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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: OLE_LINK4]After previous meetings [1]-[4], most aspects of DMRS have be finished and have been captured in specifications. This contribution considers some remaining issues on DMRS and also provides our view on FFS issues to complete the specification and improve its quality. 	
Tables of DMRS locations for PDSCH/PUSCH
It has been discussed in last meeting that how to determine the DMRS locations for PDSCH/PUSCH. However, no clear agreement has been achieved. Considering the DMRS in time domain is defined relative to the start of the slot for mapping type A and relative to the start of the scheduled PDSCH/PUSCH resources for mapping type B, respectively, it is more straightforward and clear to determine the additional DMRS location by 
· the last OFDM used for PDSCH/PUSCH of the slot for mapping type A, and 
· the duration of the PDSCH/PUSCH transmission in symbols for mapping type B. 
Therefore, we have the following proposal and TP.
Proposal 1: Update the tables with the DMRS locations such that the additional DMRS location depends on 
· the last OFDM symbol used for PDSCH/PUSCH of the slot for mapping type A, and 
· the duration of the PDSCH/PUSCH transmission in symbols for mapping type B.

	[bookmark: _Toc500952685]Text proposal for Section 6.4.1.1.3 and 7.4.1.1.2 of 38.211
6.4.1.1.3	Mapping to physical resources

[bookmark: _GoBack]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 resrources for PUSCH mapping type B 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 DUL-DMRS-typeA-pos is equal to 2.
[bookmark: _Toc500952735]< Unchanged parts are omitted >
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. The case DL-DMRS-add-pos equal to 3 is only supported when DL-DMRS-typeA-pos is equal to 2. 
< Unchanged parts are omitted >



DMRS locations for PDSCH/PUSCH smaller or larger than the current specified durations
The issue that DMRS location for PDSCH/PUSCH smaller than the current specified durations has been discussed in previous meeting, where the following alternatives have been concluded:
· 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.
Among above 3 alternatives, we prefer Alt.1 since other alternatives will incur high complexity, especially for Alt.3. In our view, there is no need to support such dynamic cases since the PDSCH/PUSCH duration may not to be changed greatly in most scenarios, for example, for very high speed scenario with three one-symbol additional DMRS. Even considering the flexibility of scheduling, we should at least reuse the agreed DMRS locations as much as possible instead of introducing new DMRS locations which will incur more interpolation coefficients and increase complexity.   
Proposal 2: In NR, the UE does not expect to be signaled PDSCH/PUSCH’s symbols to be less than the minimum value which has been specified for a given number of semi-statically configured additional DMRS.
In previous meeting, some companies are considering that DMRS locations of agreed PUSCH mapping type B can be also supported for PDSCH mapping type B for larger than 7 symbols. However, as it has been agreed in the last meeting that PDSCH mapping type B only supports 2, 4, or 7 symbols, there is thus no need to support other cases. 
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.
Proposal 3: For PDSCH mapping type B, besides the agreed DMRS locations for 2/4/7 symbols, new locations for other PDSCH durations should not be introduced.
Moreover, since it has been agreed in the last meeting that PUSCH mapping type B can be [1] to 14 symbols, the DMRS locations of 14 symbols needs to be designed. Our preference is to reuse the agreed DMRS locations of PUSCH mapping type B with 13 symbols for the cases with 14 symbols in order to reduce the complexity. 
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.
Proposal 4: For PUSCH mapping type B with 14 symbols, reuse the DMRS locations that have been agreed for 13 symbols.
Based on Proposals 2 to 4, we have the following text proposal with
· For PUSCH mapping type B with single-symbol DMRS,  the DMRS locations for PUSCH duration less than 5 symbols have not been agreed and thus should be “-”.
· For PUSCH mapping type B with 14 symbols, support the agreed DMRS locations of 13 symbols.
	Text proposal for Section 6.4.1.1.3 of 38.211
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

	≤4
	

	-
	-
	-
	0
	-
	-
	-

	5
	

	-
	-
	-
	0
	0, 4
	-
	-

	6
	

	-
	-
	-
	0
	0, 4
	-
	-

	≤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, 9
	
	

	14
	
	, 10
	
	
	0-
	0, 9-
	
	








RE mapping of PUSCH with transform precoding
In the updated version of 38.211 (R1-1801291), there is a typo for the value  of the RE mapping sequence of DFT-S-OFDM in Section 6.4.1.1.3, where it should be  which has been approved in 38.211 v15.0.0. 
In specific, considering following Eq.(1) in the updated version of 38.211 (R1-1801291), it can be found that the DMRS subcarrier in frequency domain is  due to , which conflicts to the agreements that DFT-S-OFDM based PUSCH DMRS is comb-2. To capture the agreements correctly,  in Eq.(1) should be changed as .

