS that can be supported for the scheduled duration of PDSCH/PUSCH is transmitted on the specified location.


Proposal #2: Frequency domain index  and sequence index of  should be corrected as follows.
<Section 6.4.1.1.3>
	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 [image: ] to resource elements according to
-	if transform precoding is not enabled, 
[image: ]



	and  is frequency-domain index for a common resource block assigned for the corresponding PUSCH transmission and the reference point for [image: ] is subcarrier 0 in common resource block 0.
-	if transform precoding is enabled
[image: ]


	and the reference point for [image: ] is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.
where [image: ] and [image: ] 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



<Section 7.4.1.1.2>
	The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or configuration type 2 as given by the higher-layer parameter DL-DMRS-config-type.
The UE shall assume the sequence [image: ] is scaled by a factor [image: ] to conform with the transmission power specified in [TS38.213] and mapped to resource elements [image: ] according to
[image: ]



where  is frequency-domain index for a common resource block assigned for the corresponding PDSCH transmission and [image: ], [image: ], [image: ], and [image: ] 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
The reference point for [image: ] 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 
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