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Introduction
In 3GPP RAN1 #96 meeting, the following agreements were made [1].
	Agreement
When Rel-16 sequence for pi/2 BPSK PUSCH DMRS is configured, the Rel-16 sequence is used for all sequence lengths.

Agreement
For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.
· FFS: Whether or not to support deterministic sequence hopping pattern 

Agreement
For CP-OFDM, if Rel.16 DMRS is configured by RRC, it only applies when scheduled by DCI formats 0_1 and 1_1 or with a PUSCH transmission with configured grant.
· Note: It is up to the editor whether/how to capture this agreement

Agreement
If Rel-16 DMRS is configured by RRC for PUSCH with pi/2 BPSK modulation, the Rel-16 DMRS applies when scheduled by DCI formats 0_1 and 0_0 and using at least C-RNTI, CS-RNTI, SP-CSI-RNTI and MCS-C-RNTI, when applicable or PUSCH transmission with configured grant
· Search space for DCI format 0_0: Rel-16 DMRS for at least USS is supported

Agreement
The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement

Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
Note: Qualcomm showed strong concern on the benefits of pi/2 BPSK due to this agreement

Agreement
· For PUSCH DMRS with pi/2-BPSK modulation, two RRC parameters ScramblingID0 and ScramblingID1 can be configured by RRC as for CP-OFDM DMRS (16 bit per ID)
· Used in cinit for length ≥30 as n_ID^{n_SCID=0}, n_ID^{n_SCID=1}
· For length<30, these parameters are used as N_ID^PUSCH is configured as either ScramblingID0 or ScramblingID1 depending on DCI
· DCI indicates n_SCID={0,1} dynamically, without increasing DCI size to select the above parameter
· Antenna port indication is re-used for n_SCID indication as follows:
· DMRS port 1000,1002,1004 and 1006 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=0
· DMRS port 1001,1003,1005 and 1007 are interpreted as port 1000,1002,1004 and 1006, respectively, with n_SCID=1

Agreement
· Rel.16 DMRS is not supported for MSG3 transmissions, Rel.15 behavior is used for MSG3


Based on the above agreement, this contribution reveals our views on the remaining issues on the low PAPR RS. We firstly discuss length-6 8-PSK computer generated sequence design for low PAPR and then describes the power imbalance issue with an effective solution for this problem.
Discussion on Low PAPR RS
Length-6 8-PSK CGS
[bookmark: _GoBack]In the 3GPP RAN1 Ad-Hoc1901 meeting, it was agreed to support 8-PSK length-6 CGS (Computer Generation Sequence) for DFT-s-OFDM system since the number of binary sequences would not be enough to compose 30 DMRS base sequences. On off-line email discussion entitled “[RAN1#96bis Xian][Low PAPR RS]”, the length-6 8-PSK sequence design was classified as follows:
	· Alt.1 pre-DFT block-OCC [X -X] and use length N  DFT and a single sequence set X
· Property: AC,XC,PAPR different for the two combs (due to [X X] and [X -X])
· A single sequence set X design may take into account AC,XC and PAPR for both the XX and the X -X mapping, i.e. for mapping to any of the two combs
· Alt.2 Rel-15 Type 1 Mapping with a single sequence set X, i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Property: AC,XC same on both combs, PAPR different for the two combs
· Mapping to 2nd  comb can be implemented either pre-DFT (by applying exp(j*2*pi*n/N))  or post-DFT (direct mapping to 2nd comb)
· A single sequence set X may be designed independently of which comb is assumed with respect to XC,AC properties since resulting XC and AC will be the same for each  comb
· However, the single sequence set X may be designed to take into account PAPR for mapping to any of the two combs since PAPR will differ between the two combs assuming  same FDSS filter
· Alt.3 With two different sequence sets X1 and X2 to be used use for first and second comb respectively, further categorized into
· Alt.3-a:  As in Alt.1 where instead two sequence sets X1 and X2 are designed for use as [X1 X2] or [X2 -X2] for the two combs respectively in order to optimize XC,AC and PAPR per comb
· Alt.3-b:  As in Alt.2 where instead two sequence sets X1 and X2 are designed for each of the two combs respectively in order to optimize XC,AC  and PAPR per comb
· Alt.4 Pre-DFT symbol level OCC and use length N  DFT (e.g. [++++…], [+-+-+-+-]) 
· See R1-1901792


Our preference is Alt.2 and we believe that the length-6 DMRS sequences need to be carefully determined taking into account several criterions such as cross-correlation, auto-correlation characteristic, and PAPR performance. In our view, for both antenna ports of Rel-16 PUSCH DMRS, the length-6 CGS should provide good PAPR performance not only when using a certain FDSS filter but also when not using FDSS filters considering the case where a specific FDSS filter is not used at the UE side. Based on this, we propose a set of DMRS sequences in Table 1 before DFT-spread in the DFT-s-OFDM system. In this table,  denotes the sequence index and the modulation symbol is generated with . We assumed a FDSS filter corresponding to the time-domain response of [0.28, 1.0, 0.28].

