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1. Introduction
At the RAN1 #90bis meeting [1], following agreements have been reached on SRS design. About SRS multiplexing schemes, the agreements are as follows.
	Agreement:
NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 		
FFS: configuration of fewer than the maximum number defined cyclic shifts


On SRS group and sequence hopping, following has been agreed.
	Agreement
For group and sequence hopping, both group hopping and sequence hopping are supported as in LTE.


In this contribution, we discuss several remaining issues on the NR SRS design.
2. Remaining Issues on SRS Design
CS configuration of SRS
During last meetings, it has been agreed to use a maximum of 12 and 8 CS for comb 4 and 2, respectively, while a remaining issue is whether to support the configuration of fewer than the maximum number defined CS. Although large number of CS provides more SRS capacity, it degrades the quality of the SRS channel estimation especially in large delay spread channel environments. Therefore, it will be beneficial to introduce certain flexibility that the CS number can be configured for the trade-off between SRS capacity and channel estimation quality. Meanwhile, the overhead of the configuration signalling is trivial where only 1 or 2 bits are necessary to support 2 ~ 4 configuration options. Hence, we propose the following,
Proposal 1: Support the configuration of [4], [8], 12 CS for comb 4, and [4], 8 CS for comb 2, respectively.
Additional roots based on LTE SRS sequence generation mechanism
In RAN1 NR Ad hoc #2 meeting, the LTE SRS sequence has been agreed as NR-SRS sequence. Besides, several options have been listed in the agreements for further consideration, which are
· Opt-1: Truncated ZC design, where a long ZC sequence is generated and mapped to the whole bandwidth of the carrier. The UE will transmit a segment of such signal according to the scheduled SRS bandwidth and position.
· Opt-2: Block-wise concatenation based ZC sequence generation, where the SRS sequence is generated by multiple blocks, each of which contain a ZC based sequence.
· Opt-3: Same LTE SRS sequence generation mechanism with additional roots.
where Opt-3 is on the additional roots for SRS sequence generation.
When the SRS sequence length is enough long, more SRS roots can be used and assigned to different cells to control the inter-cell interference of SRS signals. During the discussion in previous meetings, the major concern about such extension is the PAPR/CM and cross-correlation performance of obtained SRS signals. In the following, we provide evaluation results about these issues.
During the evaluations, the SRS signal is generated exactly following the LTE specifications except that the length is extended to support more PRBs for the case that 30 SRS root sequences are used,. For the cases that 60 or 120 SRS root sequences are generated, the SRS signal is generated following the same methodology of LTE sequence generation equations, but the parameters related to root sequence numbers are modified in order to generate more root sequences. For the case that 60 roots are used, the minimal length of SRS sequence is 72 while the sequence hopping is enabled when the SRS sequence length is larger than 144. For 120 roots, the minimal SRS sequence length is 132, while the sequence hopping is enabled when the SRS sequence length is larger than 264.
The CM of a general CP-OFDM signal with different modulation orders are also evaluated and shown in the results, which can be served as a reference to judge if the CM of the SRS signal is acceptable. If the CM of the SRS signal is lower than the reference, the SRS signal will not become the bottleneck which impacts the PA efficiency of the UE transmitter. Therefore, such SRS signal can be used at least with CP-OFDM waveform.
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[bookmark: _Ref492678067][bookmark: _Hlk492677581]Figure 1 Mean and max CM of SRS signals with LTE based sequence generation when comb = 2.
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[bookmark: _Ref492678078]Figure 2 Mean and max CM of SRS signals with LTE based sequence generation when comb = 4.
Figure 1 and Figure 2 show the mean and max CM of SRS signals vs. different SRS bandwidth. From the results, we can make the following observations,
Observation 1: The CM of SRS does not increase after extending the LTE sequence generation equation with 60 or 120 root sequences.
Figure 3 and Figure 4 show the cross-correlation of SRS signals vs. different SRS bandwidth. We have following observations the cross-correlations,
Observation 2: After extending the number of roots based on LTE root selection equations, the cross-correlations of the generated SRS sequences are not increased.
