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Introduction
The following agreements were made in previous RAN1meeting: 
From RAN1 AH1901:
Agreement:
For length 6 CGS; 8-PSK is used

From RAN1 #96:
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
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

From RAN1 #96b:
[bookmark: _GoBack]Agreement 
The group and sequence hopping procedures in section 6.3.2.2.1 of TS38.211 in Release 15 are applied to Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 3 for length ≤ 30.
Agreement
Rel-15 NR DM-RS Type 1 mapping is used for the DM-RS sequences of PUSCH transmission with π/2-BPSK modulation. 
· Applies for Rel-16 for all sequence lengths

Rel-16 CGS sequences (length 6/12/18/24) for π/2-BPSK based DMRS are agreed in previous RAN1 meetings. However, a concern of possibly high interference across cells when using sequences with different length is raised in [1]. In this contribution, we discuss our view of this issue.

CGS sequences pairing for Rel-16 π/2-BPSK based DMRS

In previous RAN1 meetings, CGS sequences for small RB allocation used for Rel-16 π/2-BPSK based DMRS are agreed. From our understanding, while the sequences are designed to have acceptable auto-correlation/cross-correlation/PAPR within the set (of the same length), the cross-correlation between sets with different lengths are not ensured. 

Assume the same sequence index is used to select a CGS irrespective of the sequence length, in order to reduce interference, CGS sequences of different lengths have higher cross-correlation can be paired to have the same sequence ID (i.e., the index  of   in TS38.211 5.2.2.2). Without considering a proper CGS pairing, we think the specification is somewhat incomplete. 

CGS sequences pairing
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Considering different length and possible frequency allocation for an UE in each cell, interference level can be different for a sequence with different length. Clearly, when frequency domain overlap is happened, a smaller RB allocation could have bigger impact than a larger RB allocation as the latter could only have partial RBs are interfered. This is illustrated in Figure 1. Hence, we should consider a pairing scheme in favor of smaller bandwidth (shorter length CGS). That is said, if two longer sequences  both have the strongest interference from a shorter sequence   (therefore they both prefer to pair with ), we assign the one to  that makes stronger interference to . 
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[bookmark: _Ref7513558]Figure 1. Interference between cells with difference length CGS


In the following, pairing of CGS sequences are based on the cross-correlation measurement described next and the pairing result is shown in Table 1. 
Let  denote -th CGS sequence of length  according to some order. The cross-correlation , ,  is measured as the maximum (normalized) cross-correlation for all delays within CP and all RB offsets that result in frequency domain overlap.


[bookmark: _Ref7447379]Table 1. Rearranged CGS sequences (Original sequence indices are used)
	
	Length 24
	Length 18
	Length 12
	Length 6

	0
	0
	0
	20
	27

	1
	1
	22
	28
	11

	2
	2
	13
	9
	7

	3
	3
	16
	24
	19

	4
	4
	27
	11
	8

	5
	5
	24
	18
	20

	6
	6
	17
	23
	25

	7
	7
	14
	12
	24

	8
	8
	28
	14
	29

	9
	9
	21
	7
	23

	10
	10
	1
	4
	17

	11
	11
	25
	3
	18

	12
	12
	20
	8
	1

	13
	13
	11
	6
	21

	14
	14
	8
	21
	5

	15
	15
	6
	29
	28

	16
	16
	4
	0
	16

	17
	17
	5
	16
	26

	18
	18
	7
	17
	14

	19
	19
	12
	19
	15

	20
	20
	10
	15
	12

	21
	21
	19
	26
	6

	22
	22
	18
	25
	22

	23
	23
	26
	10
	9

	24
	24
	9
	22
	4

	25
	25
	15
	5
	3

	26
	26
	3
	27
	2

	27
	27
	29
	1
	13

	28
	28
	23
	13
	0

	29
	29
	2
	2
	10



Numerical results 

Figure 2 shows the distribution of peak cross-correlation for all 30 cells (=0,..,29) for original order and paired order from Table 1. The x-axis is the peak value of  defined previously over all , and all , i.e., a measure of worst intercell interference. It is observed that after pairing, the peak interference is effectively reduced and the worst case cross-correlation is reduced from 0.705 to 0.66. 
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[bookmark: _Ref7513928]Figure 2. Distribution of peak xcorr

Proposal 1: Consider sequence pairing for Rel-16 π/2-BPSK based CGS sequences
· Adopt the sequence arrangement from Table 1

Conclusions
Proposal 1: Consider sequence pairing for Rel-16 π/2-BPSK based CGS sequences
· Adopt the sequence arrangement  from Table 1
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