[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #95	                                                	            R1-1813892
Spokane, USA, November 12th – 16th, 2018
[bookmark: DocumentFor]	
	Source
	:
	Intel Corporation

	Title
	:
	Low PAPR Reference Signals

	Agenda Item
	:
	7.2.8.5

	Document for
	:
	Discussion and Decision



Introduction
This paper is an updated version of R1-1812510. In this paper, we present low-PAPR DMRS design for Rel-16 NR. The following working assumption was made in RAN WG1 #94-bis [4]:

	
Working Assumption
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol
· Whether is it in scope of WI and if so, whether to specify a solution




Based on the above working assumption, in this paper, we provide Rel-16 NR DMRS design options aimed at reducing the PAPR to the level of data for CP-OFDM based PDSCH/PUSCH and DFT-S-OFDM based modulated PUSCH and PUCCH (Formats 3 and 4). 

DMRS PAPR Reduction for CP-OFDM Based PDSCH/PUSCH
In this section, based on the working assumption on CP-OFDM based Type 1 DMRS PAPR reduction [4], we provide additional details on how the signalling and configuration of such DMRS can be implemented in practice with special consideration for maximum possible backward compatibility with Rel-15 NR DMRS and also allowing dynamic TRP selection. 
Type 1 DM-RS



For this case, implicit derivation of the CDM-group specific based on the signaled can be used. More specifically, the original Rel-15  can be used for the first CDM-group (ports 0 and 1 for one symbol DMRS and ports 0, 1, 4 and 5 for 2 symbol DMRS) i.e.,

.


In this case, the scrambling ID  is signaled using DCI 0_1 for UL and 1_1 for DL with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI. For the second CDM-group (ports 2 and 3 for one symbol DMRS and 2, 3, 6 and 7 for two symbol DMRS), the following can be used 



Note that a single binary can be used to implicitly derive the initialization for both CDM-groups and that both initializations are same as in Rel-15 NR. 






For multi-TRP operation or dynamic TRP switching, the UE can be configured with for one TRP and for another TRP. Such a solution would incur no additional RRC impact compared to Rel-15 NR. Furthermore, this solution preserves the maximum possible backward compatibility with Rel-15 NR DMRS. If this approach is adopted, then based on the value of signaled, Rel-15 UEs can be easily multiplexed in the same CDM group as a Rel-16 UE. For CDM group 1, the Rel-16 UEs which use the same can be multiplexed with Rel-15 UEs. For CDM-group 2, Rel-16 UEs which use the other  can be multiplexed in the same CDM-Group. This preserves backward compatibility to a large degree while allowing higher order MU-MIMO. 


For the case of default DMRS configuration by DCI formats 1_0 for DL and 0_0 UL or DMRS configuration using DCI formats with CRC scrambled by RNTIs other than C-RNTI, CS-RNTI or MCS-C-RNTI, the UE can use the same initialization as in legacy Rel-15 NR with the default value of .
DMRS PAPR Reduction DFT-s-OFDM based -BPSK Modulated PUSCH/PUCCH
DMRS PAPR Reduction for PUSCH 




For DFT-s-OFDM based PUSCH where modulation is used, the DMRS sequence can be a binary sequence generated in the time domain. If this design is followed, the binary sequence is then modulated using a constellation. The mapping of the binary sequence  to sequence is defined according to the following equation:

 .


The modulated sequence is then DFT-spread to produce the length L complex sequence which mapped to the allocated subcarriers in the frequency domain. The mapping of the sequence samples is based on NR Type 1 DMRS and is as follows:





where j can take any one of the values i.e., rank-1 transmission from UE perspective. The values of  are specified in [1], Table 6.4.1.1.3-1. The physical structure of Type 1 DMRS is shown in Figure 1. Additional details of Type 1 DMRS mapping for /2 BPSK modulated DFT-S-OFDM DMRS are provided in Appendix A.
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[bookmark: _Ref528943972]Figure 1: Type 1 DMRS Structure

Alternative design options where the DMRS sequence is generated in time from generalized M-PSK constellations or in frequency domain from generalized M-PSK constellation can also be used. 

