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Introduction
In the RAN1 #90bis meeting and RAN1 #91 meeting, new CGSs are adopted as the length-24, length-18 and length-12 base sequences for DFT-S-OFDM [1]. However, this is only the first step for this task as no considerations were made for the ordering of the sequences and thus to reduce the cross-correlations among sequences with different length from each group (as was done in LTE for > 3 PRB). As the consequence, in the email discussion after RAN1 #91 meeting, it was agreed to further study this aspect :
Agreement: 
Discuss further the re-ordering of the CGS for DFT-S-OFDM after the Rel-15 Dec. specifications.
[bookmark: _GoBack]In RAN1 AH 1801 meeting and RAN1 92 meeting, the re-ordering of CGS were discussed at MIMO/control joint offline session as well as control offline session, the benefit of CGS ordering was shown and impact to the specification and implementation were discussed extensively.  A joint proposal was formed at RAN1 92 meeting to facilitate the adoption which was included in the offline summary for long PUCCH and shall be   stable and well understood. No obvious objection was heard from a technical perspective. 
In this paper, we discuss again re-ordering of the length-12, length-18 and length-24 base sequences for DFT-S-OFDM. It should be emphasized that such re-ordering does not change the existing CGS sequences but is simply changing the groups they belong to. As in LTE, it is shown that re-ordering for CGS to minimize the cross-correlation between different sequence lengths has a substantial benefit.
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]Discussion on re-ordering of CGS for DFT-s-OFDM
In NR, similar as in LTE, the base sequences with different lengths are divided into 30 groups. The new 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. 
Collision Scenarios
In NR, the new CGSs would be applied to short PUCCH (PUCCH format 0 (PF0)), UCI and DMRS for long PUCCH format 1 (PF1) and DMRS for long PUCCH format 3/4 (PF3/4), DFT-S-OFDM based PUSCH DMRS and SRS. 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: 
· PF0 UCI collide with DMRS of PF3 (>=2 PRB)
· PF1 UCI and DMRS collide with DMRS of PF3 (>=2 PRB)
· 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 UCI 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.
In order to reduce inter-cell interference, the cross-correlation of sequences from different groups should be minimized, i.e., sequences with high cross-correlation should be allocated into the same group.  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. This is partially due to the fact that the new CGS(s) were introduced in NR in late stage and therefore, ordering them in appropriate groups to reduce the cross-correlations is not done yet. 
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 0.85 to 0.7 can lead to dB decrease in interference power, which is equivalent to 1.69 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.
Re-ordering of new CGS
For two sequences with different lengths, such as length-6 and length-12 as an example, multiple cross-correlation values can be calculated for multiple overlap scenarios as shown in Figure 1. However, it is noticed that if the long sequence is a ZC sequence, the cross-correlation is almost the same for all possible overlap scenarios because of the property of ZC sequence as shown in [2]. Detailed proof can be found in Appendix.


Figure 1. Two overlap scenarios for length-6 sequence and length-12 sequence.
As shown in Figure 1, no matter which overlap scenario occurs, 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.
Table 1-Table 3 shows the cross-correlations among different groups before and after sequence re-ordering for CGS length of 12, 18 and 24 respectively. In each table, the 2nd row contains the number of cross-correlations between sequences with different lengths surpassing a threshold, and the 3rd row contains the maximum cross-correlation between sequences with different lengths. For the convenience of comparison, the values before and after re-ordering are shown in each field where values outside the brackets are those before re-ordering and values in the brackets are those after re-ordering.  For the following length pair: 12 to 18, 12 to 24 and 18 to 24, there are 2 columns in the tables, where each column corresponds to one overlap scenario. The first column assumes two sequences are aligned from the beginning, and the 2nd column assumes they are aligned from the end. The cross-correlations are calculated considering all cyclic shifts (CS) and all overlap scenarios as described in [2]. It is also verified that proposed re-ordering will not impact cross-correlations between sequences with comb-1 (UCI and DMRS for PUCCH) and comb-2 structures (DMRS for PUSCH).
From the results in Table 1-Table 3, it can be seen that the number of higher cross-correlation values (those larger than the thresholds) as well as the maximum cross-correlations both could be significantly decreased after the re-ordering, which means inter-cell interference is greatly reduced. For example, for CGS with length of 12 as shown in Table 1, the number of higher cross-correlations could be reduced from a range of 9-10 before re-ordering to a range of 1-2 after re-ordering, which is significantly reduced. For CGS with length of 18 as shown in Table 2, the maximum cross-correlation values could be reduced from 0.8597 to 0.6978 (length-18 vs length-48) which according to the previous analysis, could lead to around 1.7 dB SINR gain in the interference-limited scenario.
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. 

