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1. Introduction
In previous RAN1 meeting, the following agreements were made with respect to DMRS [1][2]:

Agreements:

For the higher layer signaling related to DMRS:

· A UE may be configured with a number of additional DMRS  which may be different for slot-based and non-slot-based transmission/scheduling and may be different for DL and UL.

· A UE, in DL or UL, may be configured with the same or different DMRS configuration type for slot-based and non-slot-based transmission/scheduling

· It will be further discussed in RAN1#91 if and when a UE expects to be configured with the same DMRS configuration type for slot-based  and non-slot-based transmission/scheduling (e.g., scenarios with concurrent slot/non-slot-based). 

· It will be further discussed in RAN1#91 if configuration type is fixed to be type 2 in case of 2 or 4 symbols non-slot-based transmission/scheduling. 

Agreements:

For PDSCH:

· 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.

Agreements:

For PUSCH

· 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 provide our views on remaining issues of DMRS.

2. Discussion

2.1. DMRS configuration and location
In RAN1 90bis meeting, it was agreed PDSCH/PUSCH mapping type B may be configured different additional DMRS numbers and DMRS configuration type with respect to PDSCH/PUSCH mapping type A. However, it seems above description is not captured in current specification. This may decrease DMRS performance in PDSCH/PUSCH mapping type B case. For URLLC service, to enhance transmission reliability and efficiency in PDSCH/PUSCH mapping type B, different DMRS configuration may be required.

Proposal 1:
· For PDSCH mapping type B, a UE may be configured with a set of DMRS related higher parameter which is different form PDSCH mapping type A, at least including dmrs-Type and dmrs-AdditionalPosition.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
5.1.6.2
DM-RS reception procedure
…the UE may be configured with the higher-layer parameter dmrs-Type which may be different between PDSCH mapping type A and type B, and the configured DM-RS configuration type is used for receiving PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211].
…
…and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which may be different between PDSCH mapping type A and type B,...
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 2:
· For PUSCH mapping type B, a UE may be configured with a set of DMRS related higher parameter which is different form PUSCH mapping type A, at least including dmrs-Type and dmrs-AdditionalPosition.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
6.2.2 UE DM-RS transmission procedure
…the UE may be configured with higher parameter dmrs-Type which may be different between PUSCH mapping type A and type B, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Subclause 6.4.1.1 of [4, TS 38.211].
…
…the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter dmrs-AdditionalPosition, which may be different between PUSCH mapping type A and type B, …
--------------------------------------------------------End text proposal----------------------------------------------------------
In last RAN1 meeting, for PDSCH/PUSCH mapping type A, it was agreed the length of PDSCH/PUSCH duration is at least X/Y symbols respectively. As front-loaded DMRS can be located at the 3rd or 4th symbol, to prevent unexpected cases happening, the duration of PDSCH/PUSCH mapping type A should be at least 4 symbols. Additionally, if the duration of PDSCH/PUSCH mapping type A is 4 symbols and maximum DMRS length is equal to 2, the UE is not expected to be configured front-loaded DMRS with starting position at the 4th symbol, which means front-loaded DMRS will go beyond PDSCH/PUSCH duration. 
For PUSCH mapping type B, it was agreed length of PUSCH can be 2 to 14 symbols and 1 symbol is working assumption. However, for PDSCH mapping type B, only 2/4/7 symbols is supported. From the perspective of implementation, it seems there is no reasons only restrict PDSCH scheduling duration, which will restrict scheduling and transmission flexibility. To satisfy various types of service in future and improve system efficiency, more flexible scheduling duration for PDSCH mapping type B also should be supported.
For PDSCH/PUSCH mapping type B, it was agreed only single-symbol DMRS is supported for 2/4-symbols. Considering DMRS consumption, we suggest only PDSCH/PUSCH duration larger than 4 symbols is supported if double-symbol DMRS is configured.
Based on the agreements in last RAN1 meeting and above discussion, PDSCH/PUSCH DMRS location for different DMRS symbols should be additionally discussed. For PDSCH mapping type B, reuse DMRS location for PUSCH mapping type A can be a starting point.
Proposal 3:
· For PDSCH mapping type A, the length of duration is at least 4 symbols. 
· For PDSCH mapping type B, in additional to 2/4/7 symbols, DMRS positions for other durations are supported.

