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Introduction
3GPP NR Rel 15 supports π/2-BPSK modulation with spectral Shaping for uplink DFT-s-OFDM for both control and data channels and ZC/QPSK based computer generated sequences (CGS) are used as DMRS sequences mentioned in TR 38.211 Clause 5.2.2 for coherent detection.
In RAN plenary meeting #80, the following WI is agreed: 
“Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15).”
Some relevant agreements from RAN1 meetings are shown below
Agreement
For length 12,18, and 24 respectively, NR Rel-16 supports the binary CGS in the Table C1, C2, and C3 respectively followed by pi/2 BPSK modulation followed by DFT as DMRS sequence for π/2 BPSK modulation for both PUSCH and PUCCH.
· The above is applicable to single-symbol DMRS configuration
· FFS: CGS for two-symbol DMRS configuration
Table C1, C2, and C3 can be found in R1-1901362
Agreement:
For length 6 CGS; 8-PSK is used. Decide the associated sequences in the next RAN1 meeting	
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.
Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
The following alternatives are being discussed over RAN1 email group for length-6 low PAPR DMRS sequence design 
· Alt.1 pre-DFT block-OCC [X -X] and use length N DFT
· Alt.2 Rel-15 Type 1 Mapping i.e., sequence X in time domain gives same frequency domain sequence on both combs
· Alt.3 Y is mapped to second comb after length N/2 DFT, where Y is different sequence set compared to X used for first comb
· Alt. 4 pre-DFT symbol level OCC and use length N DFT (e.g. [++++…], [+-+-+-+-])
In this contribution, we discuss the pros and cons of the above alternatives and then propose an alternate method which is better in terms of PAPR and BLER compared to all the above alternatives. 
Motivation
Current Rel-15 specification doesn’t mention clearly about the transmitter and spectrum shaping implementation of the pi/2 BPSK data and ZC sequence (in Rel-15) and for the pi/2 BPSK DMRS in (Rel-16 agreements). If pi/2 BPSK transmitter specification for PUSCH and PUCCH is not defined clearly, it may cause different transmitter implementations among different UEs and imperfect receiver implementations especially for the case of PUSCH SU MIMO and PUSCH with MU MIMO where multiple ports/combs are used to support MU-MIMO. Furthermore, when transmitter is not implemented correctly, it will impact the PAPR on different combs/ antenna ports. It will also impact the channel estimation performance which affects data demodulation. 
It was observed by several companies that this issue is not significant for longer length DMRS sequences such as 12, 18 and 24 and that the currently agreed sequences for these lengths will be used irrespective of the comb/port. However, this issue becomes prominent for length-6 DMRS sequence design. Therefore, several alternatives for the time domain sequence mapping on different combs/ports is being discussed. 
Note that 3GPP specification design should be such that that the effective impulse response of the channel and the filter must be the same (under noiseless conditions and without channel imperfections) on both the DMRS and PUSCH data (note that this is not an issue for PUCCH as only single port is supported). Else, data cannot be demodulated faithfully. This principle should be maintained throughout the design irrespective of the alternative chosen for the length-6 sequence design. We however noticed that this is not the case for the alternatives being proposed by several companies. Below we discuss the pros and cons of the alternatives mentioned earlier.
Alt 1: Different PAPR and different auto correlation (AC), cross-correlation (XC) on both the combs/ports is observed for a given time domain sequence. Specifically, we observed that the sequences provided by the companies for this alternative may have same PAPR on both combs only on an average, but per sequence the PAPR is found to be considerably different on both the combs.
Alt 2: The same sequence can be used for both combs and hence AC and XC will be same on both the ports/combs. But the PAPR is significantly different on both the combs because of the way filter is being applied on the two combs/ports. Further this method will lead to BLER performance loss (as shown later in this contribution in Figs [4], [5]) if the channel estimation is not done properly (explained in Section 3 via simulation results and Appendix 4, 5 in this document). 
Alt 3: Different sequences are proposed for different ports/combs to ensure same PAPR, XC and AC. The channel estimation needs to be done properly on each comb to avoid any performance loss. In addition, this method needs additional signalling to indicate a different sequence for each comb/port which is not preferred. 
Alt 4:  We observed that the PAPR, XC and AC of the sequence son both combs are different for the sequences given by the companies. 
From the above, it is clear that each of the above alternatives either results in a different PAPR and/or different BLER performance on both ports/combs. Some of these alternatives also have different XC and AC on different ports/combs. 
