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Introduction
In this paper, we discuss the remaining details of low-PAPR DM-RS design for Rel-16 NR. To this end, the following relevant agreements was made in RAN WG1#96:
	Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port



Based on the above agreement, it seen that the use case for PUCCH Format 4 becomes limited since the major utility of PUCCH format 4 is for multiplexing the PUCCH of up to 4 UEs. In the paper we propose DMRS port multiplexing for PUCCH format 4 when /2-BPSK modulation is used. Note that PUCCH format 4 spans a single PRB with DMRS spanning all 12 subcarriers. Therefore for Rel-16 NR, the length 12 CGS sequences agreed in [5] will be used. In Rel-15 NR, orthogonal DMRS sequences were generated based on time-domain cyclic shifts of a single chosen base sequence. Since the Rel-16 CGS sequences are not constant modulus in frequency domain, such an approach is not possible. Based on this background, in the next section we provide an overview of current PUCCH format 4 and the proposed Rel-16 DMRS port multiplexing methodology.
DMRS Port Multiplexing for PUCCH Format 4
In NR Rel-15, PUCCH format 4 is designed for multiplexing PUCCH from up to 4 UEs on a PRB [1] shown for example in Figure 1. Note that PUCCH format 4 uses transform precoding or DFT-s-OFDM. 

[bookmark: _Ref525830733]Figure 1: NR Release-15 PUCCH Format 4 with, which multiplexes PUCCH of 4 UEs in a PRB





The PUCCH is block spread by an OCC in time domain before DFT spreading to generate the comb structure for PUCCH multiplexing. Different Length-12 OCC is used for UE multiplexing based on the spreading factor of 2 or 4 determined by the number of UEs multiplexed in the PRB. The OCCs are shown in the following tables based on UE multiplexing capacity defined by  


Table 1: Orthogonal sequences  for PUCCH format 4 when .
	

	


	0
	[image: ]

	1
	[image: ]




Table 2: Orthogonal sequences  for PUCCH format 4 when .
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The PUCCH DM-RS ports for the UEs are multiplexed within the same OFDM symbols as shown in Figure 1. The Rel-15 DM-RS uses a frequency domain QPSK modulated base sequence with constant modulus property [1]. A base sequence is chosen from a group of 30 length-12 CGS sequences. 
However, in Rel-16 NR, the DMRS CGS sequences for /2-BPSK modulation are binary sequences generated in time domain. In order to multiplex multiple DMRS ports on the same OFDM symbol, a natural choice could be the OCC provided in Tables 1 and 2 for spreading the time domain DMRS sequences. However, using these OCC would not preserve the 2-BPSK property of the sequences. Another alternative would be to use 4 different base sequences from the agreed set of sequences. However, such an approach would lead high intra-cell interference since the sequences are not orthogonal. 
In this paper, we therefore propose an alternative approach to multiplex multiple DMRS ports. For this case, a time-domain binary symbol level OCC can be used to multiplex up to 2 users when . Furthermore, when  , two base sequences can be chosen from the agreed set of length 12 CGS and OCC spreading can be used to multiplex two users within each base sequence. For example, when the PUCCH spreading factor , a time-domain OCC of length-12 can be used on the 2-BPSK sequence u which is selected based on  to generate orthogonal DM-RS ports as follows:


The resulting modulated sequence  is DFT spread to generate the frequency domain DM-RS sequence which is mapped to the subcarriers. The time domain OCC  can be derived from the following table where n is identical to the orthogonal sequence index of PUCCH.

Table 3: Time Domain OCC for DMRS port multiplexing when 
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When , two base sequences

[bookmark: _GoBack]can be selected based on two RRC configured  which are used in 
. 
The PUCCH OCC index  can correspond to these two base sequences. The other two DM-RS ports for OCC indices 2, 3 can be generated based on time-domain OCC across the two base sequences according to

Table 4: Time Domain OCC for DMRS port multiplexing when 

	

	Base Sequence
	


	0
	u0
	

	1
	u1
	

	2
	u0
	

	3
	u1
	



Proposal: For PUCCH Format 4 with /2 BPSK modulation, support multiplexing of up to 4 ports
· For , the DMRS of two users are multiplexed using the same base sequence and the length 12 time domain orthogonal cover codes [1,1,1,1,…] & [1,-1,1,-1,…] which preserve the 2-BPSK properties and provides good cross-correlation properties. 
· For , select two base sequences based on two configured . The DMRS of a pair of users are multiplexed using the one base sequence and the length 12 time domain orthogonal cover codes [1,1,1,1,…] & [1,-1,1,-1,…].

Conclusions
In this paper, we have proposed the following for PUCCH Format 4 DMRS port multiplexing:
· For PUCCH Format 4 with /2 BPSK modulation, support multiplexing of up to 4 ports
· For , the DMRS of two users are multiplexed using the same base sequence and the length 12 time domain orthogonal cover codes [1,1,1,1,…] & [1,-1,1,-1,…] which preserve the 2-BPSK properties and provides good cross-correlation properties. 
· For , select two base sequences based on two configured . The DMRS of a pair of users are multiplexed using the one base sequence and the length 12 time domain orthogonal cover codes [1,1,1,1,…] & [1,-1,1,-1,…].
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