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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR Ad-Hoc#2[1], following was agreed on SRS sequence generation method in NR.

Agreements:
· NR supports at least the following SRS sequences 
· LTE SRS sequences
· Study further whether or not to additionally support the following for NR SRS sequence design:
· Opt-1: Truncated ZC design
· Set of [60] long ZC sequences designed for each of [5] different reference carrier bandwidths where the sequence length exceeds the carrier bandwidth before truncation 
· The portion of the truncated sequence corresponds to the SRS PRB location assigned to the UE 
· Ports on the same comb are separated by cyclic shifts which are repeated every n SRS REs, e.g. n=[8,12] 
· Opt-2: block-wise concatenation based ZC sequence generation.
· The number of blocks (e.g. 1, 2, …) and/or  block length (e.g. 4RBs, 8RBs, …) per each block is informed to UE 
· Alt1. the number of blocks and/or block length are configured by network. If 1 block is configured, SRS sequence for NR is the same as LTE SRS sequence
· Alt2. Implicit signaling  e.g. the number of blocks and block length are dependent on waveform. When DFT-S-OFDM is configured to UE, the number of block is one and the block length is equal to SRS BW; When CP-OFDM is configured, the number of blocks can be larger than 1. 
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots 
· To conclude during the next meeting
· Evaluations to consider at least CM/PAPR and sequence cross-correlation for the case of fully and partially overlapping SRS allocations
· Evaluations to further consider CM/PAPR for carrier bandwidths different than the reference ones

In this contribution, we discuss SRS sequence generation method with some simulation results of CM and sequence cross-correlation. 
Discussion
When multiple SRS with different bandwidths are transmitted in the same symbol, these SRS sequences need to be low correlation. In order to make different SRS on partially-overlapped time-frequency resources low correlation, there are two options for SRS sequence generation as follows.
Opt-1: Truncated ZC design
The long ZC sequence where the sequence length exceeds the carrier bandwidth is defined and SRS is configured to extract a segment of the long sequence as truncation process. The SRS resource is divided into a number of blocks and a cyclic shift is applied to the sequence within each block. The orthogonality can be kept within single block by cyclic shift. 
Opt-2: Block-wise concatenation based ZC sequence generation
Block-wise concatenation based ZC sequence is generated by using a plurality of ZC sequences having a sequence length corresponding to certain frequency resource block. The orthogonality can be kept within single block by cyclic shift.

Evaluation of cross correlation
We compare the cross-correlation property of Opt-1 sequences and Opt-2 sequences. 
Table 1 gives the assumptions used in our cross correlation evaluation. We evaluate CDF of the mean cross-correlation of all assumed SRS sequence pairs (one cross-correlation value per pair) except pair of the same sequence index. In this evaluation, the number of assumed SRS sequences is 30 for both Opt-1 and Opt-2. The sequence number and sequence length of Opt-1 are selected as giving lowest CM averaged over all possible allocation [2].
In Opt-1, SRS sequence is configured to extract a segment from the beginning of the long ZC sequence. Opt-2 is the same condition as LTE SRS for the evaluation of cross correlation within single block.
The evaluation result is shown in Fig. 1. The result shows no remarkable difference between Opt-1 and Opt-2.

[bookmark: _Ref489951790]Table 1 Assumptions of cross correlation evaluation. 
	Parameter
	Opt-1[2]
	Opt-2

	IFFT length
	2048

	Sequence number
	43,79,85,101,102,106,156,201,203,234,
324,328,366,384,406,481,503,521,559,
563,653,684,686,731,781,785,786,802,
808,844
* The number of used sequence number is 30 ()
	1-30 [3]
* The number of used sequence number is 30 ()


	Sequence length
	887 (before truncation)
12 (after truncation)
	12
* CG sequence in LTE

	Cyclic shift value
	0

	Block length
	4PRBs

	The number of blocks
	1

	The number of combs
	4
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[bookmark: _Ref489952248]Fig. 1 CDF of mean cross correlation