Some companies also proposed that the FDSS can be changed in an implementation specific manner in order that the PAPR on two combs will remain the same. We however observe that it is also not practically feasible to leave the FDSS design to the UE wherein the UE may independently apply an FDSS on each comb separately in order to minimize the PAPR. This will create confusion at the receiver side as to what type of estimation procedure to follow in order to decode a specific comb PUSCH data. 
To overcome the challenges of the above proposed alternatives, we present a transmitter technique wherein all combs/ports have same PAPR (that is approximately equal to PUSCH PAPR) for any given sequence. This will also address the PUSCH demodulation issue and eliminate any receiver confusion and thereby result in same BLER performance on both combs.
Transmission techniques for pi/2 BPSK PUSCH and associated DMRS
Here, we describe the transmission technique for PUSCH data and the associated DMRS. Specifically, we propose a method using which DMRS on any comb will have same PAPR and result in same BLER performance irrespective of the time-domain sequence used. We also explain the transmission method used in Alt -2 (mentioned in previous section) as we have seen that several companies have submitted sequences for the same. 
Transmitter Method for PUSCH Data
The following are the steps to be followed for generation of PUSCH data (same method irrespective of the combs used for the DMRS)–
a) Generate PUSCH data pi/2 BPSK symbols of length “M”.
b) Take M-point DFT of the data
c) Take M-point DFT of the filter F. As an example, F = [-0.28 1 -0.28].
d) Multiply the M-point DFT of filter F and M-point DFT of PUSCH data.
e) Map this output to the 4096-point sub carrier grid and then take the 4096-point IFFT, to generate time domain PUSCH signal. 
Proposed Transmitter Method for DMRS
The following are the steps to be followed for generation of DMRS–
a) Generate a DMRS sequence (pi/2 BPSK or 8PSK) of length M/P; where P is the number of antenna ports supported/combs supported. Denote this sequence by Xp for comb=p. Example length for M/P is 6, 12, 18, 24, 30 and so on.
b) Let F be the filter used for spectral shaping. As an example, F = [-0.28 1 -0.28]. (Another alternative for F is a 2-tap filter: [1 -1]. This method has least/negligible Tx implementation complexity and requires only 2-taps to be estimated at receiver).  Perform time domain circular convolution on Xp using F. The output length is M/P. Denote this sequence as Yp.
c) Perform M/P point DFT of Yp. Denote this sequence as Zp. 
d) Map Zp to the appropriate comb p on the sub-carrier grid, denote this mapped sequence on a 4096-grid as Mp. 
e) Take 4096-point IFFT of Mp to generate the time domain signal S(t).
In this method, the PAPR of a sequence is the same irrespective of the comb-p that the sequence is mapped to. Figures 1 and 2 show the CDF plots of the sample power to average power of each time domain sample for length 6 sequence, for example taken from [1] (as a matter of fact,  any sequence submitted by companies on the email discussion will show same behaviour) and the agreed length 12 sequences in RAN1 in [2], for two combs (it has already been agreed in Rel-16 to support only 2-ports for pi/2 BPSK ([3]).  It can be seen that the PAPR is the same for both the combs.  
The above mentioned method can be equivalently implemented in frequency domain as follows:
a) Generate a DMRS sequence (pi/2 BPSK or 8PSK) of length M/P; where P is the number of antenna ports supported/combs supported. Denote this sequence by Xp for comb=p. 
b) Perform M/P point DFT of Xp. Denote this sequence as Yp. 
c) Let F be the filter used for spectral shaping. As an example, F = [-0.28 1 -0.28]. Perform M/P point DFT of F denoted as Sp. The output length is M/P. Multiply element by element Yp and Sp, the output is denoted as Zp.
d) Map Zp to the appropriate comb p on the sub-carrier grid, denote this mapped sequence on a 4096-grid as Mp. 
e) Take 4096-point IFFT of Mp to generate the time domain signal S(t).
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Figure 1: CCDF of the power to average power ratio for comb-1 and comb-2 for length 6 sequences from [1], when proposed method is used for DMRS generation.
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Figure 2: CCDF of the power to average power ratio for comb-1 and comb-2 for length 12 sequences agreed in 3GPP [2], when the proposed method is used for DMRS generation.
Now, coming to channel estimation, we present an illustrative simple example wherein the filter is [-02.8 1 -0.28] and the propagation channel tap h(n) is taken to be 1. We should be able to reconstruct this effective channel at the receiver under a no-noise condition. This is shown in Appendix 4.
 Observation 1: The proposed transmission method has the same PAPR for different combs/antenna ports. Further the channel estimates are identical on each comb/port when this method is used.