In general, irrespective of time/frequency domain sequence generation, the method for DMRS sequence generation is dependent on length in PRBs of the frequency domain resource allocation as follows:
1. Case I (Small Resource Allocation 1-4 PRBs): Computer generated sequences are used.
2. Case II (Larger Resource Allocation of 5 PRBs and more): Pseudo Random (PN) sequences based on Gold Code are used. 
[bookmark: _Ref529457842]Small Resource Allocation (1-4 PRBs)
For the case of small resource allocation of 1-4 PRBs, based on the structure of the Type 1 DMRS as proposed in the previous section, CGS sequences of length 6, 12, 18 and 24 corresponding to 1, 2, 3 and 4 PRB allocation respectively are needed. 


The advantage of using Zadoff-Chu sequence or frequency domain QPSK CGS sequences in Rel-15 NR and LTE is attributed to the fact that these sequences are constant modulus in frequency domain i.e., they have flat frequency response leading to superior channel estimation performance across all (even extremely large) delay spreads. However, the major drawback is that even after application of frequency domain spectrum shaping (FDSS), the PAPR of these sequences is relatively higher compared to modulated DFT-s-OFDM data. However, designing good PAPR sequences leads to non-flat frequency response which adversely impacts channel estimation performance. Therefore any sequence design needs to optimize over these opposing objectives.


In order to reduce the DMRS PAPR to the level of data as required by the working assumption, the DMRS can be generated in the time domain and modulation can be used. In the following, we propose a set of CGS sequence with good frequency domain properties and as well as good PAPR performance when compared to data. The sequences are as follows:
 
Table 1: Length 6 CGS Sequence
	#
	Binary Sequence
	PAPR

	1
	     0     1     1     1     1     1
	    1.4753

	2
	     1     1     1     0     0     1
	    0.9982

	3
	     0     1     0     0     1     1
	    1.1927

	4
	     1     0     1     1     1     1
	    1.4450

	5
	     0     0     1     0     0     1
	    0.7709

	6
	     0     1     0     1     0     1
	    1.9329

	7
	     1     0     0     1     0     1
	    1.0226

	8
	     0     1     0     1     1     1
	    1.5200

	9
	     1     0     0     0     1     1
	    0.7733

	10
	     1     1     1     1     0     1
	    1.5782

	11
	     0     0     1     1     1     1
	    1.1354

	12
	     1     1     0     1     1     1
	    1.4457

	13
	     1     1     0     1     0     1
	    1.6140

	14
	     0     0     1     0     1     1
	    1.1906

	15
	     1     0     1     1     0     1
	    0.7836

	16
	     1     0     1     0     0     1
	    0.9694

	17
	     1     0     0     1     1     1
	    0.9162

	18
	     0     1     1     1     0     1
	    1.5951

	19
	     1     0     1     0     1     1
	    1.5028

	20
	     1     1     1     1     1     1
	    1.7210

	21
	     0     0     1     1     0     1
	    1.1887

	22
	     1     0     0     0     0     1
	    1.0016

	23
	     0     0     0     0     1     1
	    1.2340

	24
	     0     0     0     1     1     1
	    0.7900

	25
	     0     1     1     0     1     1
	    0.7552

	26
	     1     1     0     0     0     1
	    0.8306

	27
	     0     1     0     0     0     1
	    1.6034

	28
	     0     1     1     0     0     1
	    1.0078

	29
	     1     1     1     0     1     1
	    1.4589

	30
	     1     1     0     0     1     1
	    1.1195



Table 2: Length 12 CGS Sequence
	#
	Binary Sequence
	PAPR

	1
	     0     0     1     0     0     1     1     1     1     1     1     1
	    1.0253

	2
	     1     1     0     1     0     1     1     0     0     0     1     1
	    1.1817

	3
	     0     1     0     0     1     0     0     1     0     1     0     1
	    1.3548

	4
	     0     0     1     0     1     0     0     1     1     0     1     1
	    1.2126

