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1. Introduction
In RAN1 90# and 90bis# meeting, the following agreements were made with respect to DMRS design [1]:

Agreements:

· For broadcast/multicast PDSCH:

· Additional DMRS is always present (Alt. 1)

· FFS: location and number of additional DMRS

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. 
· A UE may be configured with configuration type which may be different for DL and UL.

· A UE  in DL may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PDSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 

· It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.
· A UE  in UL CP-OFDM may be configured with UE-specific scrambling ID(s) which will be used for PN sequence initialization of PUSCH’s DMRS which is the same for both slot-based and non-slot-based transmission/scheduling. 

· It will be further discussed in RAN1#91 whether one or multiple scrambling ID(s) may be configured.

· A UE for the PUSCH’s DMRS for DFT-S-OFDM may be configured with a UE-specific parameter (UL-DMRS-Identity-Transform-precoding) used for sequence initialization which is the same for both slot-based and non-slot-based transmission/scheduling.

· At least for slot-based transmission/scheduling, a UE may be configured with the maximum number of front-load DMRS symbol which may be different for DL and UL. 

· It will be further discussed in RAN1#91 whether the above applies also for non-slot-based transmission/scheduling. 

· When a UE is configured with a maximum number of 1 symbol for front-load DMRS (DL-DMRS-max-len=1), the UE may be configured with DL-DMRS-add-pos={0,1,2,3}. When UE is configured with a maximum number of 2 symbols front-load DMRS (DL-DMRS-max-len=2), the UE may be configured with DL-DMRS-add-pos. 

· It will be further discussed in RAN1#91 the allowable number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS.

· Keep the “dmrs-group” RRC parameters as placeholder until discussions on how to specify the RRC signaling and configuration of DMRS groups are concluded.

· It will be further discussed in RAN1#91 whether a new RRC parameter is needed to be introduced which enables DMRS port table restriction or subset selection for both DL and UL.

· It will be further discussed in RAN1#91, the relation between PDSCH (or PUSCH) mapping type, associated DMRS parameters, PDSCH (or PUSCH) starting symbol and PDSCH (or PUSCH) duration, any signaling (if needed)  for configuration (if needed) of slot-based and non-slot-based.

Agreement:

For the location of the first position of front-load DMRS for PUSCH without frequency hopping, support at least the following:

· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 

· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.

· The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS 

· At least same location for UL and DL is supported

· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.

· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc.

· FFS: Further restrictions (if any) of FDMing DMRS and PUSCH due to UE processing timeline

Agreement:

For DMRS for DFT-s-OFDM PUSCH with a hop, support first DMRS of the 1st hop to be located on the

· The first OFDM symbol with respect to the scheduled data contains the first symbol of front-load UL DMRS 

· Study further when this is applied; E.g., in case of a mixed DL/UL slot from network perspective, or for PUSCH starting from the Xth symbol with X>1, etc.

· FFS: The 3rd or 4th symbol of the slot contains the first symbol of front-load DMRS for the 1st hop

· At least same location for UL and DL is supported

· Study further whether the first position of front-load DMRS for PUSCH can be different than the first position of front-load DMRS for PDSCH.

· Study further when this is applied. E.g., in case of a UL only slot from network perspective, or for PUSCH starting the 1st symbol, etc

· FFS: another case for the location first DMRS of the 1st hop in cases of collision with reserved resources on the uplink.

This contribution is revised from R1-1717477. In this contribution, we provide our views on remaining details on DMRS design.

2. Discussion

2.1. DMRS design for broadcast/multicast PDSCH

For broadcast/multicast PDSCH and unicast PDSCH before RRC connection, it was agreed only DMRS configuration type 1 is supported and the maximum DMRS port number is 1. It was also agreed the actual location of front-loaded DMRS can be configured by PBCH. However, front-loaded DMRS symbols and the number of additional DMRS have not been determined yet. 

Since only 1 antenna port, low MCS and various mobility scenarios should be supported for broadcast/multicast PDSCH and unicast PDSCH before RRC connection, it seem there is no need to additionally support 2-symbol front-loaded DMRS. Especially in high speed scenario, 2 adjacent front-loaded DMRS symbol can not bring remarkable performance gain.

Proposal 1:

· For broadcast/multicast PDSCH and unicast PDSCH before RRC connection, 1-symbol front-loaded DMRS is supported.

