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Introduction
In RAN1 #88bis, the following has been agreed as a progress of SRS design for NR [1]:

Agreements:
· 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
Agreements:
· 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
Agreements:
· 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 discuss further details on sounding reference signal design for NR.
Discussions
SRS for beam management
It has been agreed as a working assumption that one or more sub-time units which may be associated with one or more beams in an OFDM symbol for downlink. Considering that the number of analogue beams could be large, the sub-time can reduce the required time/frequency resources for beam sweeping significantly, especially for P1/U1 procedure.
As similar to CSI-RS, sub-time unit based uplink beam sweeping also can be supported as it can significantly reduce the uplink resources for beam sweeping.
Proposal-1: a sub-time unit is used for uplink beam sweeping within an OFDM/DFT-s-OFDM symbol
A DFT-based sub-time unit has been introduced for CSI-RS in our companion contribution [2] which can be used for SRS transmission as well. Since the DFT-based sub-time unit uses a localized frequency resources with a sequence generated with a DFT operation, it could be used for both CP-OFDM and DFT-s-OFDM without increasing PAPR. In addition, it also provides a flexibility to generate the number of sub-time units as well as the guard time between adjacent sub-time units which allows beam switching across sub-time units. Therefore, it is recommended to use the DFT-based sub-time unit for uplink beam management.
Proposal-2: DFT-based sub-time unit is supported for SRS
The SRS resource indicator (SRI) has been agreed to indicate an uplink beam assuming that multiple SRS resources are configured and each SRS resource is associated with an uplink beam, the indication of an SRS resource can be considered as an uplink beam indication. If a sub-time unit is supported for SRS transmission, each sub-time unit should be considered as an SRS resource if a different beam is used for each sub-time unit. 
Proposal-3: a sub-time unit should be considered as an SRS resource if a different beam is used for each sub-time unit

SRS for CSI acquisition
A semi-persistent SRS transmission which may be activated/deactivated by L1 control signalling or MAC CE has been agreed to address the control signalling overhead while keeping the scheduling flexibility. The semi-persistent reference signal transmission has been used for downlink reference signal transmission as it can efficiently reduce the reference signal overhead as compared with periodic reference signal transmission while the control signalling overhead is lower than that of aperiodic reference signal in some cases.
Unlike downlink semi-persistent reference signal transmission (e.g., semi-persistent CSI-RS transmission), the impact from misdetection of deactivation signal could be significant as a UE may keep sending an SRS which may result in unnecessary interference and UE battery consumption. Therefore, the semi-persistent SRS transmission should include automatic turn-off mechanism after a maximum time window (e.g., preconfigured or indicated) if there is no deactivation within the maximum time window. Therefore, regardless of signalling mechanism (e.g., DCI or MAC-CE), a maximum time window is introduced so that a UE automatically deactivate semi-persistent SRS transmission if the UE doesn’t receive deactivation within the maximum time window which started after activation.
Proposal-4: a maximum activation window is introduced for semi-persistent SRS transmission
It has been agreed that partial band SRS transmission is supported and the partial band size is configurable (e.g., N PRBs). The frequency resources used for SRS transmission in LTE has been consecutive in order to keep the single carrier property of the SC-FDMA. Therefore, if a UE is power limited, the partial frequency resource for SRS transmission should be localized, thus requiring multiple SRS transmissions to acquire CSI for multiple subbands when frequency selective scheduling is used.
Considering that OFDM is one of the waveforms used for uplink in NR, SRS transmission in multiple non-consecutive partial bands may be supported so that gNB may acquire the CSI for multiple subbands with lower latency. 
Proposal-5: support SRS transmission in multiple non-consecutive partial bands in NR 
In uplink, a UE may be configured to use either OFDM or DFT-s-OFDM waveform based on the UE uplink coverage level. Hence, multiplexing OFDM and DFT-s-OFDM in the same subframe should be supported at least in a FDM manner in order to avoid uplink scheduling restriction. Considering that a UE can be triggered to transmit SRS irrespective of the waveform configured, NR should consider a unified SRS design that supports multiplexing of SRSs from UEs configured with different waveforms.
Proposal-6: support a unified SRS design for OFDM and DFT-s-OFDM waveforms 
In LTE, cell-specific and UE-specific SRS subframes have been used so that a UE is informed in which subframe the UE should avoid collision between SRS and other signals and the UE should transmit SRS if configured or triggered. Similar to LTE, cell-specific and/or UE-specific SRS subframe concept may be reused in NR. Alternatively, on-demand SRS subframe may be considered in NR for better flexibility of SRS transmission.
Proposal-7: study necessity of cell-specific and/or UE-specific SRS subframe configuration in NR
Summary
This contribution discussed on the design considerations of SRS in NR. Based on the discussions, we propose followings:
Proposal-1: a sub-time unit is used for uplink beam sweeping within an OFDM/DFT-s-OFDM symbol
Proposal-2: DFT-based sub-time unit is supported for SRS
Proposal-3: a sub-time unit should be considered as an SRS resource if a different beam is used for each sub-time unit
Proposal-4: a maximum activation window is introduced for semi-persistent SRS transmission
Proposal-5: support SRS transmission in multiple non-consecutive partial bands in NR 
Proposal-6: support a unified SRS design for OFDM and DFT-s-OFDM waveforms 
Proposal-7: study necessity of cell-specific and/or UE-specific SRS subframe configuration in NR
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