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1. Introduction
In RAN1 NR #88 meetings, following agreements are made regarding SRS design and related operations.
	Agreements:

· NR considers SRS transmissions with sequences achieving low-PAPR and possible multiplexing of SRS with different SRS bandwidths in the same symbol 
· FFS details
· NR supports frequency hopping within a partial-band for a UE
· At least hopping with a granularity of subband
· FFS other cases
· FFS SRS hopping among partial-bands
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.

· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)

· Alt.2: based on gNB indication, e.g. via SRI

Agreements:

· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:

· Single SRS resource based 

· Multiple SRS resource based 

· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.


In this contribution, we discuss some consideration points on design of UL sounding reference signal for NR
2. Discussion on SRS sequence design
Main consideration point for SRS design is that the candidate sequence for NR SRS should have low PAPR and good cross-correlation properties. In [1], comparison of cross-correlation and PAPR between ZC-based, Golay-based, and PN-based sequences were shown. ZC-based sequence shows better than Golay-based or PN-based sequences in the both aspects of low PAPR and low cross-correlation.
Proposal #1: For lower PAPR and better cross-correlation properties, it prefers to use ZC-based sequence as baseline for NR SRS design.
Though UL system bandwidth in NR is increased than that of LTE, the required number of UEs and each UE’s antennas per TRP can be increased more significantly so that it could results in shortage of SRS resources. In addition, allowing partial overlapping between partial band SRS resources for different UEs would provide more flexibility to network with regards to UL CSI acquisition and UL resource utilization.

Following two alternatives for the SRS sequence design were identified:
· Alt-1. SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position.
· Alt-2. SRS sequence is a function of the sounding bandwidth position or the PRB position.
In Alt-1, it will be hard to assign orthogonal SRS sequences for different UEs of which sounding BWs are partially overlapped. In this case, however, we can keep the same design principle as LTE, i.e., ZC sequence based design and TC based multi-user multiplexing support. The design can provide good PAPR/CM performance. In addition, considering the case of coexistence with CP-OFDM UEs and DFTs-OFDM UEs, it would be desirable to design SRS pattern commonly applicable to both waveforms to manage UL interference more efficiently. More importantly, this alternative is essential for low-end UEs having poor power amplifier property and low UL coverage.
Alt-2, however, can allow partial overlapping of SRS resources of different UE so that better UL resource utilization efficiency can be achieved. For Alt-2, both non-orthogonal sequence based and orthogonal sequence based approaches can be considered. For non-orthogonal sequence based approach, pseudo-random sequence can be used for each SRS sequence generation. Multi-user can be multiplexed quasi-orthogonally but the cross-correlation of sequences may not be consistent due to various combinations of sounding BW and sounding position. Better approach would be to use multiple short ZC sequence based sequence generation. A single UL sounding RS transmission by a UE can consist of multiple short sequences each of which is spanning over a fraction of entire band configured for the UE, and the concatenated multiple sequences are transmitted simultaneously, as shown in Figure 1. Different SRS resources having different sounding BW and sounding positions can be easily multiplexed by generating orthogonal sequences per unit BW. 
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Figure 1. Multiple short ZC sequence based SRS sequence generation
Proposal #2: Regarding two alternatives for SRS sequence generation in the previous agreements, Alt 1 is preferred for the UE requiring low PAPR transmission for sufficient UL coverage. For UEs with relaxed PAPR requirement and without coverage issue, Alt 2 can be beneficial in terms of UL resource utilization efficiency, where concatenation of multiple short ZC sequences can be considered.
For concatenated blocks composed of multiple short ZC sequences, we evaluate PAPR performance with various numbers of blocks and sequence length per block. Two methods were tested to increase number of blocks. Case 1) the length of each block is fixed and SRS BW varies according to the number of blocks, Case 2) SRS BW is fixed and the number of blocks varies. We use following setting for the evaluations. 
· For Case 1, 
1. Length of a block is 4 PRBs with TC 4 (sequence length= 12)
2. ZC sequence in each block is generated with a randomly selected root from 0 to 11 and a randomly selected cyclic shift from 0 to 11.
· For Case 2,

1. SRS bandwidth is 96 PRBs with TC 4 (sequence length=288)
2. Block length are 4, 8, 16, 24, 48, and 96 PRBs, respectively
3. ZC sequence in each block for over 16 PRBs is generated with a randomly selected root from 0 to 29.
4. For 4 and 8 PRB block lengths, ZC sequence in each block is generated with a randomly selected root from 0 to 11 and 0 to 23, respectively.

5. Cyclic shift within a block is selected randomly from 0 to 11 similarly to LTE setting.
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Figure 2. PAPR comparison of ZC sequences with different block numbers (Case 1)
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Figure 3. PAPR comparison of ZC sequences with different block numbers (Case 2)
In above results, we observed that PAPR performance is getting worse as the number of blocks increases so that certain limitation on the total number of blocks will be needed in this case. If the number of blocks is relatively small the increase of PAPR is not so severe but the maximum supportable value may up to UE capability. 
Proposal #3: Consider limiting the number of blocks for concatenated block SRS design in accordance with UE capability.
3. Discussion on SRS design for different purposes