	5
	     1     0     0     0     1     1     1     0     1     0     1     1
	    1.2811

	6
	     0     0     0     0     0     0     0     1     0     1     1     1
	    1.1579

	7
	     0     0     1     1     1     1     1     0     1     0     0     1
	    0.7693

	8
	     0     0     0     1     1     1     1     1     0     0     0     1
	    1.1852

	9
	     0     0     0     0     1     1     0     0     1     0     0     1
	    1.3594

	10
	     1     0     0     0     1     0     0     0     1     1     1     1
	    1.1349

	11
	     1     0     0     1     0     1     0     0     0     1     0     1
	    1.4975

	12
	     1     1     1     0     0     0     1     0     1     1     1     1
	    1.4738

	13
	     1     0     1     0     0     0     1     1     1     0     0     1
	    0.9882

	14
	     0     1     1     1     1     0     1     0     1     1     1     1
	    1.7127

	15
	     0     1     1     0     1     0     0     0     1     0     0     1
	    0.9254

	16
	     0     1     1     1     0     1     0     1     1     0     1     1
	    1.2061

	17
	     1     0     1     0     0     1     0     1     1     0     1     1
	    0.9334

	18
	     1     1     0     0     1     1     1     1     0     1     0     1
	    1.4995

	19
	     1     0     0     0     1     0     0     0     0     0     1     1
	    1.1643

	20
	     1     0     1     0     0     0     0     0     1     1     0     1
	    0.7859

	21
	     0     1     0     1     0     0     1     0     1     0     0     1
	    0.8722

	22
	     0     0     1     1     0     0     0     0     1     0     0     1
	    1.3498

	23
	     1     0     0     1     0     0     1     1     1     1     1     1
	    0.9996

	24
	     0     1     1     0     0     0     0     0     1     1     0     1
	    0.7427

	25
	     0     1     1     1     0     1     0     0     1     1     0     1
	    1.5378

	26
	     0     1     0     0     1     1     0     1     1     0     0     1
	    1.2242

	27
	     1     1     1     1     0     1     1     0     0     1     0     1
	    1.2995

	28
	     0     1     0     0     1     0     0     0     1     0     1     1
	    1.0183

	29
	     1     0     1     0     1     1     1     1     0     0     0     1
	    1.2080

	30
	     1     1     1     0     0     1     1     1     0     1     0     1
	    1.3026


	
Table 4: Length 18 CGS Sequence
	#
	Binary Sequence
	PAPR

	1
	     0     0     0     1     0     0     1     0     0     1     0     0     0     1     1     1     1     1
	    1.0435

	2
	     1     0     0     1     1     1     1     1     1     1     0     0     1     1     0     1     0     1
	    1.2188

	3
	     0     0     1     0     1     0     1     0     0     1     1     0     0     0     0     0     1     1
	    1.2523

	4
	     1     1     0     0     1     0     1     1     1     0     1     0     0     1     1     1     0     1
	    1.1078

	5
	     1     0     0     1     0     0     1     1     1     1     1     0     1     0     1     1     1     1
	    1.3453

	6
	     0     1     0     0     1     1     1     0     0     1     0     1     0     0     0     0     0     1
	    1.3865

	7
	     1     0     0     0     0     1     0     0     0     0     1     1     0     1     1     1     0     1
	    1.1227

	8
	     1     1     1     1     0     0     0     0     1     0     0     0     1     0     0     0     0     1
	    1.1765

	9
	     1     1     1     0     0     0     0     1     0     0     0     1     0     0     0     0     1     1
	    1.1976

	10
	     1     0     1     1     1     0     0     0     1     1     1     0     1     1     0     1     0     1
	    1.0380

	11
	     1     1     1     0     0     0     1     0     0     0     1     1     1     1     1     0     1     1
	    1.3882

	12
	     1     1     0     1     1     0     1     0     1     1     1     0     1     0     1     1     0     1
	    1.3924

	13
	     0     0     1     0     1     0     0     1     0     0     1     0     0     1     0     0     0     1
	    1.3302

