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Introduction
In RAN1#86, some agreements were made on framework of NR UL/DL MIMO and CSI acquisition. In this contribution we discuss purposes of UL SRS transmission and considerations on design principles.  

Discussion
SRS has been a crucial part of LTE system, in LTE Rel-8 periodic SRS transmission is supported which evolved into aperiodic SRS in LTE Rel-10. Further enhancement to SRS was introduced in Rel-13. Base station measures channel on SRS transmitted from UEs and the channel information obtained can be used for UL or DL data transmission. 
In LTE, at least in TDD system SRS has been utilized for obtaining DL channel information through channel reciprocity. In high frequency bands in NR, it is envisioned that most of the spectrum will be unpaired meaning that UL and DL operates on same frequency. As the size of antenna becomes large for higher band operation, some constraints such as antenna calibration need to be considered in order to fully utilize channel reciprocity.  
In LTE, another use case of SRS transmission is for eNB to obtain UL channel information for PUSCH scheduling. Up to 4 ports SRS transmission is supported in LTE; eNB estimates CSI on SRS antenna ports then indicates MCS and PMI to UE in DCI. Similar mechanism, known as codebook based scheme, can be used in NR. Another mechanism is where UE transmits multiple pre-coded SRS and TRP chooses one of them and indicate it to the UE for UL data transmission. This could be similar to UL Tx beam sweeping, where UE transmits multiple SRS symbols using different beams and TRP searches for best UL Tx beam. 
The NR system is supposed to support from sub 6GHz up to 100GHz frequency bands, and it is envisioned that NR will support multiple numerologies, i.e., multiple sub-carrier spacing. UL SRS transmission should also support different numerologies. Similar to LTE system, wideband and sub-band SRS transmission should be supported in NR for different use cases. In the case of wideband SRS transmission, whether and how to support multiple numerologies should be considered. In the case of sub-band SRS transmission frequency hopping across different numerologies should also be considered.

2.1 Periodic SRS transmission
NR should support periodic SRS transmission in UL and basic signal design of SRS can be similar to LTE which comprises frequency domain comb and cyclic shift of the sequence. Since multiple numerologies are envisioned for NR periodic SRS transmission should also consider multiple numerologies; it should be studied how an UE transmits SRS with multiple numerologies. For example, if UE capability is defined for simultaneous transmission of SRS with multiple numerologies then for the UE capable of simultaneous transmission of SRS with multiple numerologies there could still be different scenarios where network can control the UE behavior for SRS transmission. Semi-static or dynamic control signal can be considered for whether an UE can transmit SRS simultaneously with multiple numerologies or only with single numerology. In the case of simultaneous multiple numerologies for SRS transmission, if supported, how the UE transmits SRS should be defined since the symbol length for different numerologies could be different.   
Main purpose of periodic SRS transmission is to maintain the link between UE and network (TRP) so the transmission bandwidth can be relatively large if not whole system bandwidth. In high frequency operation UL coverage will be a critical issue, for UEs capable of analog beamforming beam sweeping in UL transmission should also be considered. In such case, for large system bandwidth if the sub-band size is relatively small and SRS frequency hopping similar to LTE may take longer time to sweep across the whole system bandwidth. 
UL Tx beam sweeping is essential for beam management and tracking where channel reciprocity doesn’t hold, so periodic SRS beam sweeping should be considered in NR. For the purpose of UL Tx beam sweeping the number of periodic SRS antenna ports can be lower or even single port. The periodicity and sweeping signal design should consider UL Tx beam sweeping delay and overhead.
Periodic SRS can also be used for obtaining CSI at the network side. Since the periodicity could be longer only long term channel information may be obtained.

2.2 Aperiodic SRS transmission
Similar to periodic SRS, there are two use cases of aperiodic SRS. To obtain CSI for UL and DL scheduling of data sub-band and multi ports SRS would be beneficial. Aperiodic SRS is a useful tool to efficiently obtain CSI at network side, which is introduced in LTE. Similar aperiodic SRS mechanism can be used in NR for obtaining UL CSI or DL CSI through channel reciprocity. Both single shot and multi shot (semi persistent) aperiodic SRS transmission should be considered. 
Aperiodic SRS for UL Tx beam sweeping is another use case, which can be used for dynamic beam management. When a UE is triggered to transmit SRS with beam sweeping, the UE will transmit multiple SRS using different beams at preconfigured time frequency locations or signaled together with triggering information. The numerology for beam sweeping SRS could be different from the SRS for CSI acquisition.


Conclusions
This contribution we discussed the purposes of SRS and basic design considerations, we have following observation and proposal.
Observation: There are two purposes of periodic and aperiodic SRS, UL Tx beam sweeping and CSI acquisition.  
Proposal: Wideband and sub-band, periodic and aperiodic with multiple numerologies should be supported for SRS transmission in NR.
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