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1
Introduction
During RAN1 #90bis meeting, the following agreement, conclusion and working assumptions related to DM-RS were made in [1]. 
Agreement:
For slot-based scheduling, for PDSCH, for the 2-symbol front-load DMRS, the 2-symbol additional DMRS symbol is configured in
· the {9th-10th} symbol 

· for PDSCH spanning to the 10th or 11th or 12th symbol of the slot

· the {11th-12th} symbol 
· for PDSCH spanning to the 13th or 14th symbol of the slot
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Agreement:

· For the 2-symbol non-slot based scheduling, no additional DMRS can be configured

· For the 4-symbol non-slot based scheduling, no additional DMRS can be configured

· For the 7-symbol non-slot based scheduling, one additional DMRS can be configured

· FFS: Location of the front-loaded DMRS  

E-mail Agreement
 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
o    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). 
o    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. 

o    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. 

o    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. 

o    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. 

o    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 the PUSCH without a hop when the first symbol of the front-load DMRS is located in the 3rd or 4th symbol of the slot

· reuse DL DMRS locations for UL DMRS with respect to the additional DMRS symbols and reuse the scenarios they are applied with respect to the last PUSCH symbol.

· Note: This applies to both NCP and ECP whenever applicable. 

For RAN1#91: Study further until next meeting whether NR should support in addition to a comb-2 DMRS structure, a DMRS structure with RPF=1 for DFT-s-OFDM.
Agreement:

Any configured DMRS port indication table supports SU-MIMO scheduling.

The maximum number of ports per UE in SU-MIMO

· DMRS configuration type 1 with 1-symbol DMRS

· 4 for DL, 4 for UL

· DMRS configuration type 1 with 2-symbol DMRS

· 8 for DL, 4 for UL

· DMRS configuration type 2 with 1-symbol DMRS

· 6 for DL, 4 for UL

· DMRS configuration type 2 with 2-symbol DMRS

· 8 for DL, 4 for UL

Agreement:

The maximum number of orthogonal ports per UE in MU-MIMO for

· DMRS configuration type 1 with 1-symbol DMRS

· 2 for DL

· DMRS configuration type 1 with 2-symbol DMRS

· 4 for DL

· DMRS configuration type 2 with 1-symbol DMRS

· 4 for DL

· DMRS configuration type 2 with 2-symbol DMRS

· 4 for DL

Email discussion on RS design based on pi/2 BPSK for DFT-s-OFDM
· Until Oct 27 – Kiran (Indian Institute of Tech (H))
Agreement:
For the PN sequence for CP-OFDM, QPSK modulated DMRS is derived from the 

· Alt. 1: length1/21 Gold sequence (as in LTE)

· Alt. 2: length-63 Gold sequence

Agreement:

A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:

· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:

· Scheduled downlink DMRS ports

· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching

· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

· There are no dedicated bits for rate matching around DMRS CDM group(s)

At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports

· Uplink DMRS CDM groups for rate matching

· There are no dedicated bits for rate matching around DMRS CDM group(s)

Agreement
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 

· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP
Agreement: 

· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.

· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.

· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.

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.

Agreement:
· In Rel. 15, at least for PDSCH, a UE is not expected to assume co-scheduled MU-UE(s) with different DMRS configuration with respect to the followings:

· The actual number of front-loaded DMRS symbol(s)

· The number of additional DMRS

· The DMRS symbol location 

· DMRS  configuration type.

In this contribution, we discuss the remaining details related to NR DM-RS design.
2
Remaining issues on DM-RS pattern
Several issues have been discussed on the number of DMRS and their position after RAN1 #90bis.

One remaining issue is the number of additional DMRS for broadcast PDSCH. In order to support up to 500km/h with 15kHz subcarrier spacing, we have agreed to support upto 3 additioanl DMRS. Because broadcast PDSCH should be received for all considered usage scenario, the same principle should be applied. 

Figure 1 shows the comparison of BLER with 2 and 3 additional DMRS are applied. As shown in the performance results, 4 DMRS gives almost 7dB of BLER gain @ 1% BLER. Thus, without any restriction on the distance between two adjacent DMRS symbols, 2 additional DMRS cannot gurantee the performance. 

