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Introduction
[bookmark: _Ref178064866]In this contribution, we address the remaining details on the DMRS design for both UL and DL.
· Default DMRS patterns for PDSCH and PUSCH
· DMRS pattern dependency to PDSCH and PUSCH duration (first DMRS in 3rd or 4th symbol) when
· two or three additional 1-symbol DMRS have been configured
· one additional 2-symbol DMRS is configured and PDSCH span to the Xth symbol where X<10
· DMRS pattern for PUSCH when first DMRS occurs in 1st UL symbol
· DMRS pattern dependency to PUSCH duration
· DMRS for non-slot based scheduling
· DMRS for frequency hopping in UL
· Antenna port mapping and indexing
· DMRS sequences
· DMRS power boosting

PDSCH DMRS patterns
Default PDSCH DMRS pattern
A default DMRS pattern for PDSCH will be needed before a UE has been RRC configured. The design of the default DMRS pattern must be robust and provide sufficiently accurate channel estimates at low SINRs, high Doppler spreads and large channel delay spreads. In other words, a default DMRS pattern should be dense in both frequency and time but there would be a trade-off between additional overhead for channel processing gain versus reduced coding gain for messages with fixed transport block sizes. 
In the previous RAN1 a working assumption was made that DMRS configuration 1 is used for broadcast and multicast:
· 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 

An open issue is whether the same default pattern is used for unicast before RRC connection, e.g. to receive the actual RRC configuration. Such message can be quite large, up to 1000 bits or even more if more advanced functionality is introduced. It would be very complicated if the default broadcast/multicast patterns are not used for all transmisisons prior to RRC configuration, i.e. for unicast. If that would be the case, then for example, in the RAR procedure, Msg2 would use one pattern and Msg4 would use another DMRS pattern. The benefit of this complexity increase is unclear. 
We have performed a set of evaluations, see [1], to validate the working assumption and has come to the conclusion that it can be confirmed.
Moreover, it has been agreed to use at least two additional DMRS symbols for the default DMRS pattern and based on our evaluations (see results in [1]), we see that two additional outperforms three additional DMRS symbols.
[bookmark: _Toc494352385][bookmark: _Toc494352411][bookmark: _Toc494356594][bookmark: _Toc494356675][bookmark: _Toc494368400][bookmark: _Toc494370561][bookmark: _Toc494391436][bookmark: _Toc494713959][bookmark: _Toc496599742][bookmark: _Toc498716620]Confirm WA for default pattern for broadcast/multicast PDSCH using the front-load DMRS Configuration 1 
[bookmark: _Toc498716621]Use the same default DMRS configuration for all PDSCH receptions until configured otherwise by RRC
[bookmark: _Toc498716622]The default pattern use single front loaded with two additional DMRS symbols (1+1+1) 
[bookmark: _Toc498716623]The default transmission use DMRS port 0 using SU-MIMO and DMRS power boosting enabled, i.e. PDSCH is not mapped as FDM with DMRS and PDSCH to DMRS EPRE is -3 dB
DMRS pattern selection dependence on PDSCH duration
When additional DMRS is configured, and if the PDSCH region is short so that the last DMRS symbol(s) is outside the PDSCH region, the behaviour is yet undecided.
[bookmark: _Hlk498695558]Open issue stated from the previous meeting: Study and conclude in next meeting UE behaviour and/or DMRS pattern(s) for the slots with PDSCH duration which is not covered by previous agreements; e.g., For the 2-symbol front-load DMRS with one additional 2-symbol DMRS and PDSCH spanning to the Xth symbol where X<10. 
The proposed PDSCH DMRS patterns that have not been covered by previous agreements are those depicted by red boxes in Figure 1. For configurations with first DMRS in 3rd symbol, the same additional DMRS mapping is proposed when applicable.
[bookmark: _Toc498716624]Supported DMRS pattern(s) for slots with different PDSCH duration are those depicted in Figure 1. Configurations with first DMRS in 3rd symbol use the same locations of additional DMRS when applicable.
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[bookmark: _Ref498696537]Figure 1 DL DMRS patterns for slots with first DMRS in 2nd symbol and with different PDSCH duration, in which those in red boxes have not been covered by previous agreements



2.3.	DL DMRS patterns for non-slot based scheduling
For December “release” of NR, RAN1 should focus on mini slots of length 2,4 and 7 symbols. In the email discussion following RAN1#90bis, there were some remaining open issues for which we have these proposals:

1. [bookmark: _Toc498716625]For PDSCH/PUSCH mapping type B, both DMRS config type 1 and 2 may be configured and independent configurations for UL and DL.
1. [bookmark: _Toc498716626]For PDSCH/PUSCH mapping type B, the number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS is one.
1. [bookmark: _Toc498716627]For PDSCH/PUSCH mapping type B, DL-DMRS-max-len is configured independent for UL and DL

.
UL DMRS patterns
Default UL DMRS pattern
A default UL DMRS pattern is needed for e.g. RAR Msg3. We prefer to keep the commonalities with the UL and we also observe that Type 1 DMRS is required when DFT-s-OFDM waveform is used in UL.
1. [bookmark: _Toc498716628]The default PUSCH DMRS use configuration type 1, DMRS port 0 and two additional DMRS symbols. PUSCH and DMRS are not FDM in the DMRS symbols so PUSCH to DMRS EPRE ratio is -3 dB. 
UL DMRS in UL only slots
It has previously been concluded that RAN1 should strive for a symmetrical DL and UL DMRS design (CP-OFDM). For the front-loaded DMRS with one 1-symbol additional DMRS this would imply for slots that the UL DMRS could be in 3rd, 4th, 8th, 10th and 12th symbol. However, a unified DL and UL location of the DMRS symbols will not be possible for mixed slots since the GP in UL heavy slots will delay the UL DMRS with respect to DL. On the other hand, for normal slots with UL only there could be UL DMRS symbol alignments with DL DMRS. 
The placements of other UL transmissions such as SRS and short PUCCH may however impact the locations of the UL DMRS for PUSCH and since the transmit power of the other UL transmissions and the DMRS may differ there will be power ramping aspect to be considered in this case as well. By placing the other UL transmissions after PUSCH and DMRS, multiple power ramping occasions within the slot can be avoided. 
An SRS resource in NR could refer to 1, 2 or 4 symbols and with short PUCCH of 1 or 2 symbols the one 1-symbol additional UL DMRS could be in 12th, 10th and 8th symbol depending on PUSCH allocation, as illustrated in Figure 2. It can though be observed that for avoiding DMRS to be adjacent to a 6-symbol allocation of the other UL transmission one would need to consider additional locations for UL DMRS. 
Another DL/UL symmetrical aspect is whether to consider first UL DMRS to be symbol-aligned with DL DMRS for the case of 3-symbols PDCCH. With PUSCH starting at the first symbol of the slot, this would impose channel extrapolation over 3 symbols. 
[bookmark: _Toc494352388][bookmark: _Toc494352414][bookmark: _Toc494356596][bookmark: _Toc494356677][bookmark: _Toc494368403][bookmark: _Toc494370564][bookmark: _Toc494391439][bookmark: _Toc494713962][bookmark: _Toc496599743][bookmark: _Toc498716629][bookmark: _Toc494352389][bookmark: _Toc494352415]For PUSCH in a slot with UL only transmissions where PUSCH starts at the first OFDM symbol, then the first DMRS symbol is at the 3rd  or 4th symbol depending on signalling in PBCH, and the same patterns and slot format dependence (i.e. last PUSCH symbol) as DL DMRS with first DMRS in 3rd symbol is used for UL DMRS (including 1+0, 2+0, 2+2, 1+1+1 and 1+1+1+1 patterns)


[image: ]
Figure 2 UL DMRS patterns for slots with first DMRS in 2nd symbol and with different PUSCH duration

UL DMRS in mixed DL/UL slots
When considering slots with a DL/UL switch, the locations of the UL DMRS symbols can in principle be aligned with the locations of the DL DMRS symbols. In DL though, the length of the PDCCH region will define the start of the DL DMRS which will not necessary be the case in UL where the start of the UL DMRS could be in the first OFDM symbol of the UL transmission.
Transmitting DMRS in the first OFDM symbol of the UL transmission could degrade the channel estimation if the transmit power ramping is not settled in advance to the presence of the DMRS. Evidently, poor channel estimates in the beginning of a slot would affect the whole demodulation of PUSCH. On the other hand, performance degradation could also be the case when transmitting PUSCH in the first OFDM symbol of the UL transmission when codewords are mapped in frequency first. Furthermore, there is also a PUSCH building processing time aspect with PUSCH in the first OFDM symbol of the UL transmission in latency critical applications, with an UL grant being valid for the same slot as the UE received the UL grant.
This transmit power ramping aspect is still under discussion in RAN 4 but irrespectively of DMRS or PUSCH in the first symbol of an UL transmission there will be a performance impact with transmit power ramping affecting the UL transmission. With respect to this observation, we propose the following 
[bookmark: _Toc494352387][bookmark: _Toc494352413][bookmark: _Toc494356597][bookmark: _Toc494356678][bookmark: _Toc494368404][bookmark: _Toc494370565][bookmark: _Toc494391440][bookmark: _Toc494713963][bookmark: _Toc496599744][bookmark: _Toc498716630]In mixed DL/UL slots where the first UL symbol contains the first front loaded DMRS symbol only TDM between DMRS and PUSCH is supported.
For the 1+1 case, the proposed DMRS patterns in UL only slots can be reused for the mixed slots, that is, the additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol.