                         (1)
Agreements: NR#2
· 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)
Proposal 5: For the DMRS RE mapping sequence of DFT-S-OFDM in Section 6.4.1.1.3 of 38.211,  should be changed to  .
	Text proposal for Section 6.4.1.1.3 of 38.211	
6.4.1.1.3	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 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  is subcarrier 0 of the lowest-numbered resource block of the scheduled PUSCH allocation.



Other issues
Issues on DMRS port indication 
In RAN1 #91 meeting, the essential entries of the PDSCH/PUSCH DMRS port tables for DMRS configuration type 1 and 2 have been agreed. But there is a FFS about whether some additional entries are needed to be included. 
[bookmark: OLE_LINK3]In our view, considering the scenario of scheduling 4 UEs with 3 ports per UE is a common case in MU-MIMO, supporting {7,9,11} for config-2 max with 2-symbol and 1-CW is necessary without modifying current port indication tables too much. 
Then, the main aim of {1,5}, {3,7} for config-1 is to support the case that UE is scheduled with DMRS ports orthogonalized by TD-OCC, which, however, can be already supported by agreed case {0,4} and {2,6}. Moreover, the case of 4 UEs are scheduled with 2 ports per UE could be also supported by agreed entries 20-23, i.e., {0,1},{2,3},{4,5},{6,7}, in table of Type 1 with max 2-symbol. Therefore, there is no need to support theses redundant cases. 
Regarding the entry of port 0 for SU-MIMO only, since this case is already supported by the case of port 0 with 1 CDM group without data in current port indication table, which can be used for both SU and MU based on gNB’s scheduling, there is no need to adding the special case. There is an agreement in RAN1#91 meeting that: 
Presence of co-scheduled downlink DMRS ports within the assigned downlink DMRS CDM group is not supported
So, in a CDM group the SU information should not be added. Therefore, we have the following proposal
Proposal 6: For port indication tables,
· For config-1, not support the cases of {1,5}, {3,7}, and {0} for SU-MIMO only,
· For config-2, support the case of {7,9,11} with 2-symbol and 1 CW.

UE-assisted additional DMRS configuration 
According to the current NR specification, a UE can be configured a number of additional DMRS for PDSCH or PUSCH by a higher layer parameter, where the specific number of additional DMRS is left to the gNB without UE’s assistance. It is, however, important to discuss and designate a means through which the UE can provide assisting information to the gNB since the UE has more accurate knowledge of the downlink channel, noise and interference and it is proper to determine parameters such as the front-loaded pattern and the number of additional DMRS for a UE based on feedback from the UE itself. Otherwise, configuration of the number of additional DMRS should be solely left to implementation, which may impose unnecessary complications to the implementation and may not yet provide satisfactory results.
In practice, the UE can estimate the channel and report information related to mobility such as the Doppler spread. Alternatively, the UE can request the number of additional DMRS directly based on its assessment of the channel quality, particularly the spread/coherence parameters. For example, a UE detecting a shorter coherence time than the time distance between DMRS locations can request to increase the number of additional DMRS or, in the opposite case, inform the gNB that the number of additional DMRS can be lowered. Based on the UE’s feedback, the gNB can then make a decision on exact configurations of DMRS pattern, time density, etc. for the UE.
Proposal 7: Support UE feedback to assist configuration of the number of additional DMRS in NR. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses the agreements that are missing or not captured incorrectly in current TS version, and some remaining issues that needs to be resolved. The following proposals are achieved. 
Proposal 1: Update the tables with the DMRS locations such that the additional DMRS location depends on 
· the last OFDM symbol used for PDSCH/PUSCH of the slot for mapping type A, and 
· the duration of the PDSCH/PUSCH transmission in symbols for mapping type B.
Proposal 2: In NR, the UE does not expect to be signaled PDSCH/PUSCH’s symbols to be less than the minimum value which has been specified for a given number of semi-statically configured additional DMRS.
Proposal 3: For PDSCH mapping type B, besides the agreed DMRS locations for 2/4/7 symbols, new locations for other PDSCH durations should not be introduced.
Proposal 4: For PUSCH mapping type B with 14 symbols, reuse the DMRS locations that have been agreed for 13 symbols.
Proposal 5: For the DMRS RE mapping sequence of DFT-S-OFDM in Section 6.4.1.1.3 of 38.211,  should be changed to  .
Proposal 6: For port indication tables,
· For config-1, not support the cases of {1,5}, {3,7}, and {0} for SU-MIMO only,
· For config-2, support the case of {7,9,11} with 2-symbol and 1 CW.
Proposal 7: Support UE feedback to assist configuration of the number of additional DMRS in NR. 
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