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Introduction
In RAN1 #89, the following has been agreed as a progress of SRS design for NR [1]:
Agreements:
· When UE beam correspondence is not hold, 
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI
Agreements:
· When UE beam correspondence holds,
· NR supports the indication for a configured SRS resource, where the transmission of the SRS resource is performed with the same spatial filtering as the one used for the reception of the indicated DL RS
· The indication can be based on CSI-RS resource, 
· FFS: signaling details (e.g., a low overhead mechanism, reciprocal QCL (if supported))
· FFS: The indication via MAC CE and/or DCI
· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS
· The UL RS indication can be SRI (SRS resource indicator), at least
· FFS: The indication via MAC CE and/or DCI

In RAN1 NR AH #3, the following has been agreed as additional progress for SRS design [2]:
Agreement:
Confirm the working assumption
· SRS sequence for NR is supported for up to 272 PRBs by using LTE SRS sequences generation equation
· Note: 272 PRBs corresponds to the maximum bandwidth support by NR
· FFS: On the set of supported SRS bandwidths

Agreement:
SRS ports more than 4 per SRS resource is not supported in Rel-15

Agreement:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 
· Design principle in LTE for SRS transmission can be a starting for the details in NR
· FFS: For the case UE with 2Tx, where one antenna have the capability of 1Tx to 3 antenna switching, and another antenna have no switching
· FFS: SRS transmission for antenna switching and associated SRS resource / resource group configurations
· FFS: Antennas in a antenna group can transmit SRS simultaneously, and FFS on antenna indexing in each antenna group
· FFS: The relationship between SRS antenna switching and SRS resource hopping considering SRS repetition within one SRS resource
· This feature is used at least to acquire downlink channel information

Agreement
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed

In this contribution, we discuss remaining details on SRS design for NR.
Remaining Issues
SRS transmission bandwidth
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, thus requiring multiple SRS transmissions to acquire CSI for multiple subbands when frequency selective scheduling is used. In NR, it has been proposed to support SRS transmission for non-consecutive partial bands at least for CP-OFDM cases. On the other hand, non-contiguous UL transmission creates intermodulation (IM) distortion issue so that a maximum power reduction (MPR) to satisfy emission requirement needs to be used and which may result in worse performance than contiguous allocation. Therefore, at least for Rel-15, non-consecutive partial bands for SRS transmission is not supported.
Proposal-1: no support SRS transmission in non-consecutive partial bands in Rel-15

SRS frequency hopping
In the previous RAN1 meeting, RAN1 has agreed that at least last 6 symbols can be used for an SRS transmission. For beam management, it has been agreed that an SRS resource can span up to 4 adjacent symbols within a slot, where the set of subcarriers for the 4 adjacent symbols are same so that the uplink Tx beam sweeping or repetition for Tx beam sweeping can be used. For CSI acquisition, there is no strong motivation to use the same frequency resource in different symbols in the same slot for an SRS resource. Therefore, frequency hopping over adjacent symbols can be considered for a fast CSI acquisition of multiple partial bands as far as the partial bands for frequency hopping are located within the same bandwidth part.
Proposal-2: frequency hopping of partial bands over adjacent symbols is supported for SRS transmission

Beam association for SRS transmission
The SRS can be used for CSI acquisition and/or beam management. It has been agreed that SRS resource indicator (SRI) can be used for the uplink beam indication of an SRS transmission. In this scenario, two types of SRS resources can be configured for a UE, where the first type of SRS resource is for beam management and the second type of SRS resource is for CSI acquisition. For beam management purposes, multiple SRS resources can be configured for beam sweeping and each SRS resource can be associated with an uplink beam. A gNB can select an uplink beam based on the SRS resources for beam management and indicate SRI for SRS transmission which is used for CSI acquisition. Since the SRS resources for beam management may be configured with a small number of antenna ports (e.g., 1 or 2), all antenna ports for an SRS resource can be associated with a single beam for the sake of simplicity.  
Proposal-3: an SRS resource is minimum resource to determine an uplink beam
Two alternatives have been agreed for SRS beam determination such as gNB transparent Tx beam (Alt-1) and gNB indication of Tx beam (Alt-2). The Alt-1, a UE determines a Tx beam for an SRS resource, can be used for beam management where a number of SRS resources can be requested by a UE based on the UE capability and the Tx beam of each SRS resource can be determined by the UE. While the Alt-2 could be used when a single SRS resource is configured for CSI acquisition so that a UE is indicated the Tx beam for the SRS transmission (e.g., SRI). Therefore, there is no configuration is needed between Alt-1 and Alt-2 for an SRS transmission and it is implicitly determined based on the operation mode of the SRS transmission.   
Proposal-4: Alt-1 (gNB transparent Tx beam) is used for SRS for beam management and Alt-2 (gNB indication) is used for SRS for CSI acquisition

SRS vs. short PUCCH prioritization
In RAN1 #90, the prioritization between sPUCCH and SRS has been agreed in order to handle the collision between sPUCCH and SRS in the same symbols. As a first option to support, symbol level TDM has been agreed, however, it is not clear the definition of the symbol level TDM. For example, it could be the case that gNB makes sure that there is no collision and always symbol or slot level TDM is used. Alternatively, when collision happened, one of the channel (e.g., SRS or sPUCCH) can be delayed and transmitted in different symbols within the same or different slot. Considering that dropping of SRS may not result in significant system performance impact, the latter alternative (delayed transmission of SRS or sPUCCH) shouldn’t be supported as it may require significant standards efforts.
Proposal-5: no support of delayed transmission of SRS or sPUCCH when collision occurred
Also, the working assumption of the option 2 has been confirmed that prioritization rule is used when collision occurred. Considering that aperiodic SRS is supported in NR, gNB can trigger the SRS transmission whenever it is needed. Therefore, dropping SRS when collision occurred doesn’t seem to have any system performance impacts. Based on this observation, dropping SRS always when it collides with sPUCCH transmission seems to be appropriate and simpler.
Proposal-6: drop SRS always when collision occurred

Semi-persistent SRS transmission
The support of 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 signal within the maximum time window which started after activation.
Proposal-7: a maximum activation window is introduced for semi-persistent SRS transmission

Summary
This contribution discussed on the remaining issues on SRS. Based on the discussions, we propose followings:
Proposal-1: no support SRS transmission in non-consecutive partial bands in Rel-15
Proposal-2: frequency hopping of partial bands over adjacent symbols is supported for SRS transmission
Proposal-3: an SRS resource is minimum resource to determine an uplink beam
Proposal-4: Alt-1 (gNB transparent Tx beam) is used for SRS for beam management and Alt-2 (gNB indication) is used for SRS for CSI acquisition
Proposal-5: no support of delayed transmission of SRS or sPUCCH when collision occurred
Proposal-6: drop SRS always when collision occurred
Proposal-7: a maximum activation window is introduced for semi-persistent SRS transmission
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