	14
	     1     0     0     0     0     0     1     1     1     0     1     1     1     0     0     0     1     1
	    1.3397

	15
	     1     1     1     0     1     1     0     1     0     0     1     0     0     1     1     1     1     1
	    0.9359

	16
	     0     1     1     0     1     0     0     1     0     0     1     1     1     1     1     1     1     1
	    1.1285

	17
	     0     1     0     1     0     1     1     1     0     0     0     1     1     0     0     0     1     1
	    1.0158

	18
	     1     0     0     1     0     0     1     0     0     0     0     0     0     0     1     1     0     1
	    1.0088

	19
	     1     0     1     0     1     0     1     1     1     0     0     0     1     1     0     0     0     1
	    1.2417

	20
	     0     0     0     1     1     1     0     1     0     1     0     1     1     0     0     0     1     1
	    1.2787

	21
	     0     0     1     1     1     0     0     0     0     1     1     1     0     1     0     1     0     1
	    1.1306

	22
	     0     1     1     1     0     0     0     1     1     1     0     0     0     0     0     1     1     1
	    1.0320

	23
	     1     1     0     0     0     1     1     1     0     0     0     1     0     0     0     1     1     1
	    1.0175

	24
	     0     0     1     0     1     1     0     1     1     1     1     1     1     1     1     0     0     1
	    0.9814

	25
	     0     0     0     1     0     0     1     0     1     0     0     1     0     0     0     1     0     1
	    1.2935

	26
	     0     1     1     0     0     0     0     0     0     0     1     1     0     1     0     0     0     1
	    1.1623

	27
	     1     0     1     1     1     0     0     0     0     0     1     1     1     0     1     1     1     1
	    1.2810

	28
	     0     0     1     1     1     1     1     1     1     0     0     1     0     1     1     1     0     1
	    1.1472

	29
	     0     1     1     1     0     1     0     0     1     1     1     0     0     1     0     1     1     1
	    1.4049

	30
	     1     0     1     1     1     0     1     0     0     1     1     1     0     0     1     0     1     1
	    1.3758



Table 4: Length 24 CGS Sequence
	#
	Binary Sequence
	PAPR

	1
	     0     0     0     0     0     1     0     1     1     0     0     1     1     1     0     0     1     1     1     1     1     1     1     1
	    1.4446

	2
	     0     0     0     0     1     1     0     1     1     1     1     0     0     1     0     0     0     0     0     0     0     1     1     1
	    1.3892

	3
	     1     1     1     1     0     1     0     1     1     0     1     0     0     1     0     0     0     1     1     1     0     0     1     1
	    1.2319

	4
	     1     1     0     0     1     0     1     0     0     0     0     1     1     0     0     0     1     0     0     0     1     1     1     1
	    1.2953

	5
	     1     1     1     1     1     1     0     1     1     1     0     0     1     0     1     1     1     0     0     0     0     1     1     1
	    1.3358

	6
	     0     0     1     1     1     0     0     1     1     0     1     0     0     0     0     0     1     1     1     1     1     1     1     1
	    1.4503

	7
	     0     1     0     0     1     1     1     1     1     1     0     0     0     1     0     0     0     1     1     0     0     0     0     1
	    1.3035

	8
	     0     1     1     0     0     1     0     1     1     1     0     0     0     0     0     0     1     1     0     1     0     1     1     1
	    1.3066

	9
	     0     1     1     0     0     0     1     0     1     1     0     1     0     1     1     1     0     0     0     1     0     1     1     1
	    1.0165

	10
	     0     1     1     1     0     0     0     1     0     1     0     0     1     0     1     1     1     0     0     1     0     0     0     1
	    1.0198

	11
	     0     0     0     1     0     1     0     0     1     0     1     0     0     0     0     0     0     0     1     0     0     1     1     1
	    1.6128

	12
	     1     1     0     0     1     0     0     0     1     0     1     1     1     0     1     0     0     1     0     0     0     0     0     1
	    1.1774

	13
	     1     0     1     1     1     1     0     0     0     1     0     0     1     1     1     1     1     0     0     1     1     1     1     1
	    1.4923