[image: image3.emf]
Figure 1: Simulation results for BLER with 2 and 3 additional DMRS (3 and 500km/h, QPSK 1/3, 4GHz, 15 kHz SCS)
The key factor relavant to the UE speed to be supported is the distance between adjacent DMRSs. If DMRS duration is less than 3 symbol, it is possible to support upto 500km/h. Among agreed pattern, if PDSCH duration is less than 11 OFDM symbols, 2 additional DMRS symbol can be used for PDSCH before RRC configuration. 

Another option is to transmit PTRS instead of additional DMRS. With single port, PT-RS provides higher capability of doppler estimation, and the evaluation result in [2] shows that one additional DMRS and PT-RS provide 1-4 dB of gain for SNR achieving 70% of peak throughput across @60-500km/h speed over the other 2 additional DMRS options. Default PT-RS configuration (every symbol and every 2nd RB) is used for the PDSCH before RRC configuration as shown in Figure 3.
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Figure 2: Possible DMRS options for PDSCH before RRC configuration (Additional DMRS)
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Figure 3: Possible DMRS options for PDSCH before RRC configuration (PTRS + Additional DMRS)
Thus, we recommend to choose one of the following options for DMRS for broadcast PDSCH.

Proposal 1: Select one of the following options for the number of additional DMRS before RRC configuration.

· Alt 1: NR support upto 3 additional DM-RS symbols 

· Alt 2: NR support upto 2 additional DM-RS symbols and PDSCH duration shoul be less than 10 symbols. 

· Alt 3: NR support 1 additional DM-RS and one PT-RS port every 2nd PRB
Proposal 2: NR support FDM between PDSCH and DMRS before RRC configuration. 

The second issue is on the DMRS configuration type for non-slot based scheduling. DMRS configuration type is beneficial to be fixed in a network because it doesn’t require any aynamic changes for UE. Regarding to the DMRS overhead for 2-symbol case, referring the result in [2] shows that no meaningful gain is achieved from  configuration type 2 over DMRS configuration type 1. Thus, we propose to use both configurations for both slot-based and non-slot based scheduling. In addition, we propose to set the same configuration as default mode.
Proposal 3: NR support all DMRS configuration types regardless of scheduling type.

Proposal 4: NR support the same DMRS configuration for slot and non-slot-based scheduling as default configuration.

It has been discussed the number of DMRS according to the number of front-loaded DMRS symbols. Though many companies are proposing to use only one additional DMRS if max 2 symbols front-load DMRS is configured. However, the maximum number is specified for indicating gNB capability on the number of supported orthogonal DMRS ports. This is not relavant to the UE’s schedulilng restriction. Otheriwise, there is no need to specifiy such parameter. 

In addition, the supportable UE speed is not only for the function of the number of additional DMRS. In LTE, with 2+2 DMRS can support more than 200km/h, while 1+1 cannot. In addition, it is not difficult to map different number of additional DMRS. We can simply use the formular of min(1, DL-DMRS-add-pos) to determine the number of additional DMRS for 2-symbol DMRS. If we limit the number of additional DMRS to one if max 2-symbol DMRS is configured, the DL-DMRS-max-len should be updated according to UE speed, and there is no reason to use the parameter because it doesn’t have any information uniquely defined. In addition, or the scheduling opportunity to support high-speed UE should be lost for the TRP supporting more than 4 or 6 layer. There is no additional complexity then, why should we  lose the flexibility and efficiency.
Proposal 5: If higher layer parameter DL-DMRS-max-len set to 2, 

· and if the UE is scheduled with 1-symbol DM-RS, the UE shall assume the number of additional DM-RS is DL-DMRS-add-pos.
· else if the UE is scheduled with 2-symbol DMRS, the UE shall assume the number of additional DMRS is min(1, DL-DMRS-add-pos)
3
Multiplexing of DM-RS and Data REs

There are two possible ways on multiplexing DM-RS and Data REs. Figure 4 and 5 show the possible examples of two multiplexing method, which are TDM and FDM. And, according to the way of multiplexing, they are categorized as Rate Matching type 0,1 and 2. RM type 1 indicates the full TDM with the corresponding power boosting, and type 0 indicate FDM case. RM type 2 is defined for configuration type 2, uses both FDM and power boosting. FDM increase the number of the REs to be used for data transmission while TDM mutes the unused REs for DM-RS and the muted power is used for boosting the DM-RS power. Power boosting is required to maintain the transmission power of each antenna ports constant across the symbols in a slot. 