[bookmark: _Toc494356598][bookmark: _Toc494356679][bookmark: _Toc494368405][bookmark: _Toc494370566][bookmark: _Toc494391441][bookmark: _Toc494713964][bookmark: _Toc496599745][bookmark: _Toc498716631]For mixed DL/UL slots, the single additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol and there is at least one and at most two PUSCH symbols after the additional DMRS except for PUSCH duration of 5 symbols or shorter.  See Figure 3 for patterns.
 [image: ]
Figure 3 PUSCH regions and placements of 1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol. 
In case of the high speed DMRS patterns 1+1+1, the DMRS pattern for UL in mixed slots can follow a simple rule:
[bookmark: _Toc494356599][bookmark: _Toc494356680][bookmark: _Toc494368406][bookmark: _Toc494370567][bookmark: _Toc494391442][bookmark: _Toc494713965][bookmark: _Toc496599746][bookmark: _Toc498716632]In case 3 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced in between the 1+1 patterns for 2 symbols. 
This design rule gives these supported patterns:
                                
[image: ]
Figure 4 PUSCH regions and placements of 1+1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol.
In case of the high speed DMRS patterns 1+1+1+1 in mixed slots, the DMRS pattern for UL in mixed slots can follow a simple rule:
[bookmark: _Toc494356681][bookmark: _Toc494368407][bookmark: _Toc494370568][bookmark: _Toc494391443][bookmark: _Toc494713966][bookmark: _Toc496599747][bookmark: _Toc498716633]In case 4 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced with distance 3 symbols.
This rule gives these supported patterns:

[image: ]
Figure 5 PUSCH regions and placements of 1+1+1+1 DMRS in case of mixed slots where a non-UL region precedes the first OFDM symbol.

Consideration of front-loaded DMRS and CFO estimation in UL
In LTE, UL DMRS for PUSCH are always located in 4th and 11th symbol of a subframe which means that the base station can use DMRS for CFO estimation. However, in NR with the possibility to configure front-loaded UL DMRS only there will be a need to address CFO estimation in UL without imposing scheduling constraints.
One possibility to address this would be to configure UL PTRS also in sub-6 deployments with the property of being relatively sparse in time, sufficiently dense within the scheduled bandwidth and MCS independent. A major difference between CPE and CFO estimation is though the time scale for the need of compensating for the phase distortion; where the CPE may need to be compensated on a symbol level the CFO compensation can be done on a multiple frame level.
By always including PTRS in a PUSCH transmission may thus lead to unnecessary overhead in sub-6 deployments. Instead of always including PTRS for CFO estimation, the presence of PTRS could be triggered by the UL grant.  
An alternative to trigger PTRS would be to trigger presence of additional DMRS, i.e. in addition to being configured with front-loaded DMRS a UE is also configured with a DMRS pattern that can be triggered to enable CFO estimation at the base station. This DMRS pattern could refer to an UL DMRS configuration that includes the front-loaded DMRS in conjunction with the additional DMRS.
In the previous RAN1 though, the following working assumption was made with respect to DMRS for PUSCH: 
· 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
Introducing a DCI based switching of the DMRS pattern for PUSCH (to assist T/F sync) means that the current working assumption above cannot be confirmed if additional DMRS is always present when configured by higher layer signaling. 