[bookmark: _Ref501982211]Table 1.Number of sequence pairs with cross-correlation higher than 0.8 before and after re-ordering and maximum cross-correlation.
	
	Length-18
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-12
	10 (6)
	8 (4)
	5 (3)
	3 (2)
	9 (1)
	7(1)
	10 (1)
	9 (1)
	6 (3)
	10(0)
	5(4)

	Max.Corr.
	0.8892
(0.8358)
	0.8933
(0.8932)
	0.8550
(0.8550)
	0.8525
(0.8524)
	0.8720
(0.8310)
	0.8677
(0.8107)
	0.8949
(0.8034)
	0.8749
(0.8074)
	0.9176
(0.9167)
	0.8782
(0.7949)
	0.8970
(0.8970)


Table 2.Number of sequence pairs with cross-correlation higher than 0.7 before and after re-ordering and maximum cross-correlation.
	
	Length-24
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-18
	5(1)
	3(3)
	7(0)
	3(0)
	6(1)
	5(0)
	5(1)
	1(0)
	6(1)

	Max.Corr.
	0.7395
(0.7115)
	0.7412
(0.7412)
	0.7326
(0.6935)
	0.8597
(0.6978)
	0.7477
(0.7015)
	0.7651
(0.6615)
	0.8278
(0.7128)
	0.7446
(0.6838)
	0.8587
(0.7131)


[bookmark: _Ref506131091][bookmark: _Ref501982219]Table 3.Number of sequence pairs with cross-correlation higher than 0.6before and after re-ordering and maximum cross-correlation.
	
	Length-36
	Length-48
	Length-60
	Length-72 v=0
	Length-72 v=1
	Length-96 v=0
	Length-96 v=1

	Length-24
	6(1)
	0(0)
	5(2)
	6(1)
	5(2)
	5(1)
	4(1)

	Max.Corr.
	0.6951
(0.6790)
	0.5963
(0.5963)
	0.6614
(0.6453)
	0.7293
(0.6121)
	0.7083
(0.7083)
	0.6914
(0.6809)
	0.6300
(0.6126)


Figure 2-Figure 4 show CDFs of cross-correlation between length-12, length-18 and length-24 CGS and other sequences from different groups respectively. Since maximum of 16 PRBs can be allocated for PUCCH, sequences of length ≤ 192 is considered in Figure 2 and Figure 4. The CDF in Figure 3 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 2-Figure 4, it can be observed that re-ordering reduce the overall cross-correlations in a wide range especially higher cross-correlations which needs to be reduced the most. For example, for the length-12 CGS in group 9 and 27 as shown in Figure 2, 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 greatly. Similar decrease can be observed in Figure 3 and Figure 4. 
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor12_PUCCH_group9.jpg][image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor12_PUCCH_group27.jpg]
[bookmark: _Ref507439402]Figure 2.Cross-correlation of length-12 CGS in group 9/27 and other length sequences from different groups.
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor18_PUSCH_group14.jpg][image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor18_PUSCH_group18.jpg]
[bookmark: _Ref507440861]Figure 3. Cross-correlation of length-18 CGS in group 14/18 and other length sequences from different groups.
[image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor24_PUCCH_group6.jpg][image: D:\simulation\DMRS squence for pi2 BPSK\re-ordering cdf\cor24_PUCCH_group22.jpg]
[bookmark: _Ref507441250]Figure 4. Cross-correlation of length-24 CGS in group 6 and other length sequences from different groups.

Following the above-mentioned procedure, the re-ordering of CGS with length-12, 18 and 24 can be accomplished and Appendix 1 shows these sequences and their corresponding group indices before and after such re-ordering operation for comparison. For specification, Table 5.2.2.2-2 - Table 5.2.2.2-4 in Section Section 5.2.2.2 of TS 38.211can be updated with the same sets of CGS sequences but different order (index). 
Given the analysis and results presented, it can be observed that re-ordering of GCS would improve the system performance by reducing the inter-cell interference. As this will impact the performance of PUCCH and PUSCH, we feel it is essential to the NR and should be adopted. The standard effort is also very trivial. Hence, we propose the following proposal with corresponding TP in Appendix 2.
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 4-Table 6 in Appendix for length-12, length-18 and length-24 CGS.

