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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]In previous meetings, sequences of CGS with length 6, 12, 18 and 24 and related configuration method have been agreed [1][2]. The related signaling are also agreed.
	Agreement
For length-6 CGS, specify the sequences given by the following table for both comb#1 and comb#2. 
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

Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
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.


In this paper, we discuss the PUCCH format 4 issue a little further and also discuss how to avoid the interference between CGS sequences with different sequence lengths based on the agreed CGS sequences in Rel-16.
Discussion on the dimension on PUCCH format 4
During last meeting, there is a proposal for support up to 4 hopping IDs for PUCCH format 4 for pi/2 BPSK cases:
[bookmark: _Ref5017756]When Rel-16 DMRS sequence for pi/2 BPSK PUCCH Format 4, two (if occ-length=2) or four (if occ-length=4) hoppingID (, , , ) can be configured by RRC 
· Used in  and  to determine the CGS group index 
· UE determines the  where occ-index is the occ-index associated with the PUCCH format 4 resource 
However, for the case of low PAPR, it is normally for cell edge cases, multi-user scheduling for this cases is rare. So, there was an agreement already for PUCCH, only 1 port is supported. 
The proposal to introduce multiple scrambling IDs for PUCCH seems not necessary for the low PAPR use cases, and also violate the previous agreement. So, it is not positive from our side.
Issue for sequences interference 
The motivation of the topic is to reduce the PAPR for DMRS sequences, which is beneficial for UL coverage. However, if there is interference for the sequences in the low PAPR cases. The benefits of PAPR enhancement for DMRS will be lost.
In NR, similar as in LTE, the base sequences with different lengths are divided into 30 groups. The new length-6, length-12, length-18 and length-24 CGS sequences will be allocated into sequence groups with other lengths sequences and different groups of sequences with different lengths will be used in different cells. In order to reduce inter-cell interference, the cross-correlation of sequences with different lengths from different groups should be minimized, since those sequences may collide with each other. But the sequences with different lengths from same group won’t collide with each other, so sequences with high cross-correlation should be allocated into the same group to minimize the cross-correlation of sequences with different lengths from different groups. The sequence will be collide as following cases:
Rel-16 CGSs would be applied to PUCCH with Pi/2-BPSK such as PUCCH format 3/4 (PF3/4) or PUSCH with Pi/2-BPSK. As they will be used in different cells, the CGSs in one cell may collide with sequences including CGS with different length from other cells, respectively. Therefore inter-cell interference arises due to the cross-correlation among such colliding sequences. The following are some exemplary scenarios: 
•	PF4 DMRS collide with PF3 DMRS (>= 2PRB)
•	PF3 DMRS collide with PF3 DMRS with different lengths (due to different number of PRB allocated)
•	DMRS of PUSCH collide with DMRS and of PUCCH
•	DMRS of PUSCH collide with DMRS of PUSCH with different length
From the scenario list, it can be observed that the occurrence of such collisions is quite frequent and therefore needs more attention. For those shorter sequences like CGS, the interference could be strong since it will be used with higher PSD than longer sequences. Thus, the careful usage of CGS is needed.
How to reduce the interference should be considered carefully. However the current ordering of sequences in each group did not take it into account and thus in real scenarios, some base sequences with different sequence in the neighboring cells may have higher cross-correlation which could lead to severe inter-cell interference and deteriorated performance. 
To reduce the sequence interference
Interference from short sequence to long sequence is small due to the fact that only partial elements is overlapped, but interference from long sequence to short sequence may be very severe. So, only interference from long sequence to short sequence is considered for the re-ordering of CGS [3]. Since the sequence inter-cell interferences can be represented by sequence cross-correlation, where the analysis on the relationship between cross-correlation and interference is provided in Appendix-B. So, in the following, we simulated the cross-correlation for the cases with and without sequence re-ordering.
From the results in Table 5-7, it can be seen that the number of sequences with higher cross-correlation can be reduced obviously. At the same time, the maximum cross-correlation for the sequences also can be reduced.
In Table-5, we show the cross-correlation performance with reordering of length-24 CGS sequences, where the number of sequences with cross-correlation higher than 0.6 (threshold) is reduced from 46 to 0. And then, the maximum cross-correlation is reduced from 0.735 to 0.558.  In Table-6 and Table-7, we show the cross-correlation performance with reordering for length-18 and 12, respectively.
In the above simulation, the reordered sequence are listed in Appendix-A, and the threshold for each length is selected based on cross-correlation of sequences in different sequence groups with the same length.
It should be pointed out that re-ordering of CGS does not introduce any new CGS sequences but simply change the group they belong to. Therefore the impact to the specification is minimal. From implementation perspective especially at UE side, the changes only affect group index for these CGS and shall be easily accommodated by the implementation. More detailed evaluation results can be found in [4].
Table 5. Cross-correlation performance with sequence reordering for Length-24
	