[bookmark: _Toc498716634]Working assumption for PUSCH DMRS configuration of additional DMRS by UE-specific higher layer signaling is rejected
In the simulations, we provide evidence that UL CFO is enable to cause serious performance degradation, which motivates our proposal further. We evaluated the demodulation performance of the PUSCH transmission using only front-loaded DMRS (Type-1, 1-symbol DMRS), as shown in the figure below, in the presence of CFO corresponding to 0%, 0.1%, 0.5%, and 1% of the subcarrier spacing (0, 15, 75, 150Hz), respectively. The detailed simulation parameters are in the company paper [1].
[image: ]
Figure 6 BLER performance comparison with different CFO level
We can observe that UL is sensitive to the CFO. Front-loaded DMRS is not sufficient for handling the frequency synchronization. 
[bookmark: _Toc494352391][bookmark: _Toc494352417][bookmark: _Toc494356600][bookmark: _Toc494356682][bookmark: _Toc494368409][bookmark: _Toc494370571][bookmark: _Toc494391446][bookmark: _Toc494713969][bookmark: _Toc496599750][bookmark: _Toc498716635]RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
· [bookmark: _Toc494352392][bookmark: _Toc494352418][bookmark: _Toc494356601][bookmark: _Toc494356683][bookmark: _Toc494368410][bookmark: _Toc494370572][bookmark: _Toc494391447][bookmark: _Toc494713970][bookmark: _Toc496599751][bookmark: _Toc498716636]A UE can be configured with additional DMRS which presence can be dynamically indicated
· [bookmark: _Toc494352393][bookmark: _Toc494352419][bookmark: _Toc494356602][bookmark: _Toc494356684][bookmark: _Toc494368411][bookmark: _Toc494370573][bookmark: _Toc494391448][bookmark: _Toc494713971][bookmark: _Toc496599752][bookmark: _Toc498716637]A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
· [bookmark: _Toc494352394][bookmark: _Toc494352420][bookmark: _Toc494356603][bookmark: _Toc494356685][bookmark: _Toc494368412][bookmark: _Toc494370574][bookmark: _Toc494391449][bookmark: _Toc494713972][bookmark: _Toc496599753][bookmark: _Toc498716638]A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH

Antenna port mapping 
In previous meetings, a few restrictions on scheduling, mainly for MU-MIMO has been agreed in order to simplify the scope of the antenna port mapping table design. To simplify the design even further, we can restrict the number of co-scheduled users in MU-MIMO:
[bookmark: _Toc498716639]Support at most eight co-scheduled UEs in MU-MIMO
Port mapping table for UL for DMRS configuration type 1
For UL, the port mapping table can be designed taking into account the maximum 4 layer UL SU-MIMO and also the use of up to 8 or 12 ports respectively. The Antenna port table for DMRS type 1 is shown in Table 1 below including also PUSCH mapping to unused CDM group, or not, in case the ports only use the first CDM group. The PTRS mapping subcarrier us also given in this table depending on the used DMRS port. 
Also, the ports using TD-OCC for port separation are not applicable when PTRS is configured.  
Table 1 Antenna port mapping table for PUSCH scheduling for type 1 DMRS
	Table index
	Rank
	DMRS port ID (+1000)
	Map PUSCH to other CDM group
	# FL symb
	PTRS subcarrier k={0,..,11}

