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1 Introduction
In RAN1 meetings NR Ad-Hoc #2 [1] and #90 [2], the following agreements and working assumptions were made with respect to the SRS support for NR:
	Working assumption:
· SRS sequence for NR is supported for up to [272] PRBs by using LTE SRS sequences generation equation
· Companies are encouraged to evaluate PAPR and cross correlation properties of these sequences
· Note [272] PRBs corresponds to the maximum bandwidth support by NR
· FFS On the set of supported SRS bandwidths

Agreements:
· For NR SRS, support sounding bandwidth in multiple of 4 PRBs
· FFS the detailed set of SRS sounding bandwidths to be supported
· At least 4 PRBs as SRS sounding bandwidth is supported




In this contribution we provide evaluation of PAPR and cross correlation properties of SRS sequences for NR, generated using LTE equation, with support for up to 272 PRBs. We also provide our view on the supported set of SRS bandwidths for NR.
2. SRS Sequence design
The Sounding Reference Signal (SRS) is an uplink reference signal that is primarily used to estimate the uplink channel quality for UL frequency-selective scheduling. It can also be used to obtain downlink CSI in the case of TDD system with reciprocity. In NR the system bandwidth is much larger as compared to that of LTE and accordingly in the RAN WG1 meeting #90 [2], it was agreed as a working assumption that the SRS sequence design will allow for sounding bandwidths up to 272 PRBs. In NR Ad-Hoc#2 [1], we also have agreed that sounding bandwidths will be multiples of 4 PRBs and minimum of 4 PRB will be supported.
2.1 NR SRS sequence design using LTE design
In LTE SRS sequences are designed using ZC sequences. These sequences satisfy the desirable properties of uplink reference signals such as, constant modulus, low PAPR/CM, good auto-correlation and cross-correlation properties, etc. In LTE SRS design the ZC sequences are grouped into 30 groups. Each group has either one or two base ZC sequences (depending on the length of the sequence) for each possible sounding bandwidth size. 



The base ZC sequence , with the index ‘v’ in a group ‘u’ is given as follows:





where  is the length of the sounding sequence  and the  root  Zadoff-Chu sequence is defined by



with  given by

                                                             (1)


where pLen = 31. The length  of the Zadoff-Chu sequence is given by the largest prime number such that.
The grouping is done such that the cross-correlation of any base sequence in a group and its time-domain cyclic shifts with a base sequence (of any length) from the other group is low. Each cell/TRP is then assigned a group. The low circular cross-correlations between bases sequences across groups maintains low inter-cell interference for simultaneous SRS transmissions. The intra-cell orthogonality is achieved via FDM or TDM, different comb offsets or cyclic time shifts of the same base sequence. 
One of the options considered for the NR SRS sequence design is to use the LTE SRS sequence design, given by equation-1 above, with support for wider NR system bandwidths. Moreover, one can extend NR SRS design to include more groups, e.g., 60, by changing the parameter pLen in (1) appropriately. This design option inherits all the good PAPR/CM and cross correlations properties. Next, we provide performance evaluation, in terms of PAPR, CM and cross-correlations (X-corr), of the NR SRS design based on LTE SRS design with new roots for higher sounding bandwidths. We also provide comparison with LTE SRS performance plots for reference. 
2.2 Evaluations: Cubic metric and Cross-correlation
Assumptions for evaluation:
1. System bandwidth: The maximum system bandwidth as per working assumption [2] is assumed to be 272 PRBs. 
2. Evaluations are performed for comb value of 1, 2 and 4. 
3. FFT size = 4096.
4. Over sampling factor for computing Cubic-metric is 8.
5. Number of groups = 30, 60
6. Sounding bandwidths: 
a. For LTE: All the multiples of 4 PRB, up to maximum of 96 PRB, such that the number of roots are at least equal to the supported number of groups, for a given comb value.
b. For NR: All the multiples of 4 PRB, up to maximum of 272 PRB, such that the number of roots are at least equal to the supported number of groups, for a given comb value.
7. Cross-correlation: In measuring cross correlation between two sequences, all possible (in integer multiples of PRBs) shifted overlap cases were considered. 

For the sake of brevity, we only provide performance comparison plots for comb = 2, ngroups = 30, in the main text. Please refer to the Appendix for other values of the parameters.
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Figure-1: CDF of Cubic metric 
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Figure-2: CDF of PAPR 
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Figure-3: CDF of Cross-correlation
Based on the performance evaluation of CM/PAPR and cross correlations, we recommend confirming the working assumption from [2] to the following proposal.
Proposal 1: NR-SRS supports sequence design based on LTE SRS sequence design equations as one of the options.

2.3 Supported set of sounding bandwidths
In LTE there are quite many configurations of supported bandwidths for different system bandwidth options. In all the cases, the supported sounding bandwidths in any configuration is such that it follows nested values, e.g., 4, 12, 24, 48 PRBs. Such nesting among other things also facilitates perfect narrow-band frequency hopping in the SRS transmission. In NR SRS design as well such a feature is desirable. However, after 96 PRBs, providing only the multiples of power of 2^k, for various values of k (as in LTE) would be too sparse options for a wider band. Hence, we propose following sets of supported sounding bandwidths.
Proposal 2: In NR-SRS the supported sounding bandwidths are same as LTE, with extension beyond 96 PRBs is provided in integer multiples of 96 PRB, i.e., 96 * k, where k = 1, 2, … PRBs. 
4. Conclusion
To summarize, in this contribution we provided evaluation of PAPR and cross correlation properties of SRS sequences for NR and our views on the supported set of SRS bandwidths for NR. 
We made the following proposals:
Proposal 1: NR-SRS supports sequence design based on LTE SRS sequence design equations as one of the options.
Proposal 2: In NR-SRS the supported sounding bandwidths are same as LTE, with extension beyond 96 PRBs is provided in integer multiples of 96 PRB, i.e., 96 * k, where k = 1, 2, … PRBs.
References
1. [bookmark: _Ref450569520]Chairman’s notes for 3GPP TSG RAN WG1 NR Ad-Hoc#2, Qingdao, P.R. China, 27th-30th June 2017.
1. Chairman’s notes for 3GPP TSG RAN WG1 Meeting #90, Prague, Czech Republic, 21st-25th August, 2017.

Appendix
Evaluations for comb values 1, 2 and 4 for groups 30 and 60.
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