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1 Introduction
In email discussion of [1], the issue on DMRS location for PDSCH/PUSCH smaller than the current specified duration was discussed but common consensus was not achieved to solve this. Therefore the following agreement was made in RAN1#91 meeting [2] as:
· Discuss further after the Rel-15 Dec. specifications the DMRS locations for PDSCH/PUSCH smaller than the current specified durations.
In RAN1 AH 1801 meeting [3], the following agreement was made for PDSCH as:
· Supported combinations for PDSCH mapping type A:
· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.
· Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed 
· FFS the value of X
· Supported combinations for PDSCH mapping type B:
· Length of the PDSCH can be 2, 4, or 7 symbols.
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
In addition, the following agreement was achieved in [3] for PUSCH as
· PUSCH mapping type A:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols
· FFS the value of Y
· PUSCH mapping type B (All 105 combinations)
· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.
In this contribution, we discuss on the remaining issues on DMRS location including issue above and propose solutions to resolve the issues.
2 DMRS location
The issue on DMRS location for PDSCH/PUSCH transmission with smaller duration than the currently specified duration was raised in RAN1#91 meeting [2]. There are two main issues for this case. First of all, DMRS location for PDSCH/PUSCH was agreed based on the indicated PDSCH/PUSCH duration via SFI (slot format indicator). However, NR supports flexible scheduling and actually scheduled PDSCH/PUSCH duration can be smaller than the duration indicated by SFI. Currently, TS 38.211 V15.0.0 [4] provides a modification for clarification on the meaning of PDSCH duration in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 [4] as:

	

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

-	 

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 used for PDSCH 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.
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Table 7.4.1.1.2-4: PDSCH DM-RS positions  for double-symbol DM-RS.
	PDSCH duration in symbolsDuration of PDSCH transmission
	
DM-RS positions 

	
	PDSCH mapping type A
	PDSCH mapping type B
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For PDSCH mapping type A, when the signalled duration is less than the duration defined for semi-statically configured DL-DMRS-add-pos in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4, there can be DMRS symbol(s) outside of PDSCH scheduled region. Therefore, we need to clarify when there is a mismatch on DMRS location between semi-statically configured DL-DMRS-add-pos and dynamically scheduled PDSCH duration. The same issue also exists in DMRS for PUSCH. The following alternatives were discussed in [1] as:
· Alt-1: The UE does not expect to be scheduled a duration of PDSCH/PUSCH less than minimum supported value specified for the higher layer parameters for the number of additional DMRS.
· 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 specified for the semi-statically configured DL-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.
In case of Alt-1, there will be a scheduling restriction. Specifically, gNB cannot schedule shorter duration of PDSCH/PUSCH if the number of semi-statically configured DL-DMRS-add-pos is larger. In addition, Alt-2 cannot resolve the issue when signalled duration is less than the minimum supported value specified for the semi-statically configured DL-DMRS-add-pos X-1. On the other hand, in Alt-3, dynamically scheduled PDSCH or PUSCH duration takes priority over semi-statically configured DL-DMRS-add-pos or UL-DMRS-add-pos. In other word, if dynamically signalled duration for DL/UL data transmission is less than the semi-statically configured duration for additional DMRS, UE does not expect to receive or transmit DMRS symbol beyond the scheduled PDSCH or PUSCH duration. Since  currently agreed DMRS locations were decided to guarantee channel estimation performance considering PDSCH/PUSCH duration in symbols, we can solve the issue without any scheduling restrictions with Alt-3. Moreover, further extension of PDSCH/PUSCH duration (e.g. 3, 5, or 6 symbols) can be well handled with this approach. In this regard, we propose:
Proposal 1: When there is a mismatch on DMRS location between semi-statically configured DL-DMRS-add-pos and dynamically scheduled PDSCH duration, we propose:
· For PUSCH mapping type A, if the signalled duration is less than the duration defined for semi-statically configured UL-DMRS-add-pos, UE does not expect to transmit DM-RS symbols beyond the signalled duration.
· For PDSCH mapping type A, if the signalled duration is less than the duration defined for semi-statically configured DL-DMRS-add-pos, UE does not expect to receive DM-RS symbols beyond the signalled duration.
The following table provides the corresponding text proposal for Proposal 1:
	Text proposal for Proposal 1:
In TS 38.211 [4], Section 6.4.1.1.3 Mapping to physical 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 resrouces 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, if the signalled duration is less than the duration defined for semi-statically configured UL-DMRS-add-pos, UE does not expect to transmit DM-RS symbols beyond the signalled duration. The case UL-DMRS-add-pos equal to 3 is only supported when UL-DMRS-typeA-pos is equal to 2. 
…
In TS 38.211 [4], Section 7.4.1.1.2 Mapping to physical resources
…