For additional DMRS for broadcast/multicast PDSCH and unicast PDSCH before RRC connection, if the number of additional DMRS was fixed to 1, it would lead to performance loss in high speed scenario; if the number of additional DMRS was fixed to 3, it would increase the overhead of DMRS. Consequently, the number of additional DMRS is fixed to 2 seems a good trade-off approach. However, we cannot assume a single solution can apply to any cases. Another approach is the number of additional DMRS symbol can be configured by RMSI, and DMRS is fixed to 2 for PDSCH with RMSI.

Proposal 2:

· For broadcast/multicast PDSCH and unicast PDSCH before RRC connection, the following alternatives should be down-selection in RAN1 91# meeting,

· Alt1: The number of additional DMRS is fixed to 2.

· Alt2: The number of additional DMRS is configured by RMSI, and DMRS is fixed to 2 for PDSCH with RMSI.

According to above discussion, examples of DMRS pattern for broadcast/multicast PDSCH and unicast PDSCH before RRC connection is depicted in figure 1.
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Figure 1: Examples of DMRS pattern for broadcast/multicast PDSCH and unicast PDSCH before RRC connection
2.2. DL DMRS design for slot based scheduling

For slot based scheduling, the location of front-loaded DMRS and additional DMRS were agreed in previous meetings. However, there are still some key issues, such as mismatching between DMRS configuration and actual scheduled symbols, DMRS port(s) to layer(s) mapping, and etc.

2.2.1. Mismatching between DMRS configuration and scheduled symbols
Based on previous RAN1 meeting agreements, the location of additional DMRS can be summarized in table 1.

Table 1: Additional DMRS location

	Additional DMRS position
	1-symbol DMRS
	
	2-symbol DMRS

	
	1
	2
	3
	1

	1
	7
	6,9
	5,8,11
	{8,9}

	2
	9
	7,11
	-
	{10,11}

	3
	11
	-
	-
	-


As actual PDSCH transmission symbols can be dynamically configured by scheduling, and the location of additional DMRS can be configured by higher layer based on different application cases, perhaps mismatching may occur between additional DMRS configuration and actual scheduled PDSCH symbols. In the case of those symbols which are not scheduled for PDCCH/DMRS/PDSCH transmission were collided with partial or full additional DMRS symbol(s), the collision additional DMRS would be dropped, while other additional DMRS would remain the same.

Proposal 3:

· If the location of additional DMRS was later than the last symbol of scheduling PDSCH/DMRS, the later additional DMRS would be dropped.

2.2.2. DMRS port to layer mapping
It was agreed both DMRS configration type 1 and configuration type 2 are supported in NR, different number of antenna ports are supported for different configuration. Both 1-symbol and 2-symbol DMRS can be configured for different DMRS configurations. SU-MIMO/MU-MIMO and single-TRP/multi-TRP transmission also should be considered for DMRS ports to layer mapping for forward compatible. Considering all above aspects and previous agreements in RAN1 meeting, it is more complicated for DMRS ports to layer mapping than LTE system. 

For DMRS port to layer mapping, due to different DMRS ports number are supported for different DMRS configuration types and symbols,  one approach is separate DMRS port to layer mapping for different configuration types and symbols. While another approach is only defining one DMRS port to layer mappint table, and restricting some entries based on different configuration types and symbols.

For transparent MU-MIMO transmission, DMRS ports within a CDM group can be allocated with higher priority to support more user transmission simultamously. In addition to transparent MU-MIMO transmission, non-transparent MU-MIMO also can be considered. In non-transparent MU-MIMO case, rate matching tables besides DMRS port to layer mapping table should be specified. For multi-TRP transmission, different TRP can not be assumed QCL-ed, DMRS ports in different QCL group should be allocated with high priority to prevent interference. Examples of DMRS port to layer mapping methods in different cases are depicted in figure 2.
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Figure 2: Examples of DMRS port to layer mapping methods in different cases 

Based on previous RAN1 meeting agreement, DMRS port to layer mapping table are shown table 2 and table 3.