Alt-2 based Transmission Method for DMRS
The following is our understanding about the transmission method used by different companies (deduced after seeing the performance results from several companies’ contributions) –
a) Generate a DMRS sequence (pi/2 BPSK or 8PSK) of length M/P; where P is the number of antenna ports supported/combs supported. Denote this sequence by Xp for comb=p. Example length for M/P is 6, 12, 18, 24, 30 and so on.
b) Perform M/P point DFT of Xp. Denote this sequence as Yp. 
c) Map Yp to the appropriate comb p on length “M” grid. 
d) Let F be the filter used for spectral shaping. As an example, F = [-0.28 1 -0.28]. Take “M” point DFT of the filter (note that this is independent of the comb used) and multiply this with Yp. Denote output sequence as Mp. Note here that the mapping of Yp is different for different combs but the filter is same on M-point. So different combs get multiplied with different coefficients.
e) Map Mp to a 4096 sub-carrier grid and then take 4096-point IFFT of Mp to generate the time domain signal S(t).
In this method, the PAPR of a DMRS sequence varies based on the comb-p that the sequence is mapped to. Figures 1 and 2 show the CDF plots of the sample power to average power of each time domain sample for length 6 sequence from [1] and the agreed length 12 sequences in RAN1 [2], for two combs (it has already been agreed in Rel-16 to support only 2-ports for pi/2 BPSK [3]). It can be seen that the PAPR is different for both combs. 
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Figure 3: CCDF of the power to average power ratio for comb-1 and comb-2 for length 6 (left side figure) and length-12 sequences (right side figure) agreed in 3GPP RAN1 [3] when Alt-2 based transmitter method is used for DMRS generation.
Further, this method has an even bigger problem – channel estimation at the receiver. Note that as mentioned earlier, the estimated channel observed on the DMRS and PUSCH must be same for the data to be demodulated properly. However, comb-2 shows a phase rotated channel estimate due to the difference in the filter coefficients being applied on comb-2 compared to comb-1. This is shown in Appendix 5.
Unless this phase rotation is accounted at the receiver, the phase of the channel observed on the PUSCH data and the channel estimated on the DMRS will have a 30-degree phase difference (in a noiseless condition). 
Link level simulation comparison 
In this section, we present the PUSCH BLER performance for the proposed transmission method for DMRS and the method in Alt-2. 
Figures 4 and 5 show the LLS performance on comb1 and comb2 with a TDLC-300ns channel for 2, 4 Rx antennas. A 6 length sequence provided in [1] is randomly selected for the analysis. It can be seen from the figures that with the proposed transmission method the block error performance is identical on both the combs whereas when using Alt-2 if the phase difference between PUSCH data and the estimated channel (discussed in Appendix 5) on comb2 is not corrected, there will be a considerable performance loss on Comb2 (this performance was generated assuming purely frequency domain channel estimation).  
The simulation assumptions are shown in Appendix 6.
[image: ]
Figure.4 LLS Performance of a 6-length sequence on Comb1 and Comb2 with the proposed transmission method
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Figure.5: LLS Performance of a 6-length sequence on Comb1 and Comb2 with Alt-2 transmission method