[bookmark: _Ref1084152][bookmark: _Ref1118398]Table 1. A set of 8-PSK length-6 sequences
	
	Sequences 
	PAPR [dB] for port 0 with FDSS filter
	PAPR [dB] for port 1 with FDSS filter
	PAPR [dB] for port 0 without FDSS filter
	PAPR [dB] for port 1 without FDSS filter

	1
	-7  -5  -1  -7  -5   5
	1.5917
	1.1343
	1.8125
	1.8125

	2
	-7  -3  -7  -3   5   1
	1.1298
	1.5228
	1.6323
	1.6323

	3
	-7  -3  -5  -1   5   1
	1.5775
	1.8365
	2.1090
	2.1090

	4
	-7  -3  -5  -1   7   3
	1.5775
	1.8365
	2.1090
	2.1090

	5
	-7  -3   1  -5   5   3
	1.6229
	1.8270
	2.1422
	2.1422

	6
	-7  -3   1  -3   7   3
	1.2715
	1.8500
	2.2025
	2.2025

	7
	-7  -3   1   7   3  -1
	1.4188
	1.8577
	1.3790
	1.3790

	8
	-7  -1  -5   3  7   5
	1.5775
	1.8365
	2.1090
	2.1090

	9
	-7   1  -3   1   5   1
	1.8693
	1.7879
	2.0393
	2.0393

	10
	-7   1  -3   3   7   5
	1.5775
	1.8365
	2.1090
	2.1090

	11
	-7   1   5   1  -3   1
	1.8762
	1.7764
	1.9936
	1.9936

	12
	-7   3  -5  -1  -3   1
	1.8318
	1.2377
	1.4984
	1.4984

	13
	-7   3   1  -7  -3   1
	1.7805
	1.5540
	1.8564
	1.8564

	14
	-7   3   1  -5   1   3
	1.8712
	1.8673
	1.1808
	1.1808

	15
	-7   3   1   5  -1   3
	1.7987
	1.8941
	2.2224
	2.2224

	16
	-7   3   5  -1   3   5
	1.5780
	1.1347
	1.8558
	1.8558

	17
	-7   3   5   7   1  -3
	1.6121
	1.9126
	1.2472
	1.2472

	18
	-7   5  -7  -3   3  -1
	1.2715
	1.8500
	2.2025
	2.2025

	19
	-7   5  -5  -1  -3   1
	1.5769
	1.8271
	2.1872
	2.1872

	20
	-7   5  -5  -1   3  -1
	1.3007
	1.8495
	2.2771
	2.2771

	21
	-7   5  -3   1  -3   1
	1.1521
	1.5386
	1.6826
	1.6826

	22
	-7   5  -3   1  -1   3
	1.5886
	1.8200
	2.1604
	2.1604

	23
	-7   5  -1  -5  -1   3
	1.3064
	1.8552
	2.2758
	2.2758

	24
	-7   5   1  -7  -3   1
	1.6825
	1.7349
	1.5684
	1.5684

	25
	-7   5   1  -5  -1   3
	1.4188
	1.8577
	1.3790
	1.3790

	26
	-7   5   1   7  -5  -1
	1.3980
	1.8686
	1.4299
	1.4299

	27
	-7   7  -5   1  -3   5
	1.5886
	1.8200
	2.1604
	2.1604

	28
	-7   7  -5   3  -1   5
	1.5769
	1.8271
	2.1872
	2.1872

	29
	-7   7   1  -7  -3   1
	1.7795
	1.5824
	1.8210
	1.8210

	30
	-7   7   1  -5  -1   3
	1.6275
	1.8289
	2.0924
	2.0924
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[bookmark: _Ref1085307]Figure 1. PAPR performance for the proposed length-6 sequence set given in Table 1 and the sequence sets provided by companies through 3GPP RAN1 NR (offline) email discussion [RAN1#96bis Xian][Low PAPR RS].
In Figure 1, we compared the PAPR performance of the proposed sequence set considering FDSS filter of [0.28, 1, 0.28] with other sequence sets provided by several companies in 3GPP RAN1 NR email discussion “[RAN1#96bis Xian][Low PAPR RS]” (shared by ‘m’ file according to the feature lead’s guideline). The proposed sequence set shows the similar PAPR performance in case of using the FDSS filter while it shows better performance when FDSS filter is not used. For the proposed sequence set, the maximum values of auto-correlations corresponding to [+1, -1] lags and [+3, +2, +1, -1, -2, -3] lags are respectively less than 0.2357, and 0.80474.
Proposal 1:
· NR Rel-16 supports the length-6 DMRS sequence set given in Table 1 for DFT-spread OFDM data transmission.


Power imbalance issue