Table 2: 1-symbol DMRS port to layer mapping with different front-loaded DMRS configuration types

	Value
	Configuration type 1
	
	Configuration type 2
	

	
	1 CW
	1 CW
	2 CWs

	0
	1 layer, port 0
	UL and DL 

SU-MIMO

MU-MIMO
	1 layer, port 0
	UL and DL

SU-MIMO

MU-MIMO
	5 layer, port 0-4
	DL

SU-MIMO

	1
	1 layer, port 1
	
	1 layer, port 1
	
	6 layer, port 0-5
	DL

SU-MIMO

	2
	1 layer, port 2
	
	1 layer, port 2
	
	
	

	3
	1 layer, port 3
	
	1 layer, port 3
	
	
	

	4
	2 layer, port 0-1
	UL and DL

SU-MIMO

MU-MIMO
	1 layer, port 4
	
	
	

	5
	2 layer, port 2-3
	
	1 layer, port 5
	
	
	

	6
	2 layer, port 0,2
	UL and DL

SU-MIMO

Multi-TRP
	2 layer, port 0-1
	UL and DL

SU-MIMO

MU-MIMO
	
	

	7
	2 layer, port 1,3
	
	2 layer, port 2-3
	
	
	

	8
	3 layer, port 0-2
	UL and DL

SU-MIMO
	2 layer, port 4-5
	
	
	

	9
	4 layer, port 0-3
	UL and DL

SU-MIMO
	2 layer, port 0,2
	UL and DL

SU-MIMO

Multi-TRP
	
	

	10
	
	
	2 layer, port 1,4
	
	
	

	11
	
	
	2 layer, port 3,5
	
	
	

	12
	
	
	3 layer, port 0-2
	UL and DL

SU-MIMO

MU-MIMO
	
	

	13
	
	
	3 layer, port 3-5
	
	
	

	14
	
	
	4 layer, port 0-3
	UL and DL

SU-MIMO

MU-MIMO
	
	

	15
	
	
	
	
	
	


Table 3: 2-symbol DMRS port to layer mapping with different front-loaded DMRS configuration types

	Value
	
	Configuration type 1
	
	
	Configuration type 2
	

	
	1 CW
	2 CWs
	1 CW
	2 CWs

	0
	1 layer, port 0
	DL and UL

SU-MIMO

MU-MIMO
	5 layer, port 0-4
	DL

SU-MIMO
	1 layer, port 0
	DL and UL

SU-MIMO

MU-MIMO
	5 layer, port 0-4
	DL

SU-MIMO

	1
	1 layer, port 1
	
	6 layer, port 0-5
	DL

SU-MIMO
	1 layer, port 1
	
	6 layer, port 0-5
	DL

SU-MIMO

	2
	1 layer, port 2
	
	7 layer, port 0-6
	DL

SU-MIMO
	1 layer, port 2
	
	7 layer, port 0-6
	DL

SU-MIMO

	3
	1 layer, port 3
	
	8 layer, port 0-7
	DL

SU-MIMO
	1 layer, port 3
	
	8 layer, port 0-7
	DL

SU-MIMO

	4
	1 layer, port 4
	
	
	
	1 layer, port 4
	
	
	

	5
	1 layer, port 5
	
	
	
	1 layer, port 5
	
	
	

	6
	1 layer, port 6
	
	
	
	1 layer, port 6
	
	
	

	7
	1 layer, port 7
	
	
	
	1 layer, port 7
	
	
	

	8
	2 layer, port 0-1
	DL and UL

SU-MIMO

MU-MIMO
	
	
	1 layer, port 8
	
	
	

	9
	2 layer, port 2-3
	
	
	
	1 layer, port 9
	
	
	

	10
	2 layer, port 4-5
	
	
	
	1 layer, port 10
	
	
	

	11
	2 layer, port 6-7
	
	
	
	1 layer, port 11
	
	
	

	12
	2 layer, port 0,2
	DL and UL

SU-MIMO

Multi-TRP
	
	
	2 layer, port 0-1
	DL and UL

SU-MIMO

MU-MIMO
	
	

	13
	2 layer, port 1,3
	
	
	
	2 layer, port 2-3
	
	
	

	14
	2 layer, port 4,6
	
	
	
	2 layer, port 4-5
	
	
	

	15
	2 layer, port 5,7
	
	
	
	2 layer, port 6-7
	
	
	

	16
	3 layer, port 0-2
	DL and UL

SU-MIMO

MU-MIMO
	
	
	2 layer, port 8-9
	
	
	

	17
	3 layer, port 4-6
	
	
	
	2 layer, port 10-11
	
	
	

	18
	4 layer, port 0-3
	DL and UL

SU-MIMO

MU-MIMO
	
	
	2 layer, port 0,2
	DL and UL

SU-MIMO

Multi-TRP
	
	

	19
	4 layer, port 4-7
	
	
	
	2 layer, port 1,3
	
	
	

	20
	
	
	