First, on signaling aspect, FDM is possible to be used without additional signalling for SU-MIMO, however, it is difficult to apply FDM for MU-MIMO without additional signaling overhead. Thus, FDM multiplexing should be used only for SU-MIMO case. In addition, to minimize the signaling overhead, the indication of FDM is possible to be signalled only with specific DMRS port mappings.

To see the performance gain of FDM, we have evaluated the performance via simulation. Figure 6-11 show the simulation results with various condition. We simulated with various rank (i.e. 1,2 and 4), and number of DMRSs.(i.e. front-loaded only, 1 additional DMRS)

[image: image9.emf]
(a) Rate Matching Type 0: FDM cases (0dB Power boosting)
[image: image10.emf]
(b) Rate Matching Type 1: TDM cases (DM-RS with 3dB power boosting)

Figure 4: PDSCH Rate Matching types with DM-RS configuration 1

[image: image11.emf]
(a) Rate Matching Type 0: FDM cases (0dB Power boosting)
[image: image12.emf]
(b) Rate Matching Type 1: TDM cases (DM-RS with 4.77dB power boosting)

[image: image13.emf]
(c) Rate Matching Type 2: FDM cases (3dB Power boosting)
Figure 5: PDSCH Rate Matching types with DM-RS configuration 2

Though FDM multiplexing has slight gain of improving the maximum throughput for higher MCS only, TDM with power boosting provides superior performance than FDM multiplexing mostly in the SNR region with operation point. The number of unused REs are variable and mostly small except 1 port transmission. Thus, at least for DL, there is not so high possibility to have rank 1 or 2 transmission with higher MCS with SU-MIMO, which is the only case FDM multiplexing shows performance gain. In addition, TDM multiplexing is more friendly to be implemented, because the number of REs for data transmission can be calculated as a function of OFDM symbols only.

Thus, TDM with power boosting should be supported for multiplexing of DM-RS and data REs in NR.

[image: image14.emf]
Figure 6: Link-level evaluation results (rank1) with power boosting and data mux – BLER/Throughput(Type1)
[image: image15.emf]
Figure 7: Link-level evaluation results (rank1) with power boosting and data mux – BLER/Throughput(Type2)

[image: image16.emf]
Figure 8: Link-level evaluation results (rank 2) with power boosting and data mux – BLER/Throughput(Type2)

[image: image17.emf]
Figure 9: Link-level evaluation results (rank 4) with power boosting and data mux – BLER/Throughput (Type2)

[image: image18.emf]
Figure 10: Link-level evaluation results (rank 1) with power boosting and data mux – BLER/Throughput(Type 2 with additional DM-RS) – 60km/h TDL-C 300ns

[image: image19.emf]
Figure 11: Link-level evaluation results (rank 4) with power boosting and data mux – BLER/Throughput (Type 2 with additional DM-RS) – 60km/h TDL-C 300ns

Observation 1: FDM multiplexing of DM-RS and PDSCH data is beneficial only with SU-MIMO with lower rank and mini-slot e.g.

· For configuration 1: only sinlge comb is used for DM-RS transmission
· For configuration 2: only one or two DM-RS ports are used 
· Mini-slot with small number of OFDM symbos (2,4) are used. 
Proposal 6: NR support TDM multiplexing between DM-RS and data as a default mode with normal slot with DM-RS power boosting

· Power boosting of 3dB for configuration type 1 and 4.77dB for configuration type 2 respectively.
Proposal 7: NR support FDM multiplexing between DM-RS and data when following condition is met, and based on dynamic signalling in DCI

· SU-MIMO, and single comb is used for configuration type 1
· SU-MIMO, and 1 or 2 ports are used for configuration type 2.
· DCI signaling of DMRS antenna port mapping is used to indicate the condition
4
DMRS antenna port mapping
During RAN1 #90bis, we have agreed following information is included in DCI as part of downlink/uplink DMRS port assignement. 

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:

· Scheduled downlink DMRS ports

· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching

· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not

· There are no dedicated bits for rate matching around DMRS CDM group(s)

At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:

· Scheduled uplink DMRS ports

· Uplink DMRS CDM groups for rate matching

· There are no dedicated bits for rate matching around DMRS CDM group(s)

There are several aspects to be considered for the DMRS antenna port mapping. 
First is on the CDM multiplexing order. In case of MU-MIMO, we can consider two CDM case, within an UE and between UEs. However, it is recommended to support within an UE because there is a possibility that two DMRS ports are not QCLed, thus to avoid such mis-alignment, CDM-f should be applied to an UE than to different UEs. 
Observation 2: CDM in frequency wihin one UE has less impact than CDM for different UEs.