Conclusions
New CGS were adopted to improve system performance in NR such as lowering PAPR and improving the coverage. However, the inter-cell interference which depends on the appropriate sequence ordering among each group, has not yet been considered. Evaluation results showed that the current sequences  ordering should be changed as it could lead to large cross-correlation among sequences with different lengths from different groups. The re-ordering of CGS sequences would lower cross-correlations among groups and thus reduce the inter-cell interference. The operation does not introduce new CGS and has minimum impact to specification and implementation. Without such operation, the benefits of introducing new CGS in NR would be compromised.  Given this, in this contribution, we have the following proposal and the corresponding TP is in Appendix 2 
Proposal 1: Re-ordering of CGS for DFT-s-OFDM with different lengths should be considered jointly. Support the ordering in Table 4-Table 6 in Appendix for length-12, length-18 and length-24CGS.
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Appendix 1
[bookmark: _Ref506285825]Table 4. Length-12 base sequences after re-ordering.
	Index
	Former Index


	

	0
	2
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	1
	27
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	24
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	6
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	4
	17
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	5
	15
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	26
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	11
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	8
	23
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	9
	22
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	10
	7
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	11
	8
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	12
	18
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	13
	20
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	14
	10
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	15
	4
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	1
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	5
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	18
	21
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	12
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	21
	3
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	22
	9
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	25
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	14
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	29
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	26
	16
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	27
	13
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	0
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	29
	28
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3


Table 5. Length-18 base sequences after re-ordering
	Index
	Former
index
	

	0
	6
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	1
	0
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	2
	18
	-3
	3
	1
	-1
	-1
	3
	-3
	-1
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	-1

	3
	12
	-3
	-3
	3
	3
	3
	1
	-3
	1
	3
	3
	1
	-3
	-3
	3
	-1
	-3
	-1
	1

	4
	3
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	5
	1
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	6
	13
	-3
	3
	-1
	1
	3
	1
	-3
	-1
	1
	1
	-3
	1
	3
	3
	-1
	-3
	-3
	-3

	7
	4
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	8
	7
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	9
	21
	3
	-1
	3
	1
	-3
	-3
	-1
	1
	-3
	-3
	3
	3
	3
	1
	3
	-3
	3
	-3

	10
	24
	-3
	-3
	-3
	1
	-3
	3
	1
	1
	3
	-3
	-3
	1
	3
	-1
	3
	-3
	-3
	3

	11
	15
	-3
	-3
	3
	3
	3
	-1
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-1

	12
	29
	-3
	-1
	-3
	-3
	1
	1
	-1
	-3
	-1
	-3
	-1
	-1
	3
	3
	-1
	3
	1
	3

	13
	25
	1
	1
	-3
	-3
	-3
	-3
	1
	3
	-3
	3
	3
	1
	-3
	-1
	3
	-1
	-3
	1

	14
	2
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	15
	27
	3
	1
	-3
	1
	-3
	3
	3
	-1
	-3
	-3
	-1
	-3
	-3
	3
	-3
	-1
	1
	3

	16
	17
	-3
	-1
	-3
	-1
	-3
	1
	3
	-3
	-1
	3
	3
	3
	1
	-1
	-3
	3
	-1
	-3

	17
	16
	-3
	-1
	3
	3
	-1
	3
	-1
	-3
	-1
	1
	-1
	-3
	-1
	-1
	-1
	3
	3
	1

	18
	14
	-3
	1
	-3
	-1
	-1
	3
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	1
	1
	-1
	-1

	19
	20
	3
	3
	3
	-3
	-1
	-3
	-1
	3
	-1
	1
	-1
	-3
	1
	-3
	-3
	-1
	3
	3

	20
	22
	-3
	1
	1
	-3
	1
	1
	3
	-3
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	-1
	-3

	21
	8
	1
	-3
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	-1
	-3
	-1
	1
	3
	3
	3