-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.211 v15.0.0
7.4.1.1.2
 Mapping to physical resources
Table 7.4.1.1.2-3: PDSCH DM-RS positions 
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Table 7.4.1.1.2-4: PDSCH DM-RS positions 
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	PDSCH duration
 in symbols
	DM-RS positions [image: image29.png]




	
	PDSCH mapping type A
	PDSCH mapping type B

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

	
	0
	1
	2
	3
	0
	1
	2
	3

	1
	-
	-
	-
	-
	-
	-
	-
	-

	2
	-
	-
	-
	-
	-
	-
	-
	-

	3
	-
	-
	-
	-
	-
	-
	-
	-

	4
	[image: image30.png]



	-
	-
	-
	-
	-
	-
	-

	5
	[image: image31.png]



	-
	-
	-
	0
	-
	-
	-

	6
	[image: image32.png]



	-
	-
	-
	0
	-
	-
	-

	7
	[image: image33.png]



	-
	-
	-
	0
	-
	-
	-

	8
	[image: image34.png]



	-
	-
	-
	0
	0,5
	-
	-

	9
	[image: image35.png]



	-
	-
	-
	0
	0,5
	-
	-

	10
	[image: image36.png]



	[image: image37.png]


, 8
	-
	-
	0
	0,7
	-
	-

	11
	[image: image38.png]



	[image: image39.png]


, 8
	-
	-
	0
	0,7
	-
	-

	12
	[image: image40.png]



	[image: image41.png]


, 8
	-
	-
	0
	0,9
	-
	-

	13
	[image: image42.png]



	[image: image43.png]


, 10
	-
	-
	0
	0,9
	-
	-

	14
	[image: image44.png]



	[image: image45.png]


, 10
	-
	-
	0
	0,10
	-
	-


--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 4:
· For PUSCH mapping type A, the length of duration is at least 4 symbols. 
· For PUSCH mapping type B, in additional to 7-13 symbols, DMRS positions for other durations should be defined.

-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.211 v15.0.0

6.4.1.1.3
 Mapping to physical resources
Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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Table 6.4.1.1.3-4: PUSCH DM-RS positions 
[image: image73.wmf]l

 for double-symbol DM-RS.

	PUSCH duration
 in symbols
	DM-RS positions [image: image74.png]




	
	PUSCH mapping type A
	PUSCH mapping type B

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

	
	0
	1
	2
	3
	0
	1
	2
	3

	1
	-
	-
	-
	-
	-
	-
	-
	-

	2
	-
	-
	-
	-
	-
	-
	-
	-

	3
	-
	-
	-
	-
	-
	-
	-
	-

	4
	[image: image75.png]



	-
	-
	-
	-
	-
	-
	-

	5
	[image: image76.png]



	-
	-
	-
	0
	-
	-
	-

	6
	[image: image77.png]



	-
	-
	-
	0
	-
	-
	-

	7
	[image: image78.png]



	-
	-
	-
	0
	-
	-
	-

	8
	[image: image79.png]



	-
	-
	-
	0
	0, 5
	-
	-

	9
	[image: image80.png]



	-
	-
	-
	0
	0, 5
	-
	-

	10
	[image: image81.png]



	[image: image82.png]


, 8
	-
	-
	0
	0, 7
	-
	-

	11
	[image: image83.png]



	[image: image84.png]


, 8
	-
	-
	0
	0, 7
	-
	-

	12
	[image: image85.png]



	[image: image86.png]


, 8
	-
	-
	0
	0, 9
	-
	-

	13
	[image: image87.png]



	[image: image88.png]


, 10
	-
	-
	0
	0, 9
	-
	-

	14
	[image: image89.png]



	[image: image90.png]


, 10
	-
	-
	0
	0, 10
	-
	-


--------------------------------------------------------End text proposal----------------------------------------------------------
2.2. DMRS location less than current specified durations
As the number of additional DMRS is configured by higher layer, while PDSCH/PUSCH duration is dynamically indicated by DCI, issues may occur when these two aspects are mismatching. Potential solutions are as following:
· Alt.1: The UE does not expect to be scheduled a duration of PDSCH/PUSCH less than minimum supported value specified for the 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.
If Alt.1 is supported, PDSCH/PUSCH scheduling symbol length may be restricted by additional DMRS number configuration. If Alt.2 or Alt.3 is supported, it may reduce DMRS performance. For eMBB service, all these solutions may be sufficient. However, for URLLC service, all these solutions may lead to performance loss. The best solution is configuring DMRS location for all PDSCH/PUSCH durations and mapping type A/B respectively, including the case of mismatching between additional DMRS number and PDSCH/PUSCH duration. 
Proposal 5:
· For each DL/UL-DMRS-add-pos, pre-configure/pre-define DMRS positions for each PDSCH/PUSCH duration and each mapping type is supported.
2.3. Layer to port mapping
In LTE, 2 codewords can be mapped to 2-8 layers. The 1st codeword is mapped to the front floor(layers/2) layers and the 2nd codeword is mapped is mapped to the last ceil(layers/2) layers. However, in NR, 2 codewords only can be mapped to 5-8 layers. Codewords to layer mapping mechanism is similar to LTE. For single-TRP/single-panel scenario, each layer can be mapped to each antenna port in the order of DMRS port indication. However, for multi-TRP/multi-panel scenario, if multi-TRP/multi-panel is not quasi co-located, different codeword may be transmitted by different TRP/panel to simplify detection complexity. More flexible codewords to layers mapping and layers to DMRS ports mapping mechanism should be further studied.
Proposal 6:
· For layer to port mapping, each layer is mapped to each antenna port in increasing order of layer index and increasing order of DMRS port index.
2.4. DMRS for PUSCH

From the perspective of UE implementation, a few of changes are needed to make specification more clear for PUSCH DMRS sequence generation, precoding and mapping.
To satisfy various serveice requirement in NR, both ECP and NCP are supported. For ECP with 60kHz subcarrier case, 
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symb

N

=12, which is different to NCP case. Consequently, for DFT-s-OFDM group and sequence hopping, both ECP and NCP should be considered.