	14
	     1     0     0     0     0     0     1     0     0     1     0     0     1     1     1     0     1     0     1     0     1     1     1     1
	    1.1815

	15
	     0     0     0     1     1     1     1     0     1     1     1     1     0     1     1     1     0     0     1     0     0     1     0     1
	    1.1783

	16
	     1     1     1     0     1     1     0     0     0     1     0     0     0     0     1     0     0     1     0     0     0     0     0     1
	    1.2069

	17
	     0     0     1     0     0     0     0     0     0     0     1     1     1     0     0     0     0     1     1     0     1     1     1     1
	    0.9264

	18
	     0     0     0     1     0     0     1     0     0     1     1     0     1     0     1     0     0     0     0     0     1     1     1     1
	    0.8785

	19
	     1     0     0     0     0     0     1     0     1     0     1     1     0     0     1     0     0     1     0     0     0     1     1     1
	    1.2135

	20
	     1     1     1     0     1     1     0     0     0     1     1     1     0     1     0     1     1     0     1     0     1     1     1     1
	    1.1749

	21
	     0     0     0     1     1     1     1     1     1     1     0     1     1     0     0     0     0     1     0     0     1     1     1     1
	    1.3666

	22
	     1     0     0     0     1     0     1     1     1     0     1     1     0     0     0     1     0     1     1     0     1     0     1     1
	    1.2057

	23
	     1     0     0     1     1     1     0     1     1     1     1     1     0     0     1     0     1     0     1     1     0     1     1     1
	    1.2885

	24
	     0     0     0     0     1     0     1     0     0     1     0     1     0     1     0     1     1     0     0     1     0     0     1     1
	    1.1662

	25
	     1     0     0     0     1     1     1     1     1     0     1     1     0     1     0     0     0     1     0     1     1     1     0     1
	    1.3859

	26
	     1     0     0     0     1     0     0     0     1     1     0     0     0     0     1     0     1     0     0     1     1     1     1     1
	    1.4271

	27
	     1     1     0     0     1     0     0     0     1     1     1     1     0     1     1     1     1     1     1     0     0     1     1     1
	    1.5297

	28
	     0     1     0     1     0     1     1     1     1     1     0     0     0     0     0     1     0     0     1     0     0     1     1     1
	    1.6127

	29
	     1     0     1     1     1     1     0     0     0     1     0     1     0     0     1     0     0     1     1     1     0     1     1     1
	    1.3727

	30
	     0     0     0     0     1     0     0     1     1     1     1     0     0     0     1     1     1     1     1     1     1     0     1     1
	    0.9364



To evaluate the performance of the selected sequences, we provide the CDFs of pairwise cross-correlations of all the sequences in Figure 2. To calculate the pair-wise maximum cross-correlation, we considered all time domain taps and linear cross-correlation since the interference between any two scheduled sequences is across cells. Furthermore, for any two sequences, we additionally consider all possible shifts in frequency domain of one sequence in units of 6 (corresponding to one PRB) to capture the impact of frequency domain scheduling offset. Furthermore, when choosing sequences of lengths larger than 6, we ensured that the choice of sequences maintained minimum max cross-correlation not only among chosen sequences of same length but also for all sequences of smaller length. For example for length 18 CGS, the max cross-correlation is evaluated across all sequences (and their PRB level frequency domain shifts) of lengths 6, 12 as well 18. From Figure 2, it can be seen that maximum cross correlation properties are good. The reason for relatively poor properties of length 6 is due to the fact that only 64 binary sequences exist for length 6 therefore some sequences might be circular shifts of each other. Therefore, in this case, a set of less than 30 sequences can be considered. Since 30 sequences are mainly chosen to provide good cell-planning, the choice of 30 can be relaxed in this case in favor of superior cross-correlation properties. 

[image: ]

[bookmark: _Ref528945540]Figure 2: Maximum pairwise linear cross-correlation between sequences in time domain. The cross-correlation is calculated over all time domain lags and for possible frequency domain shifts in units of PRB correspoding to different scheduling across cells. For sequences larger than length 6, cross-correlations with all smaller length sequences and their frequency domain shifts are also considered.

