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Introduction
During RAN1 #90 and NR Ad-hoc #3 meetings, the following agreement, conclusion and working assumptions related to DM-RS were made in [1]

 REF _Ref490224714 \r \h 
[2]. 
Agreements:

· For CP-OFDM waveform based PUSCH and DFT-S-OFDM waveform based PUSCH without frequency hopping, the possible locations of UL DMRS symbol(s) are the same for a same number of DMRS symbol(s) for PUSCH

· FFS the case of DFT-S-OFDM waveform based PUSCH with frequency hopping

Agreements:

· DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource-specific, and is a function of at least the following parameters: scrambling ID and offset 

· FFS how to define the offset parameter (e.g., via signalling, implicitly derived, etc.)

· FFS the details of resource-specific (e.g., w.r.t to the wideband of a carrier, or a BWP, etc.)

· FFS the values of scrambling ID

· FFS other parameters
Agreements:

· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:

· By UE-specific higher layer signaling 

· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS
Agreements:

· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases

· FFS the conditions for this feature

· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
Agreement:
For 1-symbol front loaded DMRS, three additional DMRS symbols may be configured for slot-based transsmisions

· The above applies for PDSCH and PUSCH without hopping

· FFS: The applicable subcarrier spacing for the three additional DMRS will be finalized in RAN1#91 

· Note: The above agreement is for PDSCH / PUSCH length of FFS OFDM symbols

Agreement:
Frequency-domain staggering of additional DMRS with respect to the front-load DMRS inside a DL slot is not supported in Rel-15.
Working assumption
For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection 
Agreement:
For a slot, for 2-symbol front-load DMRS, one 2-symbol additional DMRS may be configured.

· further discuss next meeting the support of the case of two 2-symbol additional DMRS.

· companies are encouraged to consider the use case of HST and high order MU-MIMO with more than 6 orthogonal DM-RS ports, with realistic CSI feedback, etc.

DMRS sequence for CP-OFDM based PDSCH and PUSCH is resource specific w.r.t to a wideband CC from network perspective.

Agreement:
NR supports up to 4 ports per-UE in MU-MIMO

· Study further the relation of the maximum number of per-UE MU-MIMO ports to the 1-symbol and 2-symbol DMRS and the configuration type. 

Agreement:

· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.

· Note: See the agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH.
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Agreement:
· For slot-based scheduling, for PDSCH, when two additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd or 4th symbol, the two 1-symbol additional DMRS symbols can be configured in the {8th, 12th} and {7th, 10th} symbol.

· Note: See agreed positions in the figure below.

· The yellow region in the figure below does not contain PDSCH
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· When the last two symbol of the slot do not contain PDSCH:

· The two additional DMRS can be configured in the {7th,10th} symbol
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Agreement:
· For slot-based scheduling, for PDSCH, when one 2-symbol additional DMRS symbol is configured for the 2-symbol front-load DMRS with the first symbol of front-load DMRS on the 3rd or 4th symbol, the one additional 2-symbol DMRS can be at least configured in the {9th-10th} or {11th-12th} OFDM symbols in a slot

· Example of applicability of the patterns for first symbol of front-load DMRS on the 3rd symbol. 
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In this contribution, we discuss the remaining details related to NR DM-RS design.
2
On the design of additional DM-RS

For 2-symbol front-loaded DMRS, there is no clear reason to support upto 3 DMRSes, and one additional DMRS is enough to be supported. Table 1 shows the comparison of the available REs considering total layers to be transmitted.

Even in the case of high speed sceanario, instead of using higher rank with 2-symbol DMRS, to use lower rank with one-symbol DMRSs can provide comparable data rate, because it provides almost the same PDSCH REs available. In addition, lower layer transmission is likely to provide better performance than higher layer transmission.
Thus, we propose to use only one additional DMRS when 2-symbol DMRS are configured.