	ZC Sequence

	Length-24 CGS
	46 sequences --> 0 sequences 
with XC higher than 0.6

	Max. Corr
	Max XC 0.735 --> 0.558



Table 6. Cross-correlation performance with sequence reordering for Length-18
	
	ZC Sequence & Length-24 CGS

	Length-18 CGS
	43 sequences --> 7 sequences 
with XC higher than 0.68

	Max. Corr
	Max XC 0.753 --> 0.658



Table 7. Cross-correlation performance with sequence reordering for Length-12
	
	ZC Sequence &Length-18 CGS& Length-24 CGS

	Length-12 CGS
	23 sequences --> 2 sequences 
with XC higher than 0.77

	Max. Corr
	Max XC 0.818 --> 0.803



As shown above, the evaluation showed that the cross-correlation can be significantly reduced with introduce sequence re-ordering, which means less inter-cell interference. Based on the analysis and evaluation, the sequence reordering should be supported to reduce the cross-correlation.
[bookmark: OLE_LINK1]Proposal: Support the re-ordering shown in the Appendix A for length-6, length-12, length-18 and length-24 CGS for DFT-s-OFDM to reduce the inter-cell interference.

Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Proposal: Support the re-ordering shown in the Appendix A for length-6, length-12, length-18 and length-24 CGS for DFT-s-OFDM to reduce the inter-cell interference.
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Appendix A: Re-ordering of different length of Rel-16 CGS sequences

	Seq index
	CGS Length=24
	CGS Length=18
	CGS Length=12
	CGS Length=6

	0
	25
	12
	3
	19

	1
	13
	17
	27
	2

	2
	6
	21
	4
	24

	3
	12
	0
	10
	28

	4
	28
	28
	21
	21

	5
	8
	26
	14
	1

	6
	7
	18
	9
	11

	7
	15
	6
	22
	29

	8
	24
	3
	16
	0

	9
	5
	1
	19
	23

	10
	1
	11
	28
	26

	11
	14
	25
	23
	3

	12
	17
	23
	8
	25

	13
	3
	7
	5
	6

	14
	21
	27
	1
	12

	15
	29
	8
	25
	18

	16
	22
	19
	6
	10

	17
	0
	10
	20
	14

	18
	2
	29
	29
	27

	19
	11
	9
	26
	7

	20
	10
	20
	7
	20

	21
	27
	4
	24
	13

	22
	18
	14
	15
	9

	23
	20
	13
	13
	22

	24
	23
	16
	17
	5

	25
	4
	15
	18
	15

	26
	9
	22
	2
	4

	27
	19
	24
	11
	8

	28
	16
	5
	12
	16

	29
	26
	2
	0
	17



Appendix-B: Effect of cross-correlation on performance
In commercial networks which are interference-limited, interference is the main factor determining the performance of system. For UL, the main interference is from UE at adjacent cells, especially for the dense urban where inter-site distance is small. As we know, NR will have shorter inter-site distance than current networks due to its higher frequency band, therefore dense urban is one of the most important application scenarios of NR. As higher cross-correlation will cause more severe interference, it is important to minimize the higher cross-correlation in order to reduce inter-cell interference for NR. 
Reducing cross-correlation of sequences is an effective method of suppressing inter-cell interference. Considering an interference-limited scenario, where a PUCCH using CGSs colliding with a PUCCH using different length sequences from adjacent cell, and assuming noise can be neglected and no existence of other interference source, the received signal can be written as:
,
where  is expected CGS, andis the interference sequence. By multiplying the received signal by, one can get:
.
Then SIR at the receiver can be derived as
,
where c is the cross-correlation of two sequences. It can be observed that the interference power is in proportional to the cross-correlation and reducing it could improve the SIR. For example, reducing cross-correlation of two sequences form 0.735 to 0.558 can lead to dB decrease in interference power, which is equivalent to 2.39 dB gain in SIR if the noise power and other interference is ignored. In the real interference-limited scenario, noise can normally be negligible compared to the interference [3].