Finally, in Figure 3, the Power-to-average-Power Ratio and PAPR of the proposed sequences are shown. It can be seen that in terms of PAPR, all the proposed sets perform comparably to modulated data which is the goal for the design on PAPR based on the working assumption. 

[bookmark: _Ref528945756]Figure 3: (a) Power to Average Power Ratio of proposed CGS Sequences; (b) PAPR of the propose CGS sequences. The CCDFs for Random \pi/2 BPSK modulated DFT-s-OFDM data is also plotted for reference. It can be seen that the PAPR of the proposed sequenecs is similar to that of data. FDSS is used corresponding to a 3-tap time domain filter defined by [0.28 1 0.28]. 

Proposal 1: 
· 

For time domain DMRS sequence modulated by, use the CGS Sequences proposed in Tables 1-4 with NR Type 1 DMRS mapping for modulated DFT-S-OFDM based PUSCH for 1-4 PRB resource allocation.




In the case if DMRS is not modulated using, generalized M-PSK based time or frequency domain CGS can be considered where the design parameter is to optimize over frequency flatness as well to provide PAPR comparable to modulated DFT-S-OFDM data. 

Large Resource Allocation (5+ PRBs)

For larger resource allocations, a PN sequence modulated by constellation can be used, where the sequence is generated as 



where  is a pseudo-random length-31 Gold sequence initialized by [1]

.

Here each UE, transmits only a single layer and the  can be used for dynamic point selection. 

Proposal 2:
· 


For time domain DMRS sequence modulated by, use Gold Sequence as the binary PN code initialized by the proposed  along with NR Type 1 DMRS mapping for the case of modulated DFT-S-OFDM based PUSCH for resource allocations larger than 4 PRBs.

DMRS PAPR Reduction for PUCCH

In Rel-15 NR, PUCCH Formats 3 and 4 use DFT-S-OFDM with optional modulation. Furthermore, PUCCH Format 3 can occupy 1-16 PRBs in the frequency domain while Format 4 occupies 1 PRB. The DMRS structure for both Format 3 and 4 occupies all subcarriers i.e., no combs. Therefore, for PUCCH Format 4 and 1 PRB allocation of Format 3, length-12 CGS sequences proposed in Table 2 can be used. For the case of PUCCH Format 3 with resource allocation of 2 PRBs, the length-24 CGS sequences proposed in Table 4 can be used. For PUCCH Format 3 with resource allocation of 3-16 PRBs, the Gold sequence based PN sequence (used 5+ PRB resource allocation of PUSCH) can be used. These methods would effectively reduce the PUCCH DMRS PAPR while also maintaining good cross-correlation properties across resource allocations and with PUSCH DMRS. 

Power Imbalance in Two-Symbol DM-RS
In the case of two-symbol DMRS, for both configuration Type 1 and Type 2, transmit power imbalance may occur across antenna ports on both OFDM symbols across allocated DM-RS resource elements when the time domain orthogonal cover codes (TD-OCC) are used to spread the DM-RS in time. 
For example, as shown in [5], for type 1 DM-RS, considering a single CDM-Group used to multiplex ports 0,1,2,3 and the fact that the cyclic shift is implemented using all 1’s for the first symbol and alternate +1 and -1 for the second symbol, the OCC mapping pattern is shown in Figure 4.
[image: ]







[bookmark: _Ref525849546]Figure 4: Worst-case DM-RS Power Imbalance at the Transmitter