	0
	1
	0
	Yes
	1
	0

	1
	1
	0
	No
	1
	0

	2
	1
	1
	No
	1
	2

	3
	1
	2
	No
	1
	1

	4
	1
	3
	No
	1
	3

	5
	2
	0,1
	Yes
	1
	0

	6
	2
	0,1
	No
	1
	0

	7
	2
	2,3
	No
	1
	1

	8
	2
	0,2
	N/A
	1
	0

	9
	3
	0,1,2
	N/A
	1
	0

	10
	4
	0,1,2,3
	N/A
	1
	0

	11
	1
	0
	Yes
	2
	0

	12
	1
	0
	No
	2
	0

	13
	1
	1
	No
	2
	2

	14
	1
	2
	No
	2
	1

	15
	1
	3
	No
	2
	3

	16
	1
	4
	No
	2
	4

	17
	1
	5
	No
	2
	6

	18
	1
	6
	No
	2
	5

	19
	1
	7
	No
	2
	7

	20
	2
	0,1
	Yes
	2
	0

	21
	2
	0,1
	No
	2
	0

	22
	2
	0,4
	Yes
	2
	0

	23
	2
	0,4
	No
	2
	0

	24
	2
	2,6
	No
	2
	1

	25
	2
	1,5
	No
	2
	2

	26
	2
	3,7
	No
	2
	3

	27
	2
	0,2
	N/A
	2
	0

	28
	3
	0,1,2
	N/A
	2
	0

	29
	3
	0,4,2
	N/A
	2
	0

	30
	3
	0,1,4
	Yes
	2
	0

	31
	3
	0,1,4
	No
	2
	0

	32
	4
	0,1,2,3
	N/A
	2
	0

	33
	4
	0,4,2,6
	N/A
	2
	0

	34
	4
	0,1,4,5
	Yes
	2
	0

	35
	4
	0,1,4,5
	No
	2
	0




Port mapping table for DL for DMRS configuration type 1
For DL, the port mapping table can be designed taking into account the maximum 8 layer DL SU-MIMO and also the use of up to 8 or 12 ports respectively. The Antenna port table for DMRS type 1 is shown in Table 1 below including also PDSCH mapping to unused CDM group, or not, in case the ports only use the first CDM group. 
Moreover, it is indicated if other ports are used to other UEs in the same CDM group or groups the UE is using but this is only for the case the UE use the “leading port” for a given rank, for example port 0 is the leading port for rank 1 and is used for SU-MIMO scheduling and port 0,1 is leading port pair for rank 2 scheduling.  Scheduling port 1 in rank 1 is only possible if also port 0 in the same CDM group is used. 
The PTRS mapping subcarrier us also given in this table depending on the used DMRS port. Also, the ports using TD-OCC for port separation are not applicable when PTRS is configured. 

Table 2 Antenna port mapping table for PDSCH scheduling for type 1 DMRS
	Table index
	Rank
	DMRS port ID (+1000)
	Map PDSCH to other CDM group
	Remaining ports in used CDM group(s) active
	# Front loaded symb
	PTRS subcarrier k={0,..,11}