	22
	10
	-3
	-3
	1
	-1
	-1
	1
	1
	-3
	-1
	3
	3
	3
	3
	-1
	3
	1
	3
	1

	23
	19
	3
	-1
	-3
	1
	-3
	-3
	-3
	3
	3
	-1
	1
	-3
	-1
	3
	1
	1
	3
	3

	24
	26
	3
	-1
	-1
	1
	-3
	-1
	-3
	-1
	-3
	-3
	-1
	-3
	1
	1
	1
	-3
	-3
	3

	25
	5
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	26
	23
	-3
	-1
	-1
	-3
	1
	-3
	3
	-1
	-1
	-3
	3
	3
	-3
	-1
	3
	-1
	-1
	-1

	27
	11
	-3
	-3
	3
	3
	-3
	1
	3
	-1
	-3
	1
	-1
	-3
	3
	-3
	-1
	-1
	-1
	3

	28
	28
	-1
	-3
	1
	-3
	-3
	-3
	1
	1
	3
	3
	-3
	3
	3
	-3
	-1
	3
	-3
	1

	29
	9
	-3
	3
	1
	-1
	-1
	-1
	-1
	1
	-1
	3
	3
	-3
	-1
	1
	3
	-1
	3
	-1


[bookmark: _Ref506231154]Table 6. Length-24 base sequences after re-ordering
	Index
	Former
Index
	

	0
	1
	-1
	-3
	3
	-1
	3
	1
	3
	-1
	1
	-3
	-1
	-3
	-1
	1
	3
	-3
	-1
	-3
	3
	3
	3
	-3
	-3
	-3

	1
	0
	-1
	-3
	3
	1
	1
	-3
	1
	-3
	-3
	1
	-3
	-1
	-1
	3
	-3
	3
	3
	3
	-3
	1
	3
	3
	-3
	-3

	2
	17
	-1
	-3
	-3
	1
	-1
	-1
	-3
	1
	3
	-1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-3
	-1
	-1
	3
	-3
	-3

	3
	4
	1
	-3
	3
	-1
	-3
	-1
	3
	3
	1
	-1
	1
	1
	3
	-3
	-1
	-3
	-3
	-3
	-1
	3
	-3
	-1
	-3
	-3

	4
	20
	-1
	3
	-3
	-3
	-1
	3
	-1
	-1
	1
	3
	1
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	1
	-1
	-3
	-3

	5
	7
	-3
	-1
	1
	-3
	-3
	1
	1
	-3
	3
	-1
	-1
	-3
	1
	3
	1
	-1
	-3
	-1
	-3
	1
	-3
	-3
	-3
	-3

	6
	2
	-3
	3
	1
	3
	-1
	1
	-3
	1
	-3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	-1
	-1
	-1
	1
	1
	-3
	-3

	7
	26
	-3
	1
	3
	-1
	1
	-1
	3
	-3
	3
	-1
	-3
	-1
	-3
	3
	-1
	-1
	-1
	-3
	-1
	-1
	-3
	3
	3
	-3

	8
	13
	-3
	1
	-3
	3
	-1
	-1
	-1
	-3
	3
	1
	-1
	-3
	-1
	1
	3
	-1
	1
	-1
	1
	-3
	-3
	-3
	-3
	-3

	9
	15
	1
	1
	-1
	-3
	-1
	1
	1
	-3
	1
	-1
	1
	-3
	3
	-3
	-3
	3
	-1
	-3
	1
	3
	-3
	1
	-3
	-3

	10
	14
	-3
	-3
	-3
	-1
	3
	-3
	3
	1
	3
	1
	-3
	-1
	-1
	-3
	1
	1
	3
	1
	-1
	-3
	3
	1
	3
	-3

	11
	6
	-3
	3
	-1
	3
	1
	-1
	-1
	-1
	3
	3
	1
	1
	1
	3
	3
	1
	-3
	-3
	-1
	1
	-3
	1
	3
	-3

	12
	19
	3
	-3
	3
	-1
	-3
	1
	3
	1
	-1
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	3
	3
	-3
	-3
	3
	-3
	-3

	13
	16
	-3
	3
	-1
	3
	-1
	3
	3
	1
	1
	-3
	1
	3
	-3
	3
	-3
	-3
	-1
	1
	3
	-3
	-1
	-1
	-3
	-3

	14
	21
	-3
	1
	-3
	-1
	-1
	3
	1
	3
	-3
	1
	-1
	3
	3
	-1
	-3
	3
	-3
	-1
	-1
	-3
	-3
	-3
	3
	-3

	15
	22
	-3
	-1
	-1
	-3
	1
	-3
	-3
	-1
	-1
	3
	-1
	1
	-1
	3
	1
	-3
	-1
	3
	1
	1
	-1
	-1
	-3
	-3