Evaluation of Cubic Metric
We compare the cubic metric (CM) property of Opt-1 sequences and Opt-2 sequences. 
Table 2 gives the assumptions used in our CM evaluation. We evaluate the mean CM and the worst CM of all assumed SRS sequence for each the number of blocks. If the sequence number and cyclic shift value are same each blocks in Opt-2, CM value is large [4]. Therefore we select cyclic shift value randomly for each block in Opt-2. In this evaluation, the number of assumed SRS sequences is  for Opt-1 and  for Opt-2.
The evaluation result is shown in Table 2. The result shows the CM value of Opt-1 is lower than that of Opt-2 in case of multiple blocks. The CM of Opt-2 increases as the number of blocks increases.

[bookmark: _Ref489953296]Table 2 Assumptions of CM evaluation.
	Parameter
	Opt-1[2]
	Opt-2

	IFFT length
	2048

	Sequence number
	Same as Table 1
	1-30 [3]
* Same value for each block

	Sequence length
	887 (before truncation)
12 (after truncation)
	12
* CG sequence in LTE

	Cyclic shift value
	0, 2, 4, 6, 8, 10
* The number of used cyclic shift is 6 ()
* Same value for each block
	0, 2, 4, 6, 8, 10
* The number of used cyclic shift is 6 ()
* Select cyclic shift value randomly for each block

	Block length
	4PRBs

	The number of blocks ()
	1-8


	The number of combs
	4



[bookmark: _Ref489962322]Table 2 CM of Opt-1 and Opt-2.
	The number of blocks
	Mean CM [dB]
	Worst CM[dB]

	
	Opt-1
	Opt-2
	Opt-1
	Opt-2

	1
	1.4 
	0.71
	2.7 
	1.1 

	2
	1.7 
	2.5
	2.9 
	3.9 

	3
	1.7 
	3.1
	2.7 
	6.0 

	4
	1.9 
	3.4
	3.1 
	7.6 

	5
	1.9 
	3.5 
	3.0 
	8.8 

	6
	1.7 
	3.7 
	2.4 
	9.8 

	7
	1.3 
	3.9 
	2.3 
	10.6 

	8
	1.3 
	4.3 
	2.4 
	11.4 



Comparison of the number of sequences
By increasing the number of sequences, the coordination of the SRS sequences between cells is easy. In the case of 30 sequences, sequence collision among neighbor cells may occur and the cross correlation can be deteriorated. In this case, further randomization of the sequences is required, which increase the complexity.
Opt-1 is not limited to 30 sequences. It can easily generate more sequence numbers than 30 sequences. For example, 60 sequences selected as giving lowest CM averaged over all possible allocation may be available in shown Table 3. In our evaluation, the difference of mean CM between 30 sequences and 60 sequences is less than 0.2dB.
Opt-2 can also generate more sequence numbers than 30 sequences by introducing CG sequence like LTE in small bandwidth where the number of ZC sequence is insufficient. However, more evaluations are necessary to introduce a new CG sequences to keep good performance of CM and cross correlation.



Table 3 Example of 60 sequences of Opt-1. 
	Parameter
	Opt-1[2]

	Sequence number
	* 30 sequences (same as Table 1)
43,79,85,101,102,106,156,201,203,234,
324,328,366,384,406,481,503,521,559,
563,653,684,686,731,781,785,786,802,
808,844
* Additional 30 sequences
32,41,62,94,100,132,216,274,320,360,
373,385,397,402,413,474,485,490,502,
514,527,567,613,671,755,787,793,825,
846, 855
* The number of used sequence number is 60 ()

	Sequence length
	887 (before truncation)



From the CM, the cross-correlation and the number of sequences evaluations of Opt-1 and Opt-2, we think Opt-1 has better properties than Opt-2. Therefore, we propose following.
Proposal 1:  To support the Opt-1 for NR SRS sequence generation in addition to LTE SRS sequence.

Conclusion
In this contribution, we discussed SRS sequence generation method and we have the following proposals:
Proposal 1: To support the Opt-1 for NR SRS sequence generation in addition to LTE SRS sequence.
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