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1. Introduction
In last RAN1 #88bis meeting, it is agreed that the following techniques are supported/studied for NR SRS [1]. 
· Support configurable SRS sequence ID by UE specific configuration if SRS sequence ID is supported
· Configuration examples: 
· higher layer 
· high layer + L1 signalling, If hierarchical indication of SRS sequence ID is supported, (example: base sequence ID and/or phase rotation ID)
· NR supports aperiodic SRS triggering field in DCI.

· Supports at least one state of the field that can select at least one out of the configured SRS resources. 

· FFS: details
· Scheduling SRS resources to multiple UEs where the resources have full and/or partial overlap of SRS time-frequency resources (REs) is supported, where

· The multiple SRS resources can share the same root sequence values in the overlapping REs to allow for low or zero mutual cross-correlation

· FFS: Minimum overlap granularity to ensure zero cross-correlation

· FFS: Detailed sequence design taking into account at least Cubic Metric, PAPR, and cross-correlation properties amongst overlapping SRS resources
· A UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot

· FFS where all of the X SRS ports are sounded in each OFDM symbol

· FFS at least for the purposes of CSI acquisition:

· FFS a multi-symbol SRS resource can be configured such that the X SRS ports in each OFDM symbol are transmitted in different locations of the band in different OFDM symbols in the slot in a frequency hopping manner

· Note: This allows sounding a larger part of (or the full) UE bandwidth using narrower band SRS transmissions

· Note: at any OFDM symbol, all X ports are sounded in the same portion of the band

· Note: Consider UE RF implementation aspects on SRS design that may place constraints on the design of the symbol-wise hopping pattern

· e.g., Required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed
In this contribution, we give our views on aspects of SRS sequence generation and SRS transmission. 
2. Discussion 
2.1 SRS sequence generation 
In LTE, SRS sequence is generated based on the whole SRS bandwidth configured for UE, and the SRS bandwidth is no more than 20MHz.  Larger system bandwidth is used to improve peak data rate in NR, and the RS bandwidth configured for one UE may be larger than that in LTE. In addition, higher user density needs to be supported in NR, thus SRS capacity becomes more limited. 
To achieve flexible multiplexing of SRS among users, concatenated block-wise SRS can be considered in NR.  As shown in Figure 1, a SRS sequence can consist of multiple short sequences, each of which is spanning over a fraction of entire band configured for the UE. Orthogonal multiplexing of SRS with partially overlapping BWs among users can be achieved easily by this design of concatenated block-wise SRS, while the PAPR of SRS sequence may be raised. 
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Fig.1 Concatenated block SRS and the multiplexing between UEs

To avoid concatenation of identical sequences as that could lead to high PAPR, different SRS base sequences can be generated by using different VCID for each SRS band. The determination of VCID can be based on the subband index of SRS block. Furthermore, different orthogonal sequences, e.g. cyclic shift, can also be considered for different subbands, and then interference randomization can be achieved.
Proposal 1: Concatenated block-wise SRS can be considered in NR to achieve flexible multiplexing of SRS among users. 
Proposal 2: SRS sequence is a function of the sounding bandwidth position or the PRB position. Different VCID, orthogonal sequences can be introduced to generate SRS base sequence of each SRS band.
2.2 Semi-persistent or aperiodic SRS

In LTE-A, two-level configuration for SRS parameters was introduced in Rel-10, which includes two steps. Firstly, multiple sets of SRS parameters can be configured by BS via RRC signaling. Then SRS is triggered along with one parameter set by BS via DCI signaling. In NR, SRS is not only used to acquire UL CSI or DL CSI when reciprocity exists, but also used for uplink beam management. More sets of SRS parameters are required to achieve flexible UL beam management and dynamic SRS configuration from time domain, frequency domain, code domain and beam domain. To achieve more flexible SRS resource management, the overhead of DCI would be large if adopting this two-levels configuration approach. To reduce the DCI overhead, three-level SRS configuration can be considered in NR. For example, M sets of SRS parameters are configured by BS via RRC signaling. Then N sets of SRS parameters are selected from M sets by BS via MAC CE signaling. Finally, K sets of SRS parameters are selected from N sets by BS via DCI signaling. 
Proposal 3: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR. 
2.3 SRS frequency hopping
In LTE，both cell-specific and UE-specific SRS periodicity and subframe offset are configured to UE for SRS transmission, and only last symbol in uplink normal subframe and several symbols in UpPTS of special subframe can be allowed to transmit SRS. In last RAN 1 meeting, it is agreed that a UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot, it means that multiple reserved SRS symbols are supported in NR to increase SRS multiplexing capability. 
To improve the uplink channel estimation quality for cell-edge UE, symbol level or slot level frequency hopping of partial-band SRS can be considered in NR. For symbol level SRS frequency hopping, as shown in Figure 1, to improve resource utilization, the unused bandwidth of SRS symbol, e.g., the resource reserved for PUSCH, can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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Fig.2 Symbol level SRS frequency hopping
Proposal 4: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. 
Proposal 5: To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
3. Conclusion
In this contribution, we discuss SRS design for NR. From the above discussion, we have the following proposals:

Proposal 1: Concatenated block-wise SRS can be considered in NR to achieve flexible multiplexing of SRS among users. 
Proposal 2: SRS sequence is a function of the sounding bandwidth position or the PRB position, different VCID, orthogonal sequences can be introduced to generate SRS base sequence of each SRS band.
Proposal 3: To achieve flexible SRS resource management and reduce DCI overhead, three-level SRS configuration can be considered in NR. 
Proposal 4: To improve resource utilization, the unused bandwidth of SRS symbol can be used to transmit PUSCH from same UE or different UE if PUSCH is scheduled by gNB. 

Proposal 5: To avoid the collision between SRS and PUSCH from different UE belong to the same cell, whether to use the reserved resource for PUSCH should be indicated by gNB. 
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