In Figure 4, the combination of TD and FD-OCC for every 4 REs is the equivalent of a length 4-OCC providing orthogonality in both frequency and time. It is seen that only one OFDM symbol has high power while the other symbol has zero average power i.e., there is a power imbalance. Note that the power imbalance depicted in Figure 4 is a worst-case scenario where the same precoding weights are used across all ports. In the case of non-identical pre-coding, the power imbalance may be less severe but the proposed solutions and arguments presented in the following section are valid for such cases as well. The DM-RS power imbalance issue can be partially addressed by interchanging the TD-OCC pattern i.e., by using the mapping pattern  and  alternately instead of using only repetitively as in Figure 5. This addresses the power imbalance across OFDM symbols while still preserving the orthogonality due to the cyclic shift. For Type 1 DM-RS, this requires averaging over two PRBs to equalize the average power on both symbols while for Type 2 DM-RS, the equalization can be achieved over 1 PRB. However, a power imbalance over REs is still present. To address this issue, we propose randomization of peak power over symbols as well as REs by alternately using the following four OCC mapping patterns, and. The proposed OCC mapping pattern for Type 1 and Type 2 DM-RS is shown in Figure 6 for case of CDM-Group for Type 1 and Type 2 DM-RS. 
Another artefact of the proposed peak power randomization over OFDM symbols as well as all REs is the fact that possible interference caused by the DM-RS transmission is also randomized across frequency and time. The cost of additional randomization is that we require 4 PRBs to achieve full power randomization for the case of Type 1 DM-RS as shown in Figure 5. The OCC mapping pattern can be repeated across the UE’s operating bandwidth without loss of orthogonality within each PRB. Similarly the proposed mapping pattern for the case of Type 2 DM-RS requires 2 PRBs to randomize peak power over both REs and OFDM symbols as in Figure 5. [bookmark: _Ref525849603]Figure 5: Proposed OCC mapping pattern for Type 1 and Type 2 DM-RS 

Mathematically, the proposed OCC mapping can be expressed as follows for the case of Type 1 and Type 2 DMRS: 

[bookmark: ZEqnNum906510]             


The FD-OCC codes  and TD-OCC codes  are given in [1]. 
Proposal 3: 
· To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs.
· The OCC mapping patterns shown in equation  should be adopted to address the power imbalance issue.

Conclusions

In this paper, we have proposed PAPR reduction techniques for Rel-16 NR DMRS for CP-OFDM based PDSCH/PUSCH and DFT-s-OFDM based  modulated PUSCH and PUCCH. To this end, the following proposals were made:

1. For Type 1 DM-RS, reuse Rel-15 PN sequence generation and mapping. The original sequence is used for the ports scheduled in CDM-Group 1, while a complementary initialization is implicitly derived from the signalled scrambling ID bit and provides CDM-group specific PN initialization.

2. 

For time domain DMRS sequence modulated by, use the CGS Sequences proposed in Tables 1-4 with NR Type 1 DMRS mapping for modulated DFT-S-OFDM based PUSCH for 1-4 PRB resource allocation.
3. 


For time domain DMRS sequence modulated by, use Gold Sequence as the binary PN code initialized by the proposed  with NR Type 1 DMRS mapping for the case of modulated DFT-S-OFDM based PUSCH for resource allocations larger than 4 PRBs.
4. For PUCCH based on Formats 3 and 4, use the proposed length 12 and 24 CGS sequences for 1-2 PRB allocations and the PN sequence based DMRS for 3-16 PRB allocation.
5. To address the issue of power imbalance for two-symbol DM-RS (Types 1 and 2) when using TD-OCC, the peak power should be randomized over OFDM symbols as well as resource elements such that average power is equalized over all REs and symbols when averaged over multiple PRBs. The OCC mapping patterns shown in equation  should be adopted to address the power imbalance issue.
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Appendix A: Link Level Simulation Results
In this appendix, we provide LLS results for the proposed CGS sequences in Section 1.2.1 Tables 1-4. The evaluation assumptions are as follows:

	Assumptions
	Value

	Carrier frequency
	3 GHz

	Subcarrier spacing
	30 kHz

	Number of TXRUs
	TRP = 8, UE = 1

	Number of layers
	SU MIMO 1 layer

	DM-RS configuration
	1 + 1 (NR Type 1 RE Mapping)

	Data allocation
	1, 2, 3, 4 RBs

	Modulation order, Coding rate
	/2-BPSK, R = 1/2

	TBS
	1 PRB: 72;     2PRB: 144; 
3 PRB: 224;   4PRB: 288;