Proposal 7:
· For PUSCH DMRS, a few of changes are needed to make specification more clear.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.211 v15.0.0
6.4.1.1.1
 Sequence generation
The reference signal sequence 
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…
6.4.1.1.1.2 Sequence generation when transform precoding is enabled

-
if group hopping but not sequence hopping shall be used 
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-
if sequence hopping but not group hopping shall be used
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6.4.1.1.2  Precoding

The reference-signal sequence 
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6.4.1.1.3
 Mapping to physical resources
The UE shall map the sequence 
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to resource elements according to

-
if transform precoding is not enabled, 
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-
if transform precoding is enabled
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--------------------------------------------------------End text proposal----------------------------------------------------------
3. Conclusion

In this contribution, remaining issues on DMRS are mainly discussed with the following proposals and text proposals:

Proposal 1:
· For PDSCH mapping type B, a UE may be configured with a set of DMRS related higher parameter which is different form PDSCH mapping type A, at least including dmrs-Type and dmrs-AdditionalPosition.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
5.1.6.2
DM-RS reception procedure
…the UE may be configured with the higher-layer parameter dmrs-Type which may be different between PDSCH mapping type A and type B, and the configured DM-RS configuration type is used for receiving PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211].
…
…and the UE can be configured with a number of additional DM-RS for PDSCH by higher-layer parameter dmrs-AdditionalPosition, which may be different between PDSCH mapping type A and type B,...
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 2:
· For PUSCH mapping type B, a UE may be configured with a set of DMRS related higher parameter which is different form PUSCH mapping type A, at least including dmrs-Type and dmrs-AdditionalPosition.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.214 v15.0.0
6.2.2 UE DM-RS transmission procedure
…the UE may be configured with higher parameter dmrs-Type which may be different between PUSCH mapping type A and type B, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Subclause 6.4.1.1 of [4, TS 38.211].
…
…the UE can be configured with a number of additional DM-RS for PUSCH by higher-layer parameter dmrs-AdditionalPosition, which may be different between PUSCH mapping type A and type B, …
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 3:
· For PDSCH mapping type A, the length of duration is at least 4 symbols. 
· For PDSCH mapping type B, in additional to 2/4/7 symbols, DMRS positions for other durations are supported.

-------------------------------------------------------Start text proposal-----------------------------------------------------------
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7.4.1.1.2
 Mapping to physical resources
Table 7.4.1.1.2-3: PDSCH DM-RS positions 
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 for single-symbol DM-RS.
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Table 7.4.1.1.2-4: PDSCH DM-RS positions 
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 for double-symbol DM-RS.
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--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 4:
· For PUSCH mapping type A, the length of duration is at least 4 symbols. 
· For PUSCH mapping type B, in additional to 7-13 symbols, DMRS positions for other durations should be defined.

-------------------------------------------------------Start text proposal-----------------------------------------------------------
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6.4.1.1.3
 Mapping to physical resources
Table 6.4.1.1.3-3: PUSCH DM-RS positions 
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 for single-symbol DM-RS.
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Table 6.4.1.1.3-4: PUSCH DM-RS positions 
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 for double-symbol DM-RS.

	PUSCH duration
 in symbols
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--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 5:
· For each DL/UL-DMRS-add-pos, pre-configure/pre-define DMRS positions for each PDSCH/PUSCH duration and each mapping type is supported.
Proposal 6:
· For layer to port mapping, each layer is mapped to each antenna port in increasing order of layer index and increasing order of DMRS port index.
Proposal 7:
· For PUSCH DMRS, a few of changes are needed to make specification more clear.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
38.211 v15.0.0
6.4.1.1.1
 Sequence generation
The reference signal sequence 
[image: image198.wmf])
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…
6.4.1.1.1.2 Sequence generation when transform precoding is enabled

-
if group hopping but not sequence hopping shall be used 
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…
-
if sequence hopping but not group hopping shall be used
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6.4.1.1.2  Precoding

The reference-signal sequence 
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6.4.1.1.3
 Mapping to physical resources
The UE shall map the sequence 
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to resource elements according to

-
if transform precoding is not enabled, 
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…
-
if transform precoding is enabled
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--------------------------------------------------------End text proposal----------------------------------------------------------
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