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Introduction
The UL SRS design has been discussed during RAN1#87 meeting with the following agreements [1]:
[bookmark: _GoBack]Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)	
· Details FFS
· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB

Agreements:
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).
· FFS the value of N
· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability
· NR to support SRS transmission where the numerology(ies) can be configurable for a UE.
· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)

Agreements:
· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span
· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 

In this paper, we first overview the LTE SRS structure. Then, one potential structure for the SRS mapping in one symbol supporting wideband transmission is presented.
Discussion
2.1 Overview of LTE SRS
In the current LTE system, SRS signal is generated based on CAZAC sequence with low PAPR. In frequency domain, the signal patterns as shown in Fig.1 are used, where the red subcarriers transmit the SRS signal assuming a certain comb value. Different cyclic shift values and transmission comb values are employed to support orthogonal multiplexing. The LTE system supports up to 12 orthogonal cyclic shift values with 4 transmission comb values. In time domain, there are two approaches for the SRS signal. One is a long sequence transmitted in one symbol, while the other is composed of multiple short sequence transmissions on subframe basis using also frequency hopping. Obviously, the latter has a benefit in power limited scenarios. In addition, legacy LTE system provides many SRS sequence options with different lengths considering different sounding bandwidths, to satisfy the diverse requirements of the system. In addition, both periodic and aperiodic sounding schemes are also supported in the legacy LTE system.
[image: ]
Figure 1 LTE SRS signal in frequency domain
From above overview, it could be seen that 
Observation 1: The combination of comb based frequency pattern and ZC sequence brings low PAPR for LTE SRS. It’s beneficial for UL DFT-S-OFDM based waveform.
Observation 2: Legacy SRS supports wideband transmission in a single symbol and partial band transmission on multiple symbols. Legacy SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions).
Proposal 1: Legacy SRS could be a starting point for NR SRS.
2.3 NR SRS structure
One typical feature of NR is that system bandwidth will be much wider than that of 20MHz in LTE, with the maximum system bandwidth of at least 80MHz [2]. This creates much greater challenges in the power limited scenarios. The legacy approach utilizing multiple SRS transmissions is still a good choice. However, considering forward compatibility and NR self-contained frame structure, it would be desirable to support the legacy one symbol transmission approach with some optimizations for NR.
For NR, UL beamforming becomes feasible and necessary. In RAN1 #86bis [3] it was agreed to study UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE. In RAN1#87[1] it was agreed that a UE can be configured with K ≥ 1 NR-SRS resources. Thus, SRS could support beam based sounding, and could even be used as BRS for beam sweeping. SRS should still have the capability of supporting UL beam sweeping in case of UE movement, rotation, and multiple TRP coordinated transmission. 
Considering the above, one possible scheme for the frequency pattern based on SRS resource block(s) is illustrated in Fig.2, where one SRS resource block is composed of one or more resource block(s), and multiple SRS blocks consists of the frequency part of one SRS resource. In principle, for inter-block configuration, block level based SRS frequency pattern could be utilized to flexibly adjust frequency density in a large scale. This approach could be assumed feasible as small performance loss would be expected considering large coherence bandwidth in NR due to beamforming. For intra-block configuration, subcarrier level frequency pattern could still be adopted to provide orthogonal SRS resources, e.g. LTE legacy SRS. The intra-block comb value could be chosen depending on different requirements. For example, for SRS used as BRS, it is enough that one or a few resource elements in every resource block are employed. The LTE SRS pattern with a long sequence is a special case of the proposed SRS frequency pattern, when every resource block in the SRS bandwidth is used to transmit SRS.
[image: ]
Figure 2 An illustration of wideband SRS signal
Based on above discussions, we have the following proposal:
Proposal 2: The wideband and/or partial-band SRS signal could be non-continuous in frequency domain with configurable granularity in order to adapt among different scenarios.
It can be expected that the inter-block mapping will increase PAPR. For example, approximately 2~4dB PAPR increase was observed in [4]. This can be acceptable especially for UEs employed with CP-OFDM waveform. On the other hand, FDM and/or TDM and/or CDM including OCC could be adopted to satisfy SRS orthogonal multiplexing requirements, instead of conventional cyclic shift sequence to realize SRS orthogonal multiplexing.
Conclusion
In this contribution, we firstly overview LTE SRS design with the following observation and proposal:
Observation 1: The combination of comb based frequency pattern and ZC sequence brings low PAPR for LTE SRS. It’s beneficial for UL DFT-S-OFDM based waveform.
Observation 2: Legacy SRS supports wideband transmission in a single symbol and partial band transmission on multiple symbols. Legacy SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions).
Proposal 1: Legacy SRS could be a starting point for NR SRS.
Finally, regarding large bandwidth and frequency scanning requirements, one possible SRS structure is introduced, based on two level frequency allocation: inter-block, and intra-block mapping of SRS in one symbol to realize flexibly frequency mapping. Based on the aforementioned discussions, we have the following proposal:
Proposal 2: The wideband and/or partial-band SRS signal could be non-continuous in frequency domain with configurable granularity in order to adapt among different scenarios.
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