	Channel coding scheme
	LDPC

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	MMSE channel estimation over 2 PRBs

	Performance metric
	BLER

	UE speed
	3 km/h

	Channel model
	TDL-A model with DS = 1000ns
Antenna correlation Rx = ‘Low’


The following figures show the BLER performance of the proposed CGS sequences. For each length, the sequences are plotted in order of BLER performance[footnoteRef:1]. The performance of constant modulus NR Rel-15 frequency domain CGS sequences are also plotted as a baseline. [1:  Note that the legend is written in the form “Intel # x – y”, where #x is the sequence number w.r.t. to Tables 1-4 and y is the decimal value of the binary sequence assuming left-MSB. ] 


[image: ]
Figure 6: BLER Performance of Length 6 CGS. Given that only 64 binary sequences exist, it not possible to optimize for both cross-correlation properties and good BLER performance in the case of length 6 binary CGS.
[image: ]
Figure 7: BLER Performance of Length 12 CGS.
[image: ]
Figure 8: BLER Performance of Length 18 CGS

[image: ]
Figure 9: BLER Performance of Length 24 CGS Sequences
From the simulation results it can be seen that the proposed sequences provide comparable BLER performance to Rel-15 NR CGS with desirable PAPR performance as shown in Figure 3. 


Appendix B: DMRS Port Multiplexing for /2 BPSK DMRS

In this Appendix, we provide some clarity on DMRS mapping and orthogonal port multiplexing for /2 BPSK modulated DMRS for DFT-S-OFDM waveform. We start by noting that in Rel-15 NR, DFT-S-OFDM supports only single layer transmission from UE perspective and this is the scope of Rel-16 NR as well. To this end, for DMRS design in Rel-15 NR, the use of cyclic shift was not allowed i.e.,  for ZC based DMRS. Furthermore, in Rel-16, if time DMRS sequences modulated by /2 BPSK followed by DFT spreading is considered, time domain cyclic shift will not work since the DMRS sequences are not frequency flat. To this end, in order to facilitate MU-MIMO operation at the gNB, port multiplexing can be performed identical to the method in Rel-15 NR i.e., based on Type 1 comb structure and application of FD-OCC [+1 +1] and [+1 -1] in the frequency domain across pairs of REs in the same comb. The concept of CDM-groups can be re-used and the system can be specified in a similar manner as current Rel-15 NR with the addition of frequency domain signal specification using time domain binary sequences modulated with /2 BPSK and DFT-Spreading. Since channel estimation can be performed in either time or frequency domain as per gNB implementation, no assumptions should be specified. 
To this end, Figure 10 shows the DMRS generation process that can be used. 
[image: ]

[bookmark: _Ref529460773]Figure 10: /2 BPSK Modulated DMRS Generation and Mapping
The Type 1 mapping and OCC application can be implemented in either frequency or time domain according to the discretion of the transmitter. Therefore to clarify the mapping further, we provide a time domain equivalent of the Rel-15 NR DMRS Type 1 mapping and FD-OCC (as shown in Figure 10) in the following table.



Consider a length N time-domain /2 BPSK modulated DMRS sequence which is mapped to 2N subcarriers in the frequency-domain. Let  denote the first and last  samples respectively, of the time domain DMRS sequence. The following table then denotes the time domain DMRS sequence which needs to be passed through a 2N-point DFT to generate the Type 1 DMRS mapping.

	DMRS port Number
	CDM Group
	DMRS Sequence in Time domain

	0
	0
	
 

	1
	
	


	2
	1
	
		 

	3
	
	




For CDM group 0, block-wise repetition and a block-wise cyclic shift of the repeated sequence achieves the comb structure as well the FD-OCC. For CDM group 1, a time domain phase ramp representing a frequency domain cyclic shift by one sub-carrier is applied in addition to identical operations as in CDM group 0 to achieve the comb structure and FD-OCC. This ensures a mapping identical to Rel-15 NR wherein, ports 0-3 have identical frequency domain DMRS sequences after DFT-spreading and identical FD-OCC as specified in [1].  
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