Hence Alt-2 may not be preferred for DMRS transmission. Along similar lines, the other alternatives also have BLER or PAPR or XC or AC issues. Hence the proposed transmission method should be adopted irrespective of the sequences chosen for length-6 (or for that matter any sequence length <30 or >30). 
Observation 2: Alt-2 transmission method shows different PAPR for different combs/antenna ports. Further the channel estimation ambiguity exists at the receiver when this method is used without being explicitly specified.
Observation 3: The proposed DMRS transmission method generates same PAPR and results in same BLER performance on any port/comb irrespective of the sequence used. 

Proposal 1: Specify the generation of DMRS procedure when spectrum shaping is employed for the case of pi/2 BPSK PUSCH. Specifically, specify the proposed transmission method with an implementation specific filter coefficients for any sequence length <30 or >30.

Below we show the text in TS 38.211 that can capture the above proposal
6.4.1.1.1.2	Sequence generation when transform precoding is enabled
For Rel-16, if transform precoding for PUSCH is enabled, the reference-signal sequence  shall be generated according to



where a(m) are the coefficients of the spectrum shaping filter defined in Section 6.4.2.4.1 in TS 38.101-1 and Section 6.4.2.5 in TS 38.101-2, whereand  is given by clause 5.2.2 with  and  for a PUSCH transmission.
Appendix – Examples for Proposed DMRS transmission method 
The below is the transmitter Matlab code for the proposed dmrs transmission method. 

[bookmark: _GoBack]h=1; %single tap channel
filter=[-0.28 1 -0.28]; %time domain filter coefficients
M=12; % sequence length
P=2; % number of ports
h_method_1=fft(h,M/P).*fft(filter,M/P); % shaping
h_method_1_comb_1=zeros(1,M);
h_method_1_comb_2=zeros(1,M);
h_method_1_comb_1(1:2:end)=h_method_1; % mapping
h_method_1_comb_2(2:2:end)=h_method_1; % mapping
h_method_1_comb_1_ifft=ifft([h_method_1_comb_1 zeros(1, 4096-12)],4096);
h_method_1_comb_2_ifft=ifft([h_method_1_comb_2 zeros(1, 4096-12)], 4096);

At the receiver, the following are the channel impulse responses estimated on both combs
Comb-1 is equal to comb-2 i.e., [ -0.28 1 -0.28].
Appendix – Examples for Alt-2 based DMRS transmission method
The below is the transmitter Matlab code for alt-2 based DMRS transmission method. 
h=1;
filter=[-0.28 1 -0.28];
M=12;
P=2;
h_method_2=fft(h,M/P);
h_method_2_comb_1=zeros(1,M);
h_method_2_comb_2=zeros(1,M);
h_method_2_comb_1(1:2:end)=h_method_2;
h_method_2_comb_2(2:2:end)=h_method_2;
h_method_2_comb_1_fdss=h_method_2_comb_1.*fft(filter,M);
h_method_2_comb_2_fdss=h_method_2_comb_2.*fft(filter,M);
h_method_2_comb_1_ifft=ifft([h_method_2_comb_1_fdss zeros(1,128-12)],128);
h_method_2_comb_2_ifft=ifft([h_method_2_comb_1_fdss zeros(1,128-12)],128);

At the receiver, the following are the channel impulse responses estimated on both combs
Comb-1=[-0.28 1 -0.28] 
Comb-2= [-0.28  0.866 + 0.50i -0.140- 0.242i]
Note that the channel impulse response estimated on both combs are different. Furthermore, below shown is the phase difference (in degrees) between the two channel impulse responses (on two combs) 
Angle(channel estimate comb-1/channel estimate comb-2) = [-0   -30  -60] degrees
Note the significant phase difference (phase ramp) between the two channel estimates. If this is not corrected, then the data demodulation gets impacted. 
Appendix – Link Level simulation parameters 

	System bandwidth
	20 MHz

	Numerology
	15 KHz SCS

	Channel
	TDL-C 300ns,AWGN

	Number of Antennas
	UE Tx=1, gNB Rx = 2, 4

	PUSCH duration
	13 OFDM symbols, with one front-loaded DMRS symbols symbol

	Number of UEs
	1 UE

	# RBs for PUSCH
	1 RB

	Coding 
	NR LDPC 

	Receiver 
	MMSE receiver
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