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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]As we discussed in our companion contribution [1], the inter-cell interference for low PAPR RS sequences should be mitigated with sequence re-ordering. In this paper, we will provide further detailed simulation results on sequence reordering based on the agreed sequences in Rel-16.
Performance evaluation
In the following, we provided the performance evaluation on sequence re-ordering, where the ordering of sequences are provided in Appendix. As discussed in the companion contribution [1], the inter-cell interference mitigation performance is related to the performance of cross-correlation, so in the following we focus on the evaluation of cross-correlation. 
The performance results are shown in Table 1-4, where the threshold for each length is selected based on cross-correlation of sequences in different sequence groups with same length. From the results in Table 1-4, 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.
For example, in Table 1, 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 2, 3 and 4, we show the cross-correlation performance with reordering for length-18, 12 and 6, respectively.
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.
Table 1. 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 2. 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 3. 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



Table 4. Cross-correlation performance with sequence reordering for Length-6
	
	ZC Sequence &Length-12 CGS& Length-18 CGS& Length-24 CGS

	Length-6 CGS
	1 sequences --> 0 sequences 
with XC higher than 0.95

	Max. Corr
	Max XC 0.953 --> 0.945



Observation 1: With sequence re-ordering, the max cross-correlation and the number of high cross-correlation sequences can be reduced obviously.
In the following, we provide the CDF comparison between the sequence with or without re-ordering. Figure 1- 4 show CDFs of cross-correlation between length-6, length-12, length-18 and length-24 CGS and other sequences in the same group. Since maximum of 16 PRBs can be allocated for PUCCH, sequences of length ≤ 192 is considered in Figure 1-4. The CDF in Figure 2 considers sequences of length > 192 due to the fact that length-18 CGS is only used in PUSCH as DMRS. But it should be clarified that no matter whether sequences of length > 192 is considered or not, cross-correlation CDFs are almost the same. From the CDF of cross-correlation curves as shown in Figure 1-4, it can be observed that sequence reordering can reduce the overall cross-correlations. 
For example, for the length-12 CGS in group 13 as shown in Figure 1, the percent of cross-correlation higher than 0.7 is significantly decreased after re-ordering, which means the probability of incurring severe inter-cell interference is reduced obviously. Similar performance benefits can be observed in Figure 2-4. 
Please note that the relationship between sequence cross-correlation and inter-cell interference is provided in Appendix-B in the companion contribution [1].
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Figure 1. Cross-correlation of Length-12 CGS and other length sequences in group 13
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Figure 2. Cross-correlation of Length-18 CGS and other length sequences in group 23
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Figure 3. Cross-correlation of Length-24 CGS and other length sequences in group 11
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Figure 4. Cross-correlation of Length-6 CGS and other length sequences in group 3

Observation 2: The cross-correlation/inter-cell interference can be reduced significantly by sequence reordering.
Summary of proposals
The observations and proposals in this paper are summarized as follows. 
Observation 1: With sequence re-ordering, the max cross-correlation and the number of high cross-correlation sequences can be reduced obviously.
Observation 2: The cross-correlation/inter-cell interference can be reduced significantly by sequence reordering.
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Appendix: 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
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