	
	2 layer, port 4,6
	
	
	

	21
	
	
	
	
	2 layer, port 5,7
	
	
	

	22
	
	
	
	
	2 layer, port 8,10
	
	
	

	23
	
	
	
	
	2 layer, port 9,11
	
	
	

	24
	
	
	
	
	3 layer, port 0-2
	DL and UL

SU-MIMO

MU-MIMO
	
	

	25
	
	
	
	
	3 layer, port 3-5
	
	
	

	26
	
	
	
	
	3 layer, port 6-8
	
	
	

	27
	
	
	
	
	3 layer, port 9-11
	
	
	

	28
	
	
	
	
	4 layer, port 0-3
	DL and UL

SU-MIMO

MU-MIMO
	
	

	29
	
	
	
	
	4 layer, port 4-7
	
	
	

	30
	
	
	
	
	4 layer, port 8-11
	
	
	

	31
	
	
	
	
	
	
	
	


According to above discussion, in order to reduce signalling overhead, we slight prefer separately design DMRS port to layer mapping table for different DMRS confgigruation types and DMRS symbols. Additionally, as DMRS configuration type and DMRS symbol can be indicated by RRC, UE can select different DMRS port to layer mapping tables implicitly. Therefore, it seems there is no need to introduce DMRS port to layer mapping table restriction or subset selection.

Proposal 4:
· Separate DMRS port to layer mapping table for different DMRS configuration types and DMRS symbols is supported.

2.3. UL DMRS design

The considerations of PDSCH DMRS pattern design also can be appied for PUSCH DMRS without hopping, such as CORSET symbols, processing time, UL and DL multiplexing, UL and DL gap and etc. However, one difference between them is PUSCH DMRS can be configured to the 1st scheduling symbol of PUSCH or the 3rd or 4th symbol. Consequently, PUSCH front-loaded DMRS position is different from PDSCH front-loaded DMRS. But PUSCH additional DMRS configuraiton can be same as PDSCH additional DMRS.

Proposal 5:
· Different higher layer signaling for PUSCH front-loaded DMRS configuration and PDSCH front-loaded DMRS configuration is supported in NR.

2.4. DMRS design for non-slot based scheduling

For DMRS design for non-slot based scheduling, it was agreed that the first DMRS postion is located at the first symbol of schedule data. For 7-symbol non-slot based scheduling case, one additional DMRS can be configured. Based on previous agreement, examples of DMRS pattern for non-slot based scheduling without CORSET are depicted in figure 3.
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Figure 3: Examples of DMRS pattern for non-slot based scheduling without CORSET

Unfortunately, when non-slot based scheduling with CORSET and CORSET is partially or fully overlapped with PDSCH or PUSCH in frequency domain, a special handling should be supported. For the case of non-slot based scheduling CORSET is fully overlapped with PDSCH or PUSCH in frequency domain, the 1st DMRS postion is located at the first symbol of schedule data, there is no need to configure additional DMRS for 7-symbol case as actual transmission symbol number is less than 6. Examples of DMRS pattern for non-slot based scheduling when CORSET is fully overlapped with PDSCH or PUSCH in frequency domain.
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Figure 4: Examples of DMRS pattern for non-slot based scheduling when CORSET is fully overlapped with PDSCH or PUSCH in frequency domain

Proposal 6:
· For 7-symbol non-slot based scheduling, in the case of CORSET is fully overlapped with PDSCH or PUSCH in frequency domain, no additional DMRS is supported when actual transmission symbol number is less than 6.

For the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain, DMRS is fully or partially shiftted can be considered. If DMRS fully shiftting was agreed, a few of unexpected cases would be happening. Especially for 4-symbol non-slot based scheduling, if 3 symbols were occupied by CORSET, the 1st DMRS would be shifted to the last symbol. In this case, how could UE achieve early and fast decoding? For 7-symbol non-slot based scheduling, if 3 symbols were occupied by CORSET, the 1st DMRS would be shifted to the 4th symbol, it seems there is no need to configure additional DMRS. Examples of unexpected cases for fully DMRS shifting for the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain are depicted in figure 5.
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Figure 5: Examples of unexpected cases for fully DMRS shifting for the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain

To prevent above unexpected cases, for the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain, DMRS partially shifting should be supported. Separately design DMRS for different part based on actual transmission symbols can be considered. Examples of partially DMRS shifting for the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain are depicted in figure 6.
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Figure 6: Examples of partially DMRS shifting for the case of non-slot based scheduling CORSET is partially overlapped with PDSCH or PUSCH in frequency domain

Proposal 7:

· For non-slot based scheduling, when CORSET is partially overlapped with PDSCH or PUSCH in frequency domain, separately design DMRS for different part based on actual transmission symbols is supported.