	0
	1
	0
	Yes
	No
	1
	0

	1
	1
	0
	Yes
	Yes
	1
	0

	2
	1
	0
	No
	No
	1
	0

	3
	1
	0
	No
	Yes
	1
	0

	4
	1
	1
	No
	Yes
	1
	2

	5
	1
	2
	No
	Yes
	1
	1

	6
	1
	3
	No
	Yes
	1
	3

	7
	2
	0,1
	Yes
	N/A
	1
	0

	8
	2
	0,1
	No
	N/A
	1
	0

	9
	2
	2,3
	No
	N/A
	1
	1

	10
	2
	0,2
	N/A
	No
	1
	0

	11
	3
	0,1,2
	N/A
	No
	1
	0

	12
	3
	0,1,2
	N/A
	Yes
	1
	0

	13
	4
	0,1,2,3
	N/A
	N/A
	1
	0

	14
	1
	0
	Yes
	No
	2
	0

	15
	1
	0
	Yes
	Yes
	2
	0

	16
	1
	0
	No
	No
	2
	0

	17
	1
	0
	No
	Yes
	2
	0

	18
	1
	1
	No
	Yes
	2
	2

	19
	1
	2
	No
	Yes
	2
	1

	20
	1
	3
	No
	Yes
	2
	3

	21
	1
	4
	No
	Yes
	2
	N/A

	22
	1
	5
	No
	Yes
	2
	N/A

	23
	1
	6
	No
	Yes
	2
	N/A

	24
	1
	7
	No
	Yes
	2
	N/A

	25
	2
	0,1
	Yes
	No
	2
	0

	26
	2
	0,1
	Yes
	Yes
	2
	0

	27
	2
	0,1
	No
	No
	2
	0

	28
	2
	0,1
	No
	Yes
	2
	0

	29
	2
	0,4
	Yes
	No
	2
	N/A

	30
	2
	0,4
	Yes
	Yes
	2
	N/A

	31
	2
	0,4
	No
	No
	2
	N/A

	32
	2
	0,4
	No
	Yes
	2
	N/A

	33
	2
	2,6
	No
	Yes
	2
	N/A

	34
	2
	1,5
	No
	Yes
	2
	N/A

	35
	2
	3,7
	No
	Yes
	2
	N/A

	36
	2
	0,2
	N/A
	No
	2
	0

	37
	3
	0,1,2
	N/A
	No
	2
	0

	38
	3
	0,4,2
	N/A
	No
	2
	N/A

	39
	3
	0,1,4
	Yes
	No
	2
	N/A

	40
	3
	0,1,4
	Yes
	Yes
	2
	N/A

	41
	3
	0,1,4
	No
	No
	2
	N/A

	42
	3
	0,1,4
	No
	Yes
	2
	N/A

	43
	4
	0,1,2,3
	N/A
	No
	2
	0

	44
	4
	0,4,2,6
	N/A
	No
	2
	N/A

	45
	4
	0,1,4,5
	Yes
	N/A
	2
	N/A

	46
	4
	0,1,4,5
	No
	N/A
	2
	N/A

	47
	5
	0,4,2,6,1
	N/A
	No
	2
	N/A

	48
	6
	0,4,2,6,1,3
	N/A
	No
	2
	N/A

	49
	7
	0,4,2,6,1,3,5
	N/A
	No
	2
	N/A

	50
	8
	0,4,2,6,1,3,5,7
	N/A
	N/A
	2
	N/A



DMRS Sequences
Sequence for CP-OFDM
It has previously been decided that DM-RS for CP-OFDM shall be based on pseudo-random binary sequences referring to either length-31 Gold sequences or length-63 Gold sequences.
Length-63 Gold sequences for PRBS based DM-RS should only be considered if it is not possible to find any 31-bit initialization expression  that provides sequences with correlation properties matching LTE. Evidently, introducing length-63 Gold sequences would require a larger specification effort as both m-sequences and initialization method need to be specified.
Based on the evaluations conducted in [2], we conclude that it is possible to find an expression for  with maximum 31-bits that can provide DM-RS with correlation properties matching LTE, support 15-bits configurable scrambling IDs in conjunction with 10ms wrap around duration (as in LTE) of the symbol counter .
[bookmark: _Toc498716640]The length-31 Gold sequence generator (same as LTE) is used to generate PRBS based DM-RS sequences in both DL and UL
The design of  is discussed in [2] where we propose to have a common structure of  for DM-RS and CSI-RS. The proposed structure can be expressed as  where  is the symbol counter,  is the scrambling ID,  is the bit width of the scrambling ID and  is an RS type identifier which for DM-RS is set to zero. The function  is constructed such that  and such that  and  are not combined linearly in a modulo-2 meaning [2]. As also discussed in [2],the number of configurable scrambling IDs should be larger than the 1008 physical cell IDs to support high scheduling flexibility in excessive MU-MIMO operations when using pseudo-orthogonal reference signals. We propose the following:
[bookmark: _Toc498716641]Initialization of the length-31 Gold sequence generator is for DM-RS defined by
[bookmark: _Toc498716642]				 , 
where  is a symbol counter, ,  is a 15-bit scrambling ID and  is a subcarrier spacing dependent scaling factor defined in Table 3. 	
[bookmark: _Ref498592842]		Table 3. Scaling factor  for  kHz subcarrier spacing
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[bookmark: _Toc496599757][bookmark: _Toc494713976][bookmark: _Toc494391453]
[bookmark: _Toc498716657]When the 15-bit scrambling ID, , is not configured by higher layers, it shall be defined as  where   refers to the physical cell ID.

The values of  in Table 3 and the scaling factor 31 of the physical cell ID refer to largest prime numbers fulfilling  and, respectively.

Sequence for DFT-S-OFDM
It has previously been decided that DMRS for the DFT-S-OFDM waveform shall be based on the DMRS configuration type 1 (2-Combs) and that DMRS shall be derived from Zadoff-Chu sequences.
QPSK and QAM modulations
A Comb-2 structure of UL DMRS was introduced in LTE rel-14 in which the DMRS sequences are either derived from ZC sequences or Monte Carlo generated QPSK sequences, depending on the size of the RB allocation. As the Comb-2 structure (i.e. DMRS configuration type 1) and ZC will be used also in UL NR, the same DMRS sequence design could be reused in principle. Hence, we propose to reuse the LTE sequence design including bandwidths down to 1 RB, though with adaptations to extended set of cell IDs and scheduling bandwidths.



[bookmark: _Toc494391456][bookmark: _Toc494713979][bookmark: _Toc496599760][bookmark: _Toc498716658]Reuse the LTE UL DMRS sequence design down to 1 RB scheduling BW and use initialization based on  that is selected from a set of higher-layer configured numbers and further selected from the set by scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers. 