	16
	12
	-3
	-3
	1
	-1
	3
	3
	-3
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	3
	-3
	1
	-3
	1
	-1
	-1
	-1
	-3

	17
	3
	3
	-1
	3
	-1
	1
	-3
	1
	1
	-3
	-3
	3
	-3
	-1
	-1
	-1
	-1
	-1
	-3
	-3
	-1
	1
	1
	-3
	-3

	18
	8
	-3
	1
	-3
	1
	-3
	-3
	1
	-3
	1
	-3
	-3
	-3
	-3
	-3
	1
	-3
	-3
	1
	1
	-3
	1
	1
	-3
	-3

	19
	11
	-3
	-3
	3
	3
	1
	-1
	-1
	-1
	1
	-3
	-1
	1
	-1
	3
	-3
	-1
	-3
	-1
	-1
	1
	-3
	3
	-1
	-3

	20
	10
	-3
	-3
	-1
	-1
	-1
	-3
	1
	-1
	-3
	-1
	3
	-3
	1
	-3
	3
	-3
	3
	3
	1
	-1
	-1
	1
	-3
	-3

	21
	5
	3
	-1
	1
	-1
	3
	-3
	1
	1
	3
	-1
	-3
	3
	1
	-3
	3
	-1
	-1
	-1
	-1
	1
	-3
	-3
	-3
	-3

	22
	23
	-3
	1
	-3
	3
	-3
	1
	-3
	3
	1
	-1
	-3
	-1
	-3
	-3
	-3
	-3
	1
	3
	-1
	1
	3
	3
	3
	-3

	23
	24
	-3
	-1
	1
	-3
	-1
	-1
	1
	1
	1
	3
	3
	-1
	1
	-1
	1
	-1
	-1
	-3
	-3
	-3
	3
	1
	-1
	-3

	24
	27
	-3
	3
	-1
	-3
	-1
	-1
	-1
	3
	-1
	-1
	3
	-3
	-1
	3
	-3
	3
	-3
	-1
	3
	1
	1
	-1
	-3
	-3

	25
	28
	-3
	1
	-1
	-3
	-3
	-1
	1
	-3
	-1
	-3
	1
	1
	-1
	1
	1
	3
	3
	3
	-1
	1
	-1
	1
	-1
	-3

	26
	29
	-1
	3
	-1
	-1
	3
	3
	-1
	-1
	-1
	3
	-1
	-3
	1
	3
	1
	1
	-3
	-3
	-3
	-1
	-3
	-1
	-3
	-3

	27
	9
	3
	-3
	-3
	-1
	3
	3
	-3
	-1
	3
	1
	1
	1
	3
	-1
	3
	-3
	-1
	3
	-1
	3
	1
	-1
	-3
	-3

	28
	18
	-3
	1
	-3
	1
	-3
	1
	1
	3
	1
	-3
	-3
	-1
	1
	3
	-1
	-3
	3
	1
	-1
	-3
	-3
	-3
	-3
	-3

	29
	25
	3
	-3
	-1
	1
	3
	-1
	-1
	-3
	-1
	3
	-1
	-3
	-1
	-3
	3
	-1
	3
	1
	1
	-3
	3
	-3
	-3
	-3



THEOREM 1: A cyclic shift of ZC sequence in frequency domain is equivalent to a cyclic shift of ZC sequence in time domain multiplied by a constant, where.
PROOF: 
	Case 1: N is odd number


For two sequences with different lengths, if the long sequence is ZC sequence, the short sequence may overlap with ZC sequence in different part, as shown in [2]. According to Theorem 1, different frequency domain parts of ZC sequence is cyclic shifts of a same time domain sequence multiplied by a constant and all cyclic shifts are considered in cross-correlation calculation. So, the cross-correlation evaluation result is same for all possible overlap scenarios when long sequence is ZC sequence.

Appendix 2

Text proposal:
Section 5.2.2.2 of 38.211 v15.1.0
----------------------------------------Start of Text proposal-------------------------------------------

<Unchanged parts are omitted>


Table 5.2.2.2-2: Definition of  for.
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	0
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	1
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	2
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	3
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	4
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	5
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	6
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	7
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	8
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	9
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	10
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	11
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	12
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	13
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	14
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	15
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	16
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	17
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	18
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	21
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	22
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	23
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	24
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	25
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1

	26
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	27
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	28
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	29
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3




Table 5.2.2.2-2: Definition of  for.
	