Table 1. Comparison of available PDSCH REs (CORESET=2)
	Layer
	Three 1-symbol DMRS
	Three 2-symbol DMRS
	Four 1-symbol DMRS
	Four 2-symbol DMRS

	4
	432
	288
	384
	192

	6
	648
	432
	576
	288

	8
	
	576
	
	384


Proposal 1: For 2-symbol front-loaded DMRS, NR doesn’t support more than one additional DMRS symbol. 

Proposal 2: the number of the additional DMRS for PUSCH is configured by higher-layer signaling

Since DM-RS configuration is to be configured by RRC signaling, before obtaining system information. In RAN1 NR#2, we have agreed to use DM-RS configuration type 1 with one-symbol front-loaded DMRS as a default configuration. For the purpose of solid performance regardless of the channel condition, upto 4 DMRS symbol is recommended to be used for broadcast PDSCH as shown in Figure 1.

Proposal 3: NR should support upto 4 DM-RS symbols for Broadcast PDSCH, and FDM between PDSCH and DMRS is supported.

[image: image5.emf]
Figure 1: Proposed additional DM-RS transmission for broadcast PDSCH
3
Multiplexing of DM-RS and Data REs
There are two possible ways on multiplexing DM-RS and Data REs. Figure 2 and 3 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 0 indicates the full TDM with the corresponding power boosting, and type 1/2 indicate FDM case. Case 2 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 4-9 shows 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: image6.emf]
(a) Rate Matching Type 0: TDM cases (DM-RS with 3dB power boosting)

[image: image7.emf]
(b) Rate Matching Type 1: FDM cases (0dB Power boosting)
Figure 2: PDSCH Rate Matching types with DM-RS configuration 1
[image: image8.emf]
(a) Rate Matching Type 0: TDM cases (DM-RS with 4.77dB power boosting)

[image: image9.emf]
(b) Rate Matching Type 1: FDM cases (0dB Power boosting)
[image: image10.emf]
(c) Rate Matching Type 2: FDM cases (1.77dB Power boosting)
Figure 3: 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: image11.emf]
Figure 4: Link-level evaluation results (rank1) with power boosting and data mux – BLER/Throughput(Type1)
[image: image12.emf]
Figure 5: Link-level evaluation results (rank1) with power boosting and data mux – BLER/Throughput(Type2)
[image: image13.emf]
Figure 6: Link-level evaluation results (rank 2) with power boosting and data mux – BLER/Throughput(Type2)
[image: image14.emf]
Figure 7: Link-level evaluation results (rank 4) with power boosting and data mux – BLER/Throughput (Type2)
[image: image15.emf]
Figure 8: 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: image16.emf]
Figure 9: 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 (1-3) are used. 
Proposal 4: 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 5: 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
There are two principles to be considered for the DMRS antenna port mapping. 
First principle 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 [2], 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 5 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. 
Proposal 6: Adopt table2 - table 5 for DMRS port mapping configuration. 

Table 2. DMRS antenna port mapping for type 1 configuration (1 codeword)

	Index
	Assingned AP Index
	Number of APs
	Number of total ports used
	Front-loaded DMRS symbols
	Rate Matching type