On the other hand, NR should support FDM first mapping for SU-MIMO cases to support very long delay channel (e.g. DS=1000ns). Though it has been agreed to use the agreed pattern as NR DM-RS, as shown in [3], there is a problem that the performance of both patterns degraded with long delay channel when schemes with CDM in frequency (cyclic shift and FD-OCC) were used for DM-RS port multiplexing. Since we are considering wider channel bandwidth with larger subcarrier spacing in NR, it is more likely that the orthogonality is broken due to higher frequency selectivity. 

In order to avoid such degradation, NR should support FDM without CDM-f to be available for communicating through the channel with long delay spread.

Observation 3: FDM first mapping is beneficial to support high delay channel and multi-TRP transmission.

Though dynamic signaling of DMRS antenna port mapping is necessary for NR, too much flexibility increase the signaling overhead. To minimize the overhead, we propose a simple table for DMRS port mapping with the above considerations.
Table 2 to 7 provide the DMRS antenna port mapping for type 1 and type 2 accroding to the number of the codewords.  5 or 6 bits are required to signal all the cases for type 1 and type 2 respectively if one codeword is used. Since upto 4 ports are used for one UE in case of MU-MIMO, two codewords is scheduled with only SU-MIMO case. Rate Matching type is referred from section 3. For DL, the number of total antenna ports used included in the table, and for UL, no information included related to MU pairing because gNB is aware of UL scheduling information already.
According to the rate matching type, PDSCH(or PUSCH) EPRE to DMRS EPRE ratio is specified. 

Proposal 8: Adopt table2 - table 7 for DMRS port mapping configuration. 

Table 2. DL DMRS antenna port mapping for configuration type 1 (1 CW)
	Index
	Assingned AP Index
	Number of front-loaded DMRS symbols 
	Rate matching type
	Number of total ports used
	PDSCH EPRE to DMRS EPRE ratio

	0
	1000
	1
	0
	1~2
	1

	1
	1001
	1
	0
	1~2
	1

	2
	1000
	1
	1
	3~4
	1/2

	3
	1001
	1
	1
	3~4
	1/2

	4
	1002
	1
	1
	3~4
	1/2

	5
	1003
	1
	1
	3~4
	1/2

	6
	1000, 1001
	1
	0
	2 (SU)
	1

	7
	1000,1002
	1
	1
	2 (SU)
	1/2

	8
	1000,1001
	1
	1
	2~4
	1/2

	9
	1002,1003
	1
	1
	3~4
	1/2

	10
	1000,1001,1002
	1
	1
	3 (SU)
	1/2

	11
	1000,1001,1002,1003
	1
	1
	4 (SU)
	1/2

	12
	1000
	2
	1
	5~8
	1/2

	13
	1001
	2
	1
	5~8
	1/2

	14
	1002
	2
	1
	5~8
	1/2

	15
	1003
	2
	1
	5~8
	1/2

	16
	1004
	2
	1
	5~8
	1/2

	17
	1005
	2
	1
	5~8
	1/2

	18
	1006
	2
	1
	5~8
	1/2

	19
	1007
	2
	1
	5~8
	1/2

	20
	1000,1001
	2
	1
	5~8
	1/2

	21
	1002,1003
	2
	1
	5~8
	1/2

	22
	1004,1005
	2
	1
	5~8
	1/2

	23
	1006,1007
	2
	1
	5~8
	1/2

	24
	1000, 1001, 1004
	2
	1
	5~8
	1/2

	25
	1002,1003, 1005
	2
	1
	5~8
	1/2

	26
	1000,1001,1004,1005
	2
	1
	7~8
	1/2

	27
	1002,1003,1006,1007
	2
	1
	7~8
	1/2

	28
	reserved
	
	
	
	

	29
	
	
	
	
	

	30
	
	
	
	
	

	31
	
	
	
	
	


Table 3. DL DMRS antenna port mapping for configuration type 1 (2 codewords )

	Index
	Assingned AP Index
	Number of APs
	Number of front-loaded DMRS symbols
	Rate matching type
	PDSCH EPRE to DMRS EPRE ratio