Multiple companies have shared the power imbalance problem that needs to be addressed, and this issue has been actively discussed, but we could not reach a common view on how to address the power imbalance issue. Thus, we suggest a solution by simply modifying the current OCC mapping pattern, where this approach has been well adopted in LTE as well.
More specifically, when the DMRS ports are multiplexed using time domain OCC, transmission power of the two DMRS OFDM symbols can be different each other. Figure 2 shows this power imbalance problem when four DMRS ports are multiplexed in the same comb, in case of DMRS configuration type 1. When OCC mapping pattern in Figure 2 is used to multiplex port 0, 1, 4, and 5, the average transmission power of each OFDM symbol can be different in the worst case where, for example, the precoding weights of all transmit layers at the n-th transmit antenna are the same.
[image: ]

[bookmark: _Ref534929669]Figure 2. DMRS transmit power imbalance


To address this power imbalance issue, we propose a modified OCC mapping pattern shown in Figure 3, in which time domain OCC mapping of  and  is alternatively applied. As a result, it ensures peak power randomization over 2 RBs for type 1 and 1 RB for type 2, even in the case where the precoding weights of all transmit layers at the n-th transmit antenna are the same.
[image: ]
[bookmark: _Ref534929900]Figure 3. An illustrative example of the modified OCC mapping pattern to address power imbalance issue
Proposal 2:
· Rel-16 NR should introduce a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 3

Conclusion
We summarize our proposal as follows:
Proposal 1:
· NR Rel-16 supports the length-6 DMRS sequence set given in Table 1 for DFT-spread OFDM data transmission.
Proposal 2:
· Rel-16 NR should introduce a modified time domain OCC mapping pattern to address the power imbalance issue.
· 

E.g.,  and  can be alternatively applied shown in Figure 3.

References
[1] Chairman’s Notes 3GPP RAN1 #96 meeting 2019 Feb.
oleObject1.bin

image4.wmf
ba

dc

éù

êú

ëû


oleObject2.bin

image5.png
Proposed OCC mapping DMRS transmit power
pattern for type 2
RB n+1]

Proposed OCC mapping DMRS transmit power
pattern for type 1




oleObject3.bin

oleObject4.bin

oleObject5.bin

oleObject6.bin

image1.emf
1.5 2 2.5 3 3.5 4 4.5 5

PAPR

0

 [dB]

10

-1

10

0

P

r

o

b

a

b

i

l

i

t

y

(

P

A

P

R

>

P

A

P

R

0

)

Port 0: PAPR with FDSS filter (Proposed)

Port 1: PAPR with FDSS filter (Proposed)

Port 0: PAPR without FDSS filter (Proposed)

Port1: PAPR without FDSS filter (Proposed)

Port 0: PAPR with FDSS filter (Ericsson)

Port 1:PAPR with FDSS filter (Ericsson)

Port 0: PAPR without FDSS filter (Ericsson)

Port 1:PAPR without FDSS filter (Ericsson)

Port 0: PAPR with FDSS filter (Qualcomm)

Port 1: PAPR with FDSS filter (Qualcomm)

Port 0: PAPR without FDSS filter (Qualcomm)

Port 1: PAPR without FDSS filter (Qualcomm)

Port 0: PAPR with FDSS filter (Intel)

Port 1: PAPR with FDSS filter (Intel)

Port 0: PAPR without FDSS filter (Intel)

Port 1: PAPR without FDSS filter (Intel)


image2.jpeg
OFDM symbol

sC
a b c d
T Port 0
11 =1 1| | Port1
T =11 =1 | porta
1=t -1 Port 5

Time & frequency OCC for DMRS ports OCC mapping pattern DMRS transmit power




image3.wmf
ab

cd

éù

êú

ëû