	0
	1000
	1
	1~2
	1
	1

	1
	1000
	1
	1~2
	1
	0

	2
	1001
	1
	1~2
	1
	1

	3
	1002
	1
	1~2
	1
	0

	4
	1000
	1
	3~4
	1
	0

	5
	1001
	1
	3~4
	1
	0

	6
	1002
	1
	3~4
	1
	0

	7
	1003
	1
	3~4
	1
	0

	8
	1000
	1
	5~8
	2
	0

	9
	1001
	1
	5~8
	2
	0

	10
	1002
	1
	5~8
	2
	0

	11
	1003
	1
	5~8
	2
	0

	12
	1004
	1
	5~8
	2
	0

	13
	1005
	1
	5~8
	2
	0

	14
	1006
	1
	5~8
	2
	0

	15
	1007
	1
	5~8
	2
	0

	16
	1000, 1001
	2
	1~2
	1
	1

	17
	1000,1002
	2
	1~2
	1
	0

	18
	1000,1001
	2
	3~4
	1
	0

	19
	1002,1003
	2
	3~4
	1
	0

	20
	1000,1001
	2
	5~8
	2
	0

	21
	1002,1003
	2
	5~8
	2
	0

	22
	1004,1005
	2
	5~8
	2
	0

	23
	1006,1007
	2
	5~8
	2
	0

	24
	1000-1002
	3
	3~4
	1
	0

	25
	1000, 1001, 1004
	3
	5~8
	2
	0

	26
	1002,1003, 1005
	3
	5~8
	2
	0

	27
	1000-1003
	4
	4
	1
	0

	28
	1000,1001,1004,1005
	4
	5~8
	2
	0

	29
	1002,1003,1006,1007
	4
	5~8
	2
	0

	30
	Reserved
	
	
	
	

	31
	Reserved
	
	
	
	


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

	Index
	Assingned AP Index
	Number of APs
	Front-loaded DMRS symbols
	Rate Matching type

	0
	1000-1002, 1004-1005
	5
	2
	0

	1
	1000-1002, 1004-1006
	6
	2
	0

	2
	1000-1006
	7
	2
	0

	3
	1000-1007
	8
	2
	0


Table 4. DMRS antenna port mapping for type 2 configuration (1 codeword)

Note::: Yellow can be skipped. (can be merged into later cases, e.g. 3~4 + 5~6( 3~6 )
	Index
	Assingned AP Index
	Number of APs
	Number of total ports used
	Front-loaded DMRS symbols
	Rate Matching type