Similar to two different types of DL CSI-RS resource, i.e., Type A CSI-RS resource for MIMO CSI feedback and Type B CSI-RS resource for DL beam management, two different types of SRS resources would also be considered, in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management in our companion contribution [2]. 
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Figure 4. An example of UL beam management via SRS transmission
When multiple Type B SRS resources for UL beam management are configured to the UE and multiple SRS ports are configured within the resource, same or different UE Tx beams could be applied on the configured SRS ports for supporting UL beam management. For example, when we assume every SRS transmission instance consists of a single OFDM symbol for a configured Type B SRS resource with P SRS ports, the UE applies P different analog beam directions, each applied to a different SRS port, and transmits them simultaneously. For this example, the UE is assumed to be implemented with P TXRUs/panels, so that the value of P or related information may need to be initially delivered to gNB as UE capability signaling for proper configurations on Type B SRS resource(s) for UL beam management. After measuring transmitted SRS ports in Type B SRS resource, gNB may select preferred analog beam(s) to be used for applying to Type A SRS resource(s) via indication of SRI/port index for UE Tx beam. In Figure 4, we can see the overall UL beam management procedure via SRS transmission. In this case, we assume that three Type B resources are configured to UE where each SRS resource contains two SRS ports. Then, UE transmits two different analog beams simultaneously for each SRS resource, each applied to a different SRS port within a Type B SRS resource. UE also changes beam direction per SRS resource sequentially so that total 6 UL beams are transmitted. Then, gNB indicates UL Tx beam via SRS resource indicator (SRI) and port index to UE. If multiple SRS resources with a single port are configured for UL beam management, UL Tx beam can be indicated by only SRI.
Proposal #4: NR should consider two different types of SRS resources in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management.

Proposal #5: One of the following options should be supported for precoder/beam indication for SRS transmission
· Option 1: SRS resource indicator (SRI)

· Option 2: SRI and SRS port index

4. Discussion on multiplexing of SRS resources
In high frequency band, UE could equip with a number of antenna elements. It is expected that diverse beamforming related capability of UE needs to be supported such as number of panels/antenna elements/RF chains and antenna wise or entire array wise power control/phase shifting granularity and range. Depending on UE beamforming capability, the number of simultaneously transmittable beams could be different (e.g. single TXRU based analog beamforming UE vs. full digital beamforming UE). Multiple beams can be multiplexed in TDM, FDM, or TDM+FDM manners depending on UE beamforming capability. Since the more FDMed SRS ports may cause the less SRS coverage, the multiplexing method can be dependent on SRS coverage as well. If LTE DL Class B like operation is adopted for NR UL (see details in our contribution [3]), multiple SRS resources can be configured to UE, where each SRS resource can be beamformed differently. From the measurement of beamformed SRSs, network can indicate SRS resource index to UE for UL MIMO precoding. Same principle can be applied for UL beam management [2] as well. If we assume a SRS resource as a minimum unit for UE Tx beamforming, above mentioned discussion can be applied for inter-SRS-resource multiplexing method. 
Proposal #6: When multiple SRS resources is configured/indicated to be transmitted within a slot, different inter-SRS-resource multiplexing method (e.g. TDM, FDM, TDM+FDM) should be supported depending on UE beamforming capability and SRS coverage. 
5. Consideration on UL beam sweeping
DL/UL beam correspondence may not always be guaranteed due to several reasons such as different beam selection criteria between TX-beam (e.g. considering signal strength) and RX-beam (e.g. considering interference mitigation) in the gNB, antenna configuration mismatch, radio channel variation, asymmetric interference between UL and DL, and duplex distance. For the above reasons, it would be necessary to consider UE TX-beam sweeping based UL beam tracking operation by using UL sounding RS transmission 

For UE Tx-beam sweeping, sounding RSs can be transmitted during multiple symbols triggered by network. It means that each UE’s Tx beam sweeps in every transmission of sounding RS symbol. Moreover, number of candidate UE Tx beams would be UE specific because of different capability or category of UE antennas and UE specific channel variation. Thus, for the purpose of UL beam refinement, such SRS resources should be configured flexibly, including partial-band or full band size.

Required number of SRS symbols within a slot should be determined for UL beam sweeping in NR. It is more common that number of UE Tx beams are far smaller than that of TRP Tx beams. In addition, it seems that full sweeping of UL beams may not frequently required because full or partial DL/UL beam correspondence assumption would be more common. Limiting the maximum number of SRS symbols within a slot would be desirable in order not to restrict UL scheduling as well. UL beam sweeping with larger number of beams can also be supported by conducting UL beam sweeping across multiple slots. Therefore, it seems sufficient to use a few SRS symbols to support UL beam sweeping. 

Proposal #7: It is desirable to limit the maximum number of SRS symbols for UL beam sweeping to a several symbols(e.g. 4) within a slot.
6. Conclusion
This contribution discussed SRS design for NR. Following proposals are given,
Proposal #1: For lower PAPR and better cross-correlation properties, it prefers to use ZC-based sequence as baseline for NR SRS design.

Proposal #2: Regarding two alternatives for SRS sequence generation in the previous agreements, Alt 1 is preferred for the UE requiring low PAPR transmission for sufficient UL coverage. For UEs with relaxed PAPR requirement and without coverage issue, Alt 2 can be beneficial in terms of UL resource utilization efficiency, where concatenation of multiple short ZC sequences can be considered.

Proposal #3: Consider limiting the number of blocks for concatenated block SRS design in accordance with UE capability.

Proposal #4: NR should consider two different types of SRS resources in terms of their different operational purposes, i.e., Type A SRS resource for UL link adaptation, and Type B SRS resource for UL beam management.

Proposal #5: At least one of following options for UL Tx beam indication to UE should be supported.

· Option 1: SRS resource indicator (SRI)

· Option 2: SRI and port index

Proposal #6: When multiple SRS resources is configured/indicated to be transmitted within a slot, different inter-SRS-resource multiplexing method (e.g. TDM, FDM, TDM+FDM) should be supported depending on UE beamforming capability and SRS coverage.
Proposal #7: It is desirable to limit the maximum number of SRS symbols for UL beam sweeping to a several symbols(e.g. 4) within a slot.
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