	0
	1000-1002, 1004-1005
	5
	2
	1
	1/2

	1
	1000-1002, 1004-1006
	6
	2
	1
	1/2

	2
	1000-1006
	7
	2
	1
	1/2

	3
	1000-1007
	8
	2
	1
	1/2


Table 4. DL DMRS antenna port mapping for configuration type 2 (1 CW)
	Index
	Assingned AP Index
	Number of front-loaded DMRS symbols 
	Rate matching type
	Number of total ports used
	PDSCH EPRE to DMRS EPRE ratio

	0
	1000
	1
	0
	1~2
	1

	1
	1001
	1
	0
	1~2
	1

	2
	1000
	1
	1
	3~6
	1/3

	3
	1001
	1
	1
	3~6
	1/3

	4
	1002
	1
	1
	3~6
	1/3

	5
	1003
	1
	1
	4~6
	1/3

	6
	1004
	1
	1
	5~6
	1/3

	7
	1005
	1
	1
	5~6
	1/3

	8
	1000, 1001
	1
	0
	2
	1

	9
	1000,1002
	1
	1
	2
	1/3

	10
	1000,1001
	1
	1
	3~6
	1/3

	11
	1002,1003
	1
	1
	4~6
	1/3

	12
	1004,1005
	1
	1
	5~6
	1/3

	13
	1000,1001,1002
	1
	1
	3
	1/3

	14
	1000,1002,1004
	1
	1
	4~6
	1/3

	15
	1003,1004,1005
	1
	1
	5~6
	1/3

	16
	1000-1003
	1
	1
	4~6
	1/3

	17
	1000
	2
	1
	7~12
	1/3

	18
	1001
	2
	1
	7~12
	1/3

	19
	1002
	2
	1
	7~12
	1/3

	20
	1003
	2
	1
	7~12
	1/3

	21
	1004
	2
	1
	7~12
	1/3

	22
	1005
	2
	1
	7~12
	1/3

	23
	1006
	2
	1
	7~12
	1/3

	24
	1007
	2
	1
	7~12
	1/3

	25
	1008
	2
	1
	9~12
	1/3

	26
	1009
	2
	1
	9~12
	1/3

	27
	1010
	2
	1
	9~12
	1/3

	28
	1011
	2
	1
	9~12
	1/3

	29
	1000,1001
	2
	1
	7~8
	1/3

	30
	1002,1003
	2
	1
	7~8
	1/3

	31
	1004,1005
	2
	1
	7~8
	1/3

	32
	1006,1007
	2
	1
	7~8
	1/3

	33
	1000,1001
	2
	1
	9~12
	1/3

	34
	1002,1003
	2
	1
	9~12
	1/3

	35
	1004,1005
	2
	1
	9~12
	1/3

	36
	1006,1007
	2
	1
	9~12
	1/3

	37
	1008,1009
	2
	1
	9~12
	1/3

	38
	1010,1011
	2
	1
	9~12
	1/3

	39
	1000,1001,1006
	2
	1
	7~12
	1/3

	40
	1002,1003,1008
	2
	1
	9~12
	1/3

	41
	1004,1005,1010
	2
	1
	9~12
	1/3

	42
	1000,1001,1006,1007
	2
	1
	7~8
	1/3

	43
	1002,1003,1008,1009
	2
	1
	7~8
	1/3

	44
	1000,1001,1006,1007
	2
	1
	9~12
	1/3

	45
	1002,1003,1008,1009
	2
	1
	9~12
	1/3

	46
	1004,1005,1010,1011
	2
	1
	9~12
	1/3

	47
	reserved
	
	
	
	

	….
	….
	
	
	
	

	63
	reserved
	
	
	
	


Table 5. DL DMRS antenna port mapping for type 2 configuration (2 CW)

	Index
	Assingned AP Index
	Number of APs
	Front-loaded DMRS symbols
	Rate matching type
	PDSCH EPRE to DMRS EPRE ratio

	0
	1000-1004
	5
	1
	1
	1/3

	1
	1000-1005
	6
	1
	1
	1/3

	2
	1000-1006
	7
	2
	1
	1/3

	3
	1000-1007
	8
	2
	1
	1/3


Table 6. UL DMRS antenna port mapping for configuration type 1 

	Index
	Assingned AP Index
	Number of front-loaded DMRS symbols 
	Rate matching type
	PUSCH EPRE to DMRS EPRE ratio