In LTE system, normal TTI and sTTI are sharing the same DMRS pattern. However, it is more complicated in NR due to no-slot based scheduling symbol number can be 1 symbol to less than 14 symbols. To reduce the overhead of DMRS and achieve fast decoding, especially in the case of a UE is scheduled non-slot based and slot based transmission simultaneously, DMRS sharing between non-slot based scheduling and slot based scheduling should be supported.

Proposal 8:

· At least in the case of a UE is scheduled non-slot based transmission and slot based transmission simultaneously, DMRS sharing between them is supported.

2.5. Signalling of DMRS configuration

For slot based scheduling, to prevent UE understanding confusion, when maximum DMRS symbol length is configured with 2 symbols by higher layer and actual DMRS symbol is dynamically changed to 1 by DCI, additional DMRS position configuration 2 and 3 are not supported.

Proposal 9:

· For slot based scheduling, when maximum DMRS symbol length is configured with 2 and actual DMRS symbol is dynamically changed to 1, additional DMRS position configuration 0 and 1 are supported.

For non-slot based scheduling DMRS symbol length configuration, in order to reduce DMRS overhead, especially in the case of 2-symbol and 4-symbol case, only 1 symbol DMRS can be considered.

Proposal 10:

· For non-slot based scheduling, only 1-symbol DMRS is supported.

For non-slot based scheduling DMRS configuration, different DMRS configuration types can be used for different scenarios, flexible DMRS configuration should be supported. There is no need to restrict only one type of DMRS configuration can be used for 2-symbol and 4-symbol non-slot based scheduling, which can leave to gNB configuration. 

Proposal 11:

· Separating DMRS configuration types for non-slot based scheduling and slot based scheduling are supported.

For non-slot based scheduling DMRS scrambling ID, as different DMRS configuration types may be configured, it seems separate scrambling ID(s) configuration for PN sequence initialization are also required.

Proposal 12:

· Separating DMRS scrambling ID(s) for non-slot based scheduling and slot based scheduling are supported.

3. Conclusion

In this contribution, slot based scheduling DMRS design for DL/UL, and non-slot based scheduling DMRS design are discussed with the following proposals:

Proposal 1:

· For broadcast/multicast PDSCH and unicast PDSCH before RRC connection, 1-symbol front-loaded DMRS is supported.

Proposal 2:

· For broadcast/multicast PDSCH and unicast PDSCH before RRC connection, the following alternatives should be down-selection in RAN1 91# meeting,

· Alt1: The number of additional DMRS is fixed to 2.

· Alt2: The number of additional DMRS is configured by RMSI, and DMRS is fixed to 2 for PDSCH with RMSI.

Proposal 3:

· If the location of additional DMRS was later than the last symbol of scheduling PDSCH/DMRS, the later additional DMRS would be dropped.

Proposal 4:
· Separate DMRS port to layer mapping table for different DMRS configuration types and DMRS symbols is supported.

Proposal 5:
· Different higher layer signaling for PUSCH front-loaded DMRS configuration and PDSCH front-loaded DMRS configuration is supported in NR.

Proposal 6:
· For 7-symbol non-slot based scheduling, in the case of CORSET is fully overlapped with PDSCH or PUSCH in frequency domain, no additional DMRS is supported when actual transmission symbol number is less than 6.

Proposal 7:

· For non-slot based scheduling, when CORSET is partially overlapped with PDSCH or PUSCH in frequency domain, separately design DMRS for different part based on actual transmission symbols is supported.

Proposal 8:

· At least in the case of a UE is scheduled non-slot based transmission and slot based transmission simultaneously, DMRS sharing between them is supported.

Proposal 9:

· For slot based scheduling, when maximum DMRS symbol length is configured with 2 and actual DMRS symbol is dynamically changed to 1, additional DMRS position configuration 0 and 1 are supported.

Proposal 10:

· For non-slot based scheduling, only 1-symbol DMRS is supported.

Proposal 11:

· Separating DMRS configuration types for non-slot based scheduling and slot based scheduling are supported.

Proposal 12:

· Separating DMRS scrambling ID(s) for non-slot based scheduling and slot based scheduling are supported.
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