According to our evaluations and observations, we have the following proposals,
Proposal 2: NR supports more SRS root sequences following the LTE SRS root sequence generation methodology with modified parameters.
· NR support 60 SRS root sequences when SRS sequence length >= 72.
· NR support 120 SRS root sequences when SRS sequence length >= 132.
[image: corrcomb2]
[bookmark: _Ref492678469]Figure 3 The cross-correlation of SRS sequence with different roots when comb = 2.
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[bookmark: _Ref492678472]Figure 4 The cross-correlation of SRS sequence with different roots when comb = 2.

Additional sequence generation schemes
Under current NR SRS design, both CS and IFDMA are used as the multiplexing scheme for SRS, which is the same as the LTE. Although 8 or 12 CS are supported by NR SRS, it can only be used when multiple SRSs are fully overlapped on the frequency domain. For the partially overlapped cases, only IFDMA is applicable. The SRS capacity and scheduling flexibility are then restricted by the limited number of IFDMA comb. Therefore, it is necessary for NR SRS to support additional schemes for SRS scheduling flexibility.
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Figure 5 SRS sequence generation methodologies.
In the sense of SRS sequence generation methodology, there 3 different types of schemes which have been agreed or listed in the agreements. The diagram of these 3 schemes are shown in Figure 5.
Compared to the LTE based sequence generation, both Opt-1 and Opt-2 schemes increase the flexibility for partially overlapped SRS scheduling. One of the key issues on these two schemes is whether the PAPR or CM is acceptable for NR systems.
In our previous contribution [2], we have evaluated the CM/PAPR of the SRS signal generated based on Opt-1 and Opt-2 and obtained following observations,
Observation 3: Compared with LTE SRS sequence as a baseline, the worst CM deterioration with Opt-1 is 1.8 dB when comb = 2, and 1.7 dB when comb = 4; The worst PAPR deterioration with Opt-1 is 1.4 dB when comb = 2, and 1.3 dB when comb = 4. The PAPR/CM of Opt-2 is lower than that of QPSK modulated CP-OFDM signals.
Observation 4: Compared with LTE SRS sequence as a baseline, the PAPR/CM deterioration of Opt-2 depends on the block-size and number of blocks. If multiple block-size can be considered, which is selected adaptively according to the scheduled bandwidth, the PAPR/CM of Opt-2 can be controlled to a lower level compared with QPSK modulated CP-OFDM signals.
For Opt-1, since the SRS signal is a segment of the ZC sequence, not the full length ZC signal, there are some concerns on the CM and cross-correlation of the generated SRS signals. To answer these concerns, we further study the CM and cross-correlation of the Opt-1 SRS signals. Based on the latest agreements about SRS bandwidth, these additional evaluations on Opt-1 are extended to at most 272 PRBs as well.
Figure 6 and Figure 7 demonstrate the CM of SRS signal generated with Opt-1 and compare them with LTE SRS baseline. Different root sequence numbers are also considered during the evaluations. From these two figures, we can observe that both the mean and max values of CM with Opt-1 are not exceed the CP-OFDM reference line, and the gap of mean CM compared with LTE baseline is minor.
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[bookmark: _Ref492679750]Figure 6 The CM of Op-1 SRS signal with modified root sequence generation when comb = 2.
[image: turngood4]
[bookmark: _Ref492679751]Figure 7 The CM of Opt-1 SRS signal with modified root sequence generation when comb = 4.
Because Opt-1 is intended to support partial overlapped SRS scheduling, the correlation of two SRS signals with overlapped part is an important metric. We evaluate the cross-correlation of two Opt-1 SRS signals the compared it with LTE SRS signals. As shown in Figure 8, two Opt-1 SRS signals are generated with partial overlapping. These two signals have same root sequence but with different cyclic shifts. Because the non-overlapped part of the signal is naturally orthogonal, we only evaluate the cross-correlations on the overlapped part of the two signals. As a comparison baseline, we also evaluated the cross-correlation of the two fully overlapped LTE SRS signals, where their bandwidth is the same as the partial overlapped bandwidth of Opt-1 SRS signal. Using this baseline, we can observe whether Opt-1 SRS has similar cross-correlation as fully overlapped LTE SRS under partial overlapped cases. The evaluation results are shown in Figure 9 and Figure 10 with comb 2 and 4, respectively.