	


	0
	1
	-1
	3
	1
	1
	-1
	-1
	-1
	1
	3
	-3
	1

	1
	-1
	-1
	-1
	-1
	1
	-3
	-1
	3
	3
	-1
	-3
	1

	2
	-3
	1
	-3
	-3
	-3
	3
	-3
	-1
	1
	1
	1
	-3

	3
	-3
	3
	1
	3
	-3
	1
	1
	1
	1
	3
	-3
	3

	4
	-3
	1
	3
	-1
	-1
	-3
	-3
	-1
	-1
	3
	1
	-3

	5
	-1
	1
	1
	-1
	1
	3
	3
	-1
	-1
	-3
	1
	-3

	6
	-3
	-3
	-1
	3
	3
	3
	-3
	3
	-3
	1
	-1
	-3

	7
	-3
	3
	-3
	3
	3
	-3
	-1
	-1
	3
	3
	1
	-3

	8
	-3
	-1
	-3
	-1
	-1
	-3
	3
	3
	-1
	-1
	1
	-3

	9
	-3
	3
	3
	3
	-1
	-3
	-3
	-1
	-3
	1
	3
	-3

	10
	1
	3
	-3
	1
	3
	3
	3
	1
	-1
	1
	-1
	3

	11
	-1
	-3
	3
	-1
	-3
	-3
	-3
	-1
	1
	-1
	1
	-3

	12
	3
	1
	3
	1
	3
	-3
	-1
	1
	3
	1
	-1
	-3

	13
	-3
	-3
	3
	3
	3
	-3
	-1
	1
	-3
	3
	1
	-3

	14
	-3
	-1
	1
	-3
	1
	3
	3
	3
	-1
	-3
	3
	3

	15
	-3
	-3
	3
	1
	-3
	-3
	-3
	-1
	3
	-1
	1
	3

	16
	-1
	1
	3
	-3
	1
	-1
	1
	-1
	-1
	-3
	1
	-1

	17
	-3
	-1
	-1
	1
	3
	1
	1
	-1
	1
	-1
	-3
	1

	18
	-3
	-1
	3
	-3
	-3
	-1
	-3
	1
	-1
	-3
	3
	3

	19
	-3
	-3
	3
	-3
	-1
	3
	3
	3
	-1
	-3
	1
	-3

	20
	-3
	1
	-1
	-1
	3
	3
	-3
	-1
	-1
	-3
	-1
	-3

	21
	-3
	1
	3
	3
	-1
	-1
	-3
	3
	3
	-3
	3
	-3

	22
	-3
	-1
	-1
	-3
	-3
	-1
	-3
	3
	1
	3
	-1
	-3

	23
	-3
	-1
	3
	1
	-3
	-1
	-3
	3
	1
	3
	3
	1

	24
	-3
	3
	3
	1
	-3
	3
	-1
	1
	3
	-3
	3
	-3

	25
	3
	-1
	-3
	3
	-3
	-1
	3
	3
	3
	-3
	-1
	-3

	26
	1
	-1
	3
	-1
	-1
	-1
	-3
	-1
	1
	1
	1
	-3

	27
	-3
	3
	1
	-3
	1
	3
	-1
	-1
	1
	3
	3
	3

	28
	-3
	3
	-3
	3
	-3
	-3
	3
	-1
	-1
	1
	3
	-3

	29
	-3
	3
	1
	-1
	3
	3
	-3
	1
	-1
	1
	-1
	1





Table 5.2.2.2-3: Definition of  for 
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	0
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	1
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	2
	-3
	3
	1
	-1
	-1
	3
	-3
	-1
	1
	1
	1
	1
	1
	-1
	3
	-1
	-3
	-1

	3
	-3
	-3
	3
	3
	3
	1
	-3
	1
	3
	3
	1
	-3
	-3
	3
	-1
	-3
	-1
	1

	4
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	5
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	6
	-3
	3
	-1
	1
	3
	1
	-3
	-1
	1
	1
	-3
	1
	3
	3
	-1
	-3
	-3
	-3

	7
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	8
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	9
	3
	-1
	3
	1
	-3
	-3
	-1
	1
	-3
	-3
	3
	3
	3
	1
	3
	-3
	3
	-3