	0
	1000
	1
	0
	1

	1
	1001
	1
	0
	1

	2
	1000
	1
	1
	1/2

	3
	1001
	1
	1
	1/2

	4
	1002
	1
	1
	1/2

	5
	1003
	1
	1
	1/2

	6
	1000, 1001
	1
	0
	1

	7
	1000,1002
	1
	1
	1/2

	8
	1000,1001
	1
	1
	1/2

	9
	1002,1003
	1
	1
	1/2

	10
	1000,1001,1002
	1
	1
	1/2

	11
	1000,1001,1002,1003
	1
	1
	1/2

	12
	1000
	2
	1
	1/2

	13
	1001
	2
	1
	1/2

	14
	1002
	2
	1
	1/2

	15
	1003
	2
	1
	1/2

	16
	1004
	2
	1
	1/2

	17
	1005
	2
	1
	1/2

	18
	1006
	2
	1
	1/2

	19
	1007
	2
	1
	1/2

	20
	1000,1001(nSCID=0)
	2
	1
	1/2

	21
	1002,1003(nSCID=0)
	2
	1
	1/2

	22
	1004,1005(nSCID=0)
	2
	1
	1/2

	23
	1006,1007(nSCID=0)
	2
	1
	1/2

	24
	1000,1001(nSCID=1)
	2
	1
	1/2

	25
	1002,1003(nSCID=1)
	2
	1
	1/2

	26
	1004,1005(nSCID=1)
	2
	1
	1/2

	27
	1006,1007(nSCID=1)
	2
	1
	1/2

	28
	1000, 1001, 1004
	2
	1
	1/2

	29
	1002,1003, 1005
	2
	1
	1/2

	30
	1000,1001,1004,1005
	2
	1
	1/2

	31
	1002,1003,1006,1007
	2
	1
	1/2


Table 7. UL DMRS antenna port mapping for configuration type 2
	Index
	Assingned AP Index
	Number of front-loaded DMRS symbols 
	Rate matching type
	PUSCH EPRE to DMRS EPRE ratio

	0
	1000
	1
	0
	1

	1
	1001
	1
	0
	1

	2
	1000
	1
	1
	1/3

	3
	1001
	1
	1
	1/3

	4
	1002
	1
	1
	1/3

	5
	1003
	1
	1
	1/3

	6
	1004
	1
	1
	1/3

	7
	1005
	1
	1
	1/3

	8
	1000, 1001
	1
	0
	1

	9
	1000,1002
	1
	1
	1/3

	10
	1000,1001
	1
	1
	1/3

	11
	1002,1003
	1
	1
	1/3

	12
	1004,1005
	1
	1
	1/3

	13
	1000,1001,1002
	1
	1
	1/3

	14
	1000,1002,1004
	1
	1
	1/3

	15
	1003,1004,1005
	1
	1
	1/3

	16
	1000-1003
	1
	1
	1/3

	17
	1000
	2
	1
	1/3

	18
	1001
	2
	1
	1/3

	19
	1002
	2
	1
	1/3

	20
	1003
	2
	1
	1/3

	21
	1004
	2
	1
	1/3

	22
	1005
	2
	1
	1/3

	23
	1006
	2
	1
	1/3

	24
	1007
	2
	1
	1/3

	25
	1008
	2
	1
	1/3

	26
	1009
	2
	1
	1/3

	27
	1010
	2
	1
	1/3

	28
	1011
	2
	1
	1/3

	29
	1000,1001(nSCID=0)
	2
	1
	1/3

	30
	1002,1003(nSCID=0)
	2
	1
	1/3

	31
	1004,1005(nSCID=0)
	2
	1
	1/3

	32
	1006,1007(nSCID=0)
	2
	1
	1/3

	33
	1008,1009(nSCID=0)
	2
	1
	1/3

	34
	1010,1011(nSCID=0)
	2
	1
	1/3

	35
	1000,1001(nSCID=1)
	2
	1
	1/3

	36
	1002,1003(nSCID=1)
	2
	1
	1/3

	37
	1004,1005(nSCID=1)
	2
	1
	1/3

	38
	1006,1007(nSCID=1)
	2
	1
	1/3

	39
	1008,1009(nSCID=1)
	2
	1
	1/3

	40
	1010,1011(nSCID=1)
	2
	1
	1/3

	41
	1000,1001,1006
	2
	1
	1/3

	42
	1002,1003,1008
	2
	1
	1/3

	43
	1004,1005,1010
	2
	1
	1/3

	44
	1000,1001,1006,1007
	2
	1
	1/3

	45
	1002,1003,1008,1009
	2
	1
	1/3

	46
	1004,1005,1010,1011
	2
	1
	1/3

	47
	reserved
	
	
	

	….
	….
	