π/2-BPSK modulation
It has previously been decided to support /2 BPSK modulation of data for the DFTS waveform as well as to support frequency domain spectrum shaping of that modulation. With FDSS applied to DFT-spread /2 BPSK, a lower CM and PAPR can be obtained than with FDSS applied to ZC sequences [3]. This could motivate to introduce a DFT-spread DMRS design for /2 BPSK.
With DMRS based on ZC sequences, MU-MIMO with orthogonal DMRS ports can readily be supported by either assigning users on different combs or separate users on same comb with same PRB allocations by applying cyclic shifts on a common base sequence. In the case of introducing a DFT-spread DMRS design, applying cyclic shifts would evidently not be possible so only combs could be considered.
For the DFT-S-OFDM waveform, it has thus been decided to use DMRS configuration type 1 so DMRS should be mapped on 2-Comb structure. With a DFTS sequence of length , this can be achieved with a block DMRS sequence in which DMRS sequences of length  are concatenated as
 and .
After DFT-spreading, the DMRS sequence associated with  will be mapped on even subcarriers whereas the DMRS sequence associated with  will be mapped on odd subcarriers.
This way of designing the DFT-spreading DMRS thus enables spatial multiplexing with orthogonal DMRS ports of pi/2 BPSK DFTS users by assigning the block spreading sequence  to one user and the block spreading sequence  to another user. Spatial multiplexing of a pi/2 BPSK transmission with other type of transmissions would evidently be supported by assigning the corresponding DM-RS transmissions on different combs.
[bookmark: _Toc496599761][bookmark: _Toc498716659]DMRS for DFT-spread /2 BPSK data is mapped on a 2-Comb