	0
	1000
	1
	1~2
	1
	1

	1
	1001
	1
	1~2
	1
	1

	2
	1002
	1
	1~2
	1
	1

	3
	1000
	1
	3~4
	1
	0

	4
	1001
	1
	3~4
	1
	0

	5
	1002
	1
	3~4
	1
	0

	6
	1003
	1
	3~4
	1
	0

	7
	1000
	1
	5~6
	1
	0

	8
	1001
	1
	5~6
	1
	0

	9
	1002
	1
	5~6
	1
	0

	10
	1003
	1
	5~6
	1
	0

	11
	1004
	1
	5~6
	1
	0

	12
	1005
	1
	5~6
	1
	0

	13
	1000
	1
	7~8
	2
	0

	14
	1001
	1
	7~8
	2
	0

	15
	1002
	1
	7~8
	2
	0

	16
	1003
	1
	7~8
	2
	0

	17
	1004
	1
	7~8
	2
	0

	18
	1005
	1
	7~8
	2
	0

	19
	1006
	1
	7~8
	2
	0

	20
	1007
	1
	7~8
	2
	0

	21
	1000
	1
	9~12
	2
	0

	22
	1001
	1
	9~12
	2
	0

	23
	1002
	1
	9~12
	2
	0

	24
	1003
	1
	9~12
	2
	0

	25
	1004
	1
	9~12
	2
	0

	26
	1005
	1
	9~12
	2
	0

	27
	1006
	1
	9~12
	2
	0

	28
	1007
	1
	9~12
	2
	0

	29
	1008
	1
	9~12
	2
	0

	30
	1009
	1
	9~12
	2
	0

	31
	1010
	1
	9~12
	2
	0

	32
	1011
	1
	9~12
	2
	0

	33
	1000, 1001
	2
	1~2
	1
	1

	34
	1000,1002
	2
	1~2
	1
	0

	35
	1000,1001
	2
	3~4
	1
	0

	36
	1002,1003
	2
	3~4
	1
	0

	37
	1000,1001
	2
	5~6
	1
	0

	38
	1002,1003
	2
	5~6
	1
	0

	39
	1004,1005
	2
	5~6
	1
	0

	40
	1000,1001
	2
	7~8
	2
	0

	41
	1002,1003
	2
	7~8
	2
	0

	42
	1004,1005
	2
	7~8
	2
	0

	43
	1006,1007
	2
	7~8
	2
	0

	44
	1000,1001
	2
	9~12
	2
	0

	45
	1002,1003
	2
	9~12
	2
	0

	46
	1004,1005
	2
	9~12
	2
	0

	47
	1006,1007
	2
	9~12
	2
	0

	48
	1008,1009
	2
	9~12
	2
	0

	49
	1010,1011
	2
	9~12
	2
	0

	50
	1000-1002
	3
	3~4
	1
	0

	51
	1000,1002,1004
	3
	3
	1
	0

	52
	1000-1002
	3
	5~6
	1
	0

	53
	1003-1005
	3
	5~6
	1
	0

	54
	1000,1001,1006
	3
	7~8
	2
	0

	55
	1002,1003,1008
	3
	7~8
	2
	0

	56
	1004,1005,1010
	3
	7~8
	2
	0

	57
	1000-1003
	4
	4
	1
	0

	58
	1000-1003
	4
	5~6
	1
	0

	59
	1000,1001,1006,1007
	4
	7~8
	2
	0

	60
	1002,1003,1008,1009
	4
	7~8
	2
	0

	61
	1000,1001,1006,1007
	4
	9~12
	2
	0

	62
	1002,1003,1008,1009
	4
	9~12
	2
	0

	63
	1004,1005,1010,1011
	4
	9~12
	2
	0


Table 5. DMRS antenna port mapping for type 2 configuration (2 codewords)
	Index
	Assingned AP Index
	Number of APs
	Front-loaded DMRS symbols
	Rate Matching type

	0
	1000-1004
	5
	1
	0

	1
	1000-1005
	6
	1
	0

	2
	1000-1006
	7
	2
	0

	3
	1000-1007
	8
	2
	0


5
DMRS for DFT-s-OFDM with pi/2 BPSK 

Though we have agreed to use comb2 structure for DMRS for DFT-s-OFDM, the PAPR loss from the comb2 (RPF=2) structure is more than 1dB higher PAR and CM than PAR without comb(RPF=1). Especially to be adopted for pi/2 BPSK, DMRS PAPR is much higher than data PAPR and CM. Table 4 shows the analysis on the PAPR and CM evaluation with RPF=1 and 2. In case of small allocation less than 12 PRB allocation, much differences are observed. Therefore, RFP=1 should be supported at least for pi/2 BPSK and the same DMRS can be used regardless of the modulation scheme. 
Proposal 7: For DFT-S-OFDM based PUSCH DMRS, NR should support LTE UL DMRS-like structure (i.e. RPF=1) 

Proposal 8: For DFT-s-OFDM, the same DMRS is used for all PUSCH regardless of the modulation scheme 

Table 4. 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

	25
	-0.0184
	0.2952
	2,70
	3,15

	27
	-0.0250
	0.2523
	2,70
	2,90

	30
	-0.0666
	0.1732
	2,65
	2,95

	32
	-0.0862
	0.1763
	2,70
	3,00

	36
	-0.1201
	0.1203
	2,60
	2,80


6
Summary 
In this section, we summarize the key observations/proposals related to NR DM-RS details 
Proposal 1: For 2-symbol front-loaded DMRS, NR doesn’t support more than one additional DMRS symbol. 

Proposal 2: the number of the additional DMRS for PUSCH is configured by higher-layer signaling

Proposal 3: NR should support upto 4 DM-RS symbols for Broadcast PDSCH, and FDM between PDSCH and DMRS is supported.

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 (1-3) are used. 
Proposal 4: 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 5: 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 6: Adopt table2 - table 5 for DMRS port mapping configuration.
Proposal 7: For DFT-S-OFDM based PUSCH DMRS, NR should support LTE UL DMRS-like structure (i.e. RPF=1) 

Proposal 8: For DFT-s-OFDM, the same DMRS is used for all PUSCH regardless of the modulation scheme 
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