	
	

	63
	reserved
	
	
	


5
DM-RS sequence for CP-OFDM

It has been discussed that the length of the PN sequence of DMRS for CP-OFDM. Though the number of PCell ID increased, the length of PN sequence is relatively high enough compared to PCell ID. The increase of PN sequence impacted the complexity, and legth 63 of PN sequence is too much increase than LTE even with just 1 bit increase of PCell ID. Thus, we propose to re-use LTE length-31 PN sequence for NR DM-RS for CP-OFDM. 

Proposal 9: LTE length-31 PN sequence is used for PN sequence for NR DM-RS.

Because the length of the parameters used for generating cinit for the DM-RS sequence are changed, new initial ization formular is required. 

In LTE, regarding to the initialization of the sequence for reference signals, following formulars are used.

·  
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Different from LTE DMRS, NR DMRS has multiple candidate position for DMRS, in addition to slot index, symbol index should be taken into account. NCP is not required to be considered because NCP is only defined for 60kHz SCS. 

Regarding to the number of UE-specically configured sequence, first as we have used in LTE, SCID can be supported for DL multi-TRP operation. In addition, in order to increase the number of ports to be used for MU-MIMO, additional DMRS sequence is required. Because TD-OCC is not expected to be used for the higher frequency system, the number of the orthogonal DMRS ports is limited to 4 or 6, and it is critical to exploit MU-MIMO via hybrid beamforming. In addition, especially for UL, MU-MIMO is promising to increase the capacity because UL traffic rate is relatively small, and, up to 16 layer supports is considered for massive MIMO deployment. Though we can assign the sequence by RRC signaling semi-statically, dynamic change is benficial to the scheduling flexibility in the gNB. 
Thus, we propose to use the following parameters for initializing DMRS sequence. 

Proposal 10: For initializing DM-RS sequence, use the following parameters similar to LTE.

· Physical Cell ID or Virtual Cell ID configured by RRC (10bits)
· SCID: (1 or 2 bits)

· Slot and/or symbol index in a radio frame: upto 12 bits
6
DMRS for DFT-s-OFDM with pi/2 BPSK 

In RAN1 #90bis, RAN1 agreed to use a CGS for DM-RS for 1 PRB allocation for DFT-s-OFDM. Thus, in addition to RPF=2, RPF=1 should be used at least for DMRS for 1 PRB allocation. As shown in below table, if the allocation size is eaual or smaller than 12 PRBs, significant CM/PAPR performance gain from RPF=1 is observed. 
Proposal 11: NR support RPF=1 pattren for UL DMRS for DFT-s-OFDM for the following cases.

· 1 PRB allocation and CGS is used

· the allocation size is equal or smaller than [12] PRBs. 

Table 8. Comparison of CM and 1% PAR for RPF=1 and RPF=2, considering worst of 30 best sequences.
	PUSCH BW
(PRBs)
	CM (worst of 30 best sequences)
	1% PAR (worst of 30 best)

	
	RPF=1
	RPF=2
	RPF=1
	RPF=2

	8
	0.4173
	1.2706
	3,10
	4,10

	9
	0.4350
	1.0861
	3,25
	4,05

	10
	0.3573
	0.7205
	3,05
	4,00

	12
	0.2742
	0.5869
	3,00
	3,60

	15
	0.1658
	0.4964
	2,95
	3,35

	16
	0.1831
	0.4346
	3,00
	3,10

	18
	0.1146
	0.4385
	2,80
	3,30

	20
	0.0637
	0.3624
	2,80
	3,05

	24
	0.0181
	0.2749
	2,70
	3,00

	36
	-0.1201
	0.1203
	2,60
	2,80


For DMRS sequence for pi/2 BPSK modulated PUSCH, new pi/2 BPSK signal based DMRS has been proposed for exploiting PAPR gain from pi/2 BPSK. 