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[bookmark: _Ref492906814]Figure 8 The cross-correlation evaluation methodology for Opt-1.
[image: corrOpt2] 
[bookmark: _Ref492680626]Figure 9 The cross-correlation of two SRS signal with overlapped part when comb = 2.
[image: corrOpt4] 
[bookmark: _Ref492680628]Figure 10 The cross-correlation of two SRS signal with overlapped part when comb = 4.
The cross-correlation of Opt-1 SRS sequences are also evaluated with different roots, which reflects the level of the inter-cell interferences of SRS signals. The results are shown in Figure 11 and Figure 12.
[image: corrOpt1comb2]
[bookmark: _Ref492908452]Figure 11 The cross-correlation of Opt-1 SRS with different roots when comb = 2.
[image: corrOpt1comb4]
[bookmark: _Ref492908453]Figure 12 The cross-correlation of Opt-1 SRS with different roots when comb = 4.
Based on these results, we have following observations and proposals,
Observation 5: The CM of SRS signal generated with Opt-1 is acceptable compared to the CM of general CP-OFDM signals.
Observation 6: Compared with the fully overlapped LTE SRS sequences as a baseline, Opt-1 (truncated ZC design) has similar cross-correlations when two SRS signals are partial overlapped, which means that Opt-1 SRS is more flexible on SRS frequency domain scheduling with the support of partial overlapped SRS.
Observation 7: Compared with LTE SRS sequences as a baseline, Opt-1 (truncated ZC design) has similar performance on the cross-correlation of the generated SRS from different gNBs.
Proposal 3: Support truncated ZC design as an additional scheme to generate NR-SRS sequence. 
3. Summary
In this contribution, we discuss several issues on NR SRS design. Based on these discussions, we have following observations and proposals,
Observation 1: The CM of SRS does not increase after extending the LTE sequence generation equation with 60 or 120 root sequences.
Observation 2: After extending the number of roots based on LTE root selection equations, the cross-correlations of the generated SRS sequences are not increased.
Observation 3: Compared with LTE SRS sequence as a baseline, the worst CM deterioration with Opt-1 is 1.8 dB when comb = 2, and 1.7 dB when comb = 4; The worst PAPR deterioration with Opt-1 is 1.4 dB when comb = 2, and 1.3 dB when comb = 4. The PAPR/CM of Opt-2 is lower than that of QPSK modulated CP-OFDM signals.
Observation 4: Compared with LTE SRS sequence as a baseline, the PAPR/CM deterioration of Opt-2 depends on the block-size and number of blocks. If multiple block-size can be considered, which is selected adaptively according to the scheduled bandwidth, the PAPR/CM of Opt-2 can be controlled to a lower level compared with QPSK modulated CP-OFDM signals.
Observation 5: The CM of SRS signal generated with Opt-1 is acceptable compared to the CM of general CP-OFDM signals.
Observation 6: Compared with the fully overlapped LTE SRS sequences as a baseline, Opt-1 (truncated ZC design) has similar cross-correlations when two SRS signals are partial overlapped, which means that Opt-1 SRS is more flexible on SRS frequency domain scheduling with the support of partial overlapped SRS.
Observation 7: Compared with LTE SRS sequences as a baseline, Opt-1 (truncated ZC design) has similar performance on the cross-correlation of the generated SRS from different gNBs.
Proposal 1: Support the configuration of [4], [8], 12 CS for comb 4, and [4], 8 CS for comb 2, respectively.
Proposal 2: NR supports more SRS root sequences following the LTE SRS root sequence generation methodology with modified parameters.
· NR support 60 SRS root sequences when SRS sequence length >= 72.
· NR support 120 SRS root sequences when SRS sequence length >= 132.
Proposal 3: Support truncated ZC design as an additional scheme to generate NR-SRS sequence. 
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