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1 Introduction
During RAN1 #86bis meeting, the following agreements were made on NR SRS [1-3].
Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE
Agreements:
· At least one of precoded and non-precoded SRS based UL link adaptation procedure should be supported in NR, with at least following different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE
· Configurable number of SRS ports are 1, 2, 4, or [8]. Other possible numbers FFS.
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE
· Configurable number of SRS ports are 1, 2, or 4. Other possible numbers FFS.
· Multiple precoded SRS resources (if supported) can be configured.
· At least one of the following is supported
· Precoder for SRS can be determined by UE based on measurement on DL RS and 
· Precoder for SRS can be indicated by gNB
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
· Note: Some parts of above procedures might be transparent to UE
· FFS: UE may select a subset of SRS ports for SRS transmission
For SRS, the function of CSI acquisition and beam management are agreed and the function of RRM measurement is FFS [1, 4]. Based on these available conclusions, we share our further considerations on Sounding Reference Signal (SRS) design in this contribution.
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SRS is used for base station to obtain uplink channel station information (CSI). Also it can provide downlink CSI when channel reciprocity between uplink and downlink exists. To guarantee efficient usage of highly directional transmission and reception with the aid of beamforming, SRS can also be used for beam management [5-6]. When SRS is designed, these kinds of SRS for different functions needs consider together.
·  SRS resource configuration 
In LTE system, both periodic and aperiodic SRS are supported. For periodic SRS, it can provide basic uplink CSI for eNB’s scheduling. For aperiodic SRS, it can provide instant and accurate uplink CSI for burst service. These two kinds of CSI can be used together with combination to achieve good tradeoff between overhead and obtaining accurate CSI. With introducing semi-static SRS, the SRS resource can be effectively shared by many users and improve the SRS use efficiency. The signaling overhead is also reasonable. However, SRS transmission is UE specific and can be well controlled by gNb. With increasing the flexibility of SRS transmission, e.g. multiple shots and multiple partial bands, the necessity for introducing semi-static SRS may be reduced when periodic and aperiodic SRS are combined to use.
Proposal 1: periodic SRS and aperiodic SRS should be supported, while motivation for introducing semi-persistent SRS is not clear. 
In LTE system, frequency scanning pattern is specified. It is not flexible to measure UL channel information. For NR, flexible sounding in frequency can be supported by configurable SRS bandwidth. Thus, wideband and subband/ narrowband scanning can be used according to gNb’s configuration. Especially, narrowband option can be used to enable utilizing a narrowband digital RX at BS to improve UL sweeping operation by not requiring time domain sweeping to determine BS UL beam. To quickly obtain instantaneous subband CSI, frequency hopping of narrowband SRS can be supported. Fig.1 gives one example of flexible SRS configuration in frequency domain.


Fig.1 Flexible SRS configuration in frequency domain
Consecutive PRBs for SRS transmission within a partial-band is supported [1-2]. But the size of partial band is FFS. If SRS is used to support large bandwidth sounding, the size of partial band needs to be larger than 20MHz. In this case, the RPF can be extended to sound large bandwidth, especially for power limited users. If SRS is used to support flexible sounding and/or instant sounding, the finer granularity can be used. The supported bandwidth by LTE can be a start point for discussion. For the configuration of multiple partial bands, whether SRS can be transmitted simultaneously in multiple partial-bands is FFS. It could have the benefit of