In [4], we have evaluated the PA output for pi/BPSK modulated data and ZC sequence with the consideration of spectral shaping, and table XX shows the comparison of PA output power. Though there is a gap between the max output power without spectral shaping, when we applied spectral shaping to both signal, according to the spectal shaping method, the gaps are observed differently. Though with time-domain spectral shaping (TDSS) pi/2 BPSK signal shows better tx power than ZC sequence, TDSS degrades the equalization performance seriously, FDSS is more promising to be used. With FDSS, ZC sequence shows better tx power performance than pi/2 BPSK. Since the same spectral shaping should be applied to both data and DMRS, the balanced performance is important. Finally, considering all the aspect, 50% truncared RRC with roll-off=0.25 provides good compromization. From this comparison, we cannot say pi/2 BPSK bsed DMRS shows best performance in terms of coverage enhancement. 
Table 9: Comparison of PA output power for data and DMRS symbols with different spectral shaping option ([4], allocation size = 100 PRB)

	
	No Spectral Shaping
	Time domain SS (1+D)
	Frequency Domain SS (RRC roll-off=0.25, 25%-truncated)
	Frequency Domain SS (RRC roll-off=0.25, 50%-truncated)

	ZC (DMRS)
	26.8
	27.5
	28.6
	28.3

	pi/2 BPSK (Data)
	27.2
	28.9
	27.8
	28.1


In addition, the single carrier based operation requires new channel estimation algorithm and time-domain equaliser. These addition induces additional complexity both in UE and TRP as well as introducing performance degradation from noise enhancement. 
Thus, we don’t see meaningful benefit from pi/2 BPSK-based DMRS sequence, and propose to use ZC-based or CGS sequence for DMRS for pi/2 BPSK data. 
Proposal 12: For DFT-s-OFDM, the same DMRS is used for all PUSCH regardless of the modulation scheme 
7
Summary 
In this section, we summarize the key observations/proposals related to NR DM-RS details 
Proposal 1: Select one of the following options for the number of additional DMRS before RRC configuration.

· Alt 1: NR support upto 3 additional DM-RS symbols 

· Alt 2: NR support upto 2 additional DM-RS symbols and PDSCH duration shoul be less than 10 symbols. 

· Alt 3: NR support 1 additional DM-RS and one PT-RS port every 2nd PRB
Proposal 2: NR support FDM between PDSCH and DMRS before RRC configuration. 

Proposal 3: NR support all DMRS configuration types regardless of scheduling type.

Proposal 4: NR support the same DMRS configuration for slot and non-slot-based scheduling as default configuration.

Proposal 5: If higher layer parameter DL-DMRS-max-len set to 2, 

· and if the UE is scheduled with 1-symbol DM-RS, the UE shall assume the number of additional DM-RS is DL-DMRS-add-pos.
· else if the UE is scheduled with 2-symbol DMRS, the UE shall assume the number of additional DMRS is min(1, DL-DMRS-add-pos)
· Observation 1: FDM multiplexing of DM-RS and PDSCH data is beneficial only with SU-MIMO with lower rank and mini-slot e.g.

· For configuration 1: only sinlge comb is used for DM-RS transmission
· For configuration 2: only one or two DM-RS ports are used 
· Mini-slot with small number of OFDM symbos (2,4) are used. 
Proposal 6: NR support TDM multiplexing between DM-RS and data as a default mode with normal slot with DM-RS power boosting

· Power boosting of 3dB for configuration type 1 and 4.77dB for configuration type 2 respectively.
Proposal 7: NR support FDM multiplexing between DM-RS and data when following condition is met, and based on dynamic signalling in DCI

· SU-MIMO, and single comb is used for configuration type 1
· SU-MIMO, and 1 or 2 ports are used for configuration type 2.
· DCI signaling of DMRS antenna port mapping is used to indicate the condition
Observation 2: CDM in frequency wihin one UE has less impact than CDM for different UEs.

Observation 3: FDM first mapping is beneficial to support high delay channel and multi-TRP transmission.

Proposal 8: Adopt table2 - table 7 for DMRS port mapping configuration. 

Proposal 9: LTE length-31 PN sequence is used for PN sequence for NR DM-RS.

Proposal 10: For initializing DM-RS sequence, use the following parameters similar to LTE.

· Physical Cell ID or Virtual Cell ID configured by RRC (10bits)
· SCID: (1 or 2 bits)

· Slot and/or symbol index in a radio frame: upto 12 bits
Proposal 11: NR support RPF=1 pattren for UL DMRS for DFT-s-OFDM for the following cases.

· 1 PRB allocation and CGS is used

· the allocation size is equal or smaller than [12] PRBs. 

Proposal 12: For DFT-s-OFDM, the same DMRS is used for all PUSCH regardless of the modulation scheme 
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