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. For PDSCH mapping type A, if the signalled duration is less than the duration defined for semi-statically configured DL-DMRS-add-pos, UE does not expect to receive DM-RS symbols beyond the signalled duration. The case DL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos is equal to 2. 
…  


In addition, for PDSCH mapping type B, DMRS design was discussed only for 2, 4, and 7 symbol non-slot based scheduling. At first, the PDSCH mapping type A was for slot based scheduling while the PDSCH mapping type B was for non-slot based scheduling. However, now the difference between PDSCH mapping type A and B can be understood just for difference of front-loaded DMRS location, not for slot and non-slot based scheduling. Therefore, we need to design DMRS location of PDSCH mapping type B for which PDSCH scheduling is larger than 7 symbols. For this purpose, we can reuse already agreed DMRS locations for PUSCH mapping type B without redesign for DMRS location of PDSCH mapping type B for which PDSCH scheduling is larger than 7 symbols. Therefore, we propose:
Proposal 2: 
· For the DMRS location of PDSCH mapping type B for larger than 7 symbol scheduling, reuse DMRS locations for PUSCH mapping type B.
The following table provides the corresponding text proposal for Proposal 2:
	Text proposal for Proposal 2:
In TS 38.211 [4], Section 7.4.1.1.2 Mapping to physical resources
…

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	PDSCH duration in symbols
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	PDSCH mapping type A
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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
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Furthermore, TS 38.211 V15.0.0 [4] provides a modification for typo errors on the number of additional DMRS in Tables 6.4.1.1.2-3 and 6.4.1.1.2-4 [4]. In addition, we made an agreement in RAN1 AH 1801 meeting [3] that the length of the PUSCH can be 2 through 14 symbols. Therefore, DMRS location for PUSCH duration with 14 symbols was captured with bracket as:
	
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

	
	DLUL-DMRS-add-pos
	DLUL-DMRS-add-pos
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Table 6.4.1.1.3-4: PUSCH DM-RS positions  for double-symbol DM-RS.
	[bookmark: _Hlk498007820]PUSCH duration in symbols
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Since we do not prefer to introduce new DMRS positions for PUSCH duration with 14 symbols, we propose to reuse DMRS position for PUSCH duration with 13 symbols. With this approach, possible DMRS positions can be minimized and we expect that performance difference compared to new additional DMRS position is very marginal. Furthermore, we propose to replace all zero values in PUSCH scheduling type B into because we have already defined the reference point  and the position of the first DMRS symbol. In this aspect, we propose:
Proposal 3: For DMRS position for PUSCH mapping type B, we propose:
· For Table 6.4.1.1.3-3, same DMRS positions for PUSCH duration with 13 symbols are reused for DMRS position for PUSCH duration with 14 symbols.
· For Table 6.4.1.1.3-4, same DMRS positions for PUSCH duration with 12 and 13 symbols are reused for DMRS position for PUSCH duration with 14 symbols.
· 
Replace all zero values in PUSCH scheduling type B into. 
The following table provides the corresponding text proposal for Proposal 2:
	Text proposal for Proposal 3:
In TS 38.211 [4], Section 6.4.1.1.3 Mapping to physical resources
…

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
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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
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3 Conclusions
This contribution discusses on issues of DMRS location and proposes the followings depending on the discussion:
Proposal 1: When there is a mismatch on DMRS location between semi-statically configured DL-DMRS-add-pos and dynamically scheduled PDSCH duration, we propose:
· For PUSCH mapping type A, if the signalled duration is less than the duration defined for semi-statically configured UL-DMRS-add-pos, UE does not expect to transmit DM-RS symbols beyond the signalled duration.
· For PDSCH mapping type A, if the signalled duration is less than the duration defined for semi-statically configured DL-DMRS-add-pos, UE does not expect to receive DM-RS symbols beyond the signalled duration.
Proposal 2: 
· For the DMRS location of PDSCH mapping type B for larger than 7 symbol scheduling, reuse DMRS locations for PUSCH mapping type B.
Proposal 3: For DMRS position for PUSCH mapping type B, we propose:
· For Table 6.4.1.1.3-3, same DMRS positions for PUSCH duration with 13 symbols are reused for DMRS position for PUSCH duration with 14 symbols.
· For Table 6.4.1.1.3-4, same DMRS positions for PUSCH duration with 12 and 13 symbols are reused for DMRS position for PUSCH duration with 14 symbols.
· 
Replace all zero values in PUSCH scheduling type B into. 
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