Power boosting and power imbalance issues
Power boosting of DMRS
To increase spectral efficiency or/and channel estimation performance, it was agreed that in the meeting RAN1_90 NR#3 [6] that 
· NR support FDM between DMRS and data in the DMRS symbols,
· NR support signalling for rate matching in the DMRS symbols.
The purpose is to introduce flexibility that when there are empty REs which are not occupied by RS in the DMRS symbol, there exist options either using them for data or keeping them empty while allocating the equal power to the DMRS symbol as the data symbols. In our evaluations [1], it is shown that at least for low SNR scenarios power boosting the DMRS REs can achieve better BLER performance for a fixed payload transmission. Therefore, power boosting the DMRS REs needs to be supported by NR. 
Regarding the power boosting ratio of DMRS REs (which is defined as the ), the key principle is that the total power on the DMRS symbol should be the same as that for data symbols in all possible port allocations. Therefore, the key factor is to count the number of non-used zero power REs in the DMRS symbol such that the power can be re-allocated to the DMRS for the enhancement of channel estimation performance. In [5], we have enumerated the power boosting ratio in all the possible combinations of DMRS port allocations for both SU- and MU-MIMO scenarios. Regardless of SU- and MU-MIMO transmission, there will be only limited power boosting ratio for signalling. Specifically, for Type-1 DMRS, the power boosting ratio is limited within 2 possible values 0 and -3 dB (1bit). On the other hand, for Type-2 DMRS, the power boosting ratio is limited within 3 possible values 0, -3, -4.77 dB (maximum 2bits).  As discussed in [5], the power boosting ratio in both SU- and MU-MIMO transmission will imply the same data allocation in the DMRS symbol. Therefore, for the transparent MU-MIMO transmission, we propose:
[bookmark: _Toc498716660]The power boosting ratio of DMRS should be dynamically signalled to UEs (or equivalently encode this additional signalling in the port mapping) for transparent MU-MIMO
Power imbalance issue introduced by T-OCC
A known problem that was previously discussed regarding time domain OCC is that it will introduce power imbalance across DMRS REs in the time domain. According to the specification TS38.211, the same TD-OCC port assignment occurs across the whole frequency. This will introduce the DMRS symbol imbalance across the TD-OCC length in the worst-case scenario. More specifically, when the precoder weight are the same for every layer in the same antenna, the sum power of DMRS port on the DMRS RE will vary dramatically across DMRS symbols. For instance, the relative peak power of DMRS RE will only distributes in one DMRS symbol, whereas the zero power DMRS REs distributed across the whole frequency for the other DMRS symbol. The total power imbalance is introduced by the same TD-OCC ports assignment in frequency domain. The detailed discussion and solution presentation are put in the company’s paper [5].
A straightforward solution of this issue is to shuffle the TD-OCC port assignment in the frequency domain, aiming for an even distribution of the DMRS RE peak power across all DMRS symbols. Also note that the power imbalance issue also occurs for CSI-RS (since TD-OCC are applied for CSI-RS ports mux), the solution for that will follow the same principle.   
[bookmark: _Toc498716661]Specification based solutions, i.e., shuffling the OCC order in paired PRBs, should be considered to resolve the power imbalance issue in time domain. 
Conclusions
We make the following proposals:
Proposal 1	Confirm WA for default pattern for broadcast/multicast PDSCH using the front-load DMRS Configuration 1
Proposal 2	Use the same default DMRS configuration for all PDSCH receptions until configured otherwise by RRC
Proposal 3	The default pattern use single front loaded with two additional DMRS symbols (1+1+1)
Proposal 4	The default transmission use DMRS port 0 using SU-MIMO and DMRS power boosting enabled, i.e. PDSCH is not mapped as FDM with DMRS and PDSCH to DMRS EPRE is -3 dB
Proposal 5	Supported DMRS pattern(s) for slots with different PDSCH duration are those depicted in Figure 1. Configurations with first DMRS in 3rd symbol use the same locations of additional DMRS when applicable.
Proposal 1	For PDSCH/PUSCH mapping type B, both DMRS config type 1 and 2 may be configured and independent configurations for UL and DL.
Proposal 2	For PDSCH/PUSCH mapping type B, the number of additional DMRS when DL-DMRS-max-len=2 and the UE is dynamically scheduled with 1-symbol for front-load DMRS is one.
Proposal 3	For PDSCH/PUSCH mapping type B, DL-DMRS-max-len is configured independent for UL and DL
Proposal 4	The default PUSCH DMRS use configuration type 1, DMRS port 0 and two additional DMRS symbols. PUSCH and DMRS are not FDM in the DMRS symbols so PUSCH to DMRS EPRE ratio is -3 dB.
Proposal 5	For PUSCH in a slot with UL only transmissions where PUSCH starts at the first OFDM symbol, then the first DMRS symbol is at the 3rd  or 4th symbol depending on signalling in PBCH, and the same patterns and slot format dependence (i.e. last PUSCH symbol) as DL DMRS with first DMRS in 3rd symbol is used for UL DMRS (including 1+0, 2+0, 2+2, 1+1+1 and 1+1+1+1 patterns)
Proposal 6	In mixed DL/UL slots where the first UL symbol contains the first front loaded DMRS symbol only TDM between DMRS and PUSCH is supported.
Proposal 7	For mixed DL/UL slots, the single additional DMRS can be placed in symbol 11,9,7,5 relative to the front loaded DMRS symbol and there is at least one and at most two PUSCH symbols after the additional DMRS except for PUSCH duration of 5 symbols or shorter.  See Figure 3 for patterns.
Proposal 8	In case 3 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced in between the 1+1 patterns for 2 symbols.
Proposal 9	In case 4 symbols is used for PUSCH in slots with mixed UL and DL, the DMRS is mapped equally spaced with distance 3 symbols.
Proposal 10	Working assumption for PUSCH DMRS configuration of additional DMRS by UE-specific higher layer signaling is rejected
Proposal 11	RAN1 should select one of the following options to assist CFO estimation in UL with front-loaded DMRS:
	A UE can be configured with additional DMRS which presence can be dynamically indicated
	A UE can be configured with a PTRS pattern that does not depend on MCS and its presence can be dynamically indicated
	A UE can be configured with a PTRS pattern that does not depend on MCS and is always transmitted in conjunction with PUSCH
Proposal 12	Support at most eight co-scheduled UEs in MU-MIMO
Proposal 13	The length-31 Gold sequence generator (same as LTE) is used to generate PRBS based DM-RS sequences in both DL and UL
Proposal 14	Initialization of the length-31 Gold sequence generator is for DM-RS defined by
				 , 
where  is a symbol counter, ,  is a 15-bit scrambling ID and  is a subcarrier spacing dependent scaling factor defined in Table 3. 	

Proposal 15	When the 15-bit scrambling ID, , is not configured by higher layers, it shall be defined as  where   refers to the physical cell ID.



Proposal 16	Reuse the LTE UL DMRS sequence design down to 1 RB scheduling BW and use initialization based on  that is selected from a set of higher-layer configured numbers and further selected from the set by scheduling DCI. The value  is equal to the cell ID  if not configured by higher layers.
Proposal 17	DMRS for DFT-spread /2 BPSK data is mapped on a 2-Comb
Proposal 18	The power boosting ratio of DMRS should be dynamically signalled to UEs (or equivalently encode this additional signalling in the port mapping) for transparent MU-MIMO
Proposal 19	Specification based solutions, i.e., shuffling the OCC order in paired PRBs, should be considered to resolve the power imbalance issue in time domain.
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