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1. Introduction
In this contribution, we discuss corrections to Low PAPR Reference Signals that has been introduced in Rel-16 as part of MIMO enhancement WID [1].
2. Discussion 
As part of normative work on low PAPR reference signals in Rel-16 NR, enhancements to PUCCH DM-RS for PUCCH format 3 and 4 were introduced for the case when transform precoding is used in conjunction with /2-BPSK modulation. It was agreed that for sequences of length 30 and larger, Gold sequences generated in pre-DFT time domain will be used, whereas for sequences less than length 30, computer generated sequences (CGS) were designed. Both the designs yield non-constant modulus sequences when mapped to the frequency domain after transform precoding. It was also agreed that a single PUCCH port is supported for both PF3 and PF4. 
In Rel-15 NR, DM-RS sequences were based on frequency domain constant modulus CGS and ZC sequences and cyclic shifts  were specified yielding orthogonal sequences from the same root sequence enabling port multiplexing. Interference averaging by ensuring different sequences across cells for the case of CGS sequences was achieved by ensuring good cross correlation properties as well as sequence and group hopping mechanisms which have been carried forward in Rel-16.
[bookmark: _GoBack]However, current specification indicates that cyclic shift values can be used even for /2-BPSK DM-RS for PUCCH formats 3 and 4. Since the sequence design was undertaken for single port, cross correlation across different root sequences was optimized. The existence of sequence and group hopping mechanisms make the use of cyclic shift somewhat redundant and therefore current sequences do not depend on the value of . This needs to be captured in current specification and to this end, the following TP for TS 38.211 is proposed:

	[bookmark: _Toc29230277][bookmark: _Toc36026536]5.2.3	Low-PAPR sequence generation type 2
The low-PAPR sequence  is defined by a base sequence  according to 

where  is the length of the sequence. Multiple sequences are defined from a single base sequence through different values of  and . 



	[bookmark: _Toc19796468][bookmark: _Toc26459694][bookmark: _Toc29230344][bookmark: _Toc36026603]6.4.1.3.3	Demodulation reference signal for PUCCH formats 3 and 4
[bookmark: _Toc19796469][bookmark: _Toc26459695][bookmark: _Toc29230345][bookmark: _Toc36026604]6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1. and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
-	otherwise,  is given by clause 6.3.2.2. The cyclic shift  varies with the symbol number and slot number according to clause 6.3.2.2.2 with [image: ] for PUCCH format 3 without interlaced mapping and obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index  given by clause 6.3.2.6.3 for PUCCH format 3 with interlaced mapping and PUCCH format 4.
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