	10
	-3
	-3
	-3
	1
	-3
	3
	1
	1
	3
	-3
	-3
	1
	3
	-1
	3
	-3
	-3
	3

	11
	-3
	-3
	3
	3
	3
	-1
	-1
	-3
	-1
	-1
	-1
	3
	1
	-3
	-3
	-1
	3
	-1

	12
	-3
	-1
	-3
	-3
	1
	1
	-1
	-3
	-1
	-3
	-1
	-1
	3
	3
	-1
	3
	1
	3

	13
	1
	1
	-3
	-3
	-3
	-3
	1
	3
	-3
	3
	3
	1
	-3
	-1
	3
	-1
	-3
	1

	14
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	15
	3
	1
	-3
	1
	-3
	3
	3
	-1
	-3
	-3
	-1
	-3
	-3
	3
	-3
	-1
	1
	3

	16
	-3
	-1
	-3
	-1
	-3
	1
	3
	-3
	-1
	3
	3
	3
	1
	-1
	-3
	3
	-1
	-3

	17
	-3
	-1
	3
	3
	-1
	3
	-1
	-3
	-1
	1
	-1
	-3
	-1
	-1
	-1
	3
	3
	1

	18
	-3
	1
	-3
	-1
	-1
	3
	1
	-3
	-3
	-3
	-1
	-3
	-3
	1
	1
	1
	-1
	-1

	19
	3
	3
	3
	-3
	-1
	-3
	-1
	3
	-1
	1
	-1
	-3
	1
	-3
	-3
	-1
	3
	3

	20
	-3
	1
	1
	-3
	1
	1
	3
	-3
	-1
	-3
	-1
	3
	-3
	3
	-1
	-1
	-1
	-3

	21
	1
	-3
	-1
	-3
	3
	3
	-1
	-3
	1
	-3
	-3
	-1
	-3
	-1
	1
	3
	3
	3

	22
	-3
	-3
	1
	-1
	-1
	1
	1
	-3
	-1
	3
	3
	3
	3
	-1
	3
	1
	3
	1

	23
	3
	-1
	-3
	1
	-3
	-3
	-3
	3
	3
	-1
	1
	-3
	-1
	3
	1
	1
	3
	3

	24
	3
	-1
	-1
	1
	-3
	-1
	-3
	-1
	-3
	-3
	-1
	-3
	1
	1
	1
	-3
	-3
	3

	25
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	26
	-3
	-1
	-1
	-3
	1
	-3
	3
	-1
	-1
	-3
	3
	3
	-3
	-1
	3
	-1
	-1
	-1

	27
	-3
	-3
	3
	3
	-3
	1
	3
	-1
	-3
	1
	-1
	-3
	3
	-3
	-1
	-1
	-1
	3

	28
	-1
	-3
	1
	-3
	-3
	-3
	1
	1
	3
	3
	-3
	3
	3
	-3
	-1
	3
	-3
	1

	29
	-3
	3
	1
	-1
	-1
	-1
	-1
	1
	-1
	3
	3
	-3
	-1
	1
	3
	-1
	3
	-1




Table 5.2.2.2-3: Definition of  for 
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	0
	3
	-3
	3
	-1
	1
	3
	-3
	-1
	-3
	-3
	-1
	-3
	3
	1
	-1
	3
	-3
	3

	1
	3
	-3
	1
	1
	3
	-1
	1
	-1
	-1
	-3
	1
	1
	-1
	3
	3
	-3
	3
	-1

	2
	-3
	3
	-1
	-3
	-1
	-3
	1
	1
	-3
	-3
	-1
	-1
	3
	-3
	1
	3
	1
	1

	3
	1
	1
	-1
	-1
	-3
	-1
	1
	-3
	-3
	-3
	1
	-3
	-1
	-1
	1
	-1
	3
	1

	4
	1
	1
	-3
	3
	3
	1
	3
	-3
	3
	-1
	1
	1
	-1
	1
	-3
	-3
	-1
	3

	5
	-3
	-3
	1
	-3
	3
	3
	3
	-1
	3
	1
	1
	-3
	-3
	-3
	3
	-3
	-1
	-1

	6
	-1
	3
	-1
	-3
	3
	1
	-3
	-1
	3
	-3
	-1
	-1
	1
	1
	1
	-1
	-1
	-1

	7
	-3
	1
	-3
	-3
	1
	-3
	-3
	3
	1
	-3
	-1
	-3
	-3
	-3
	-1
	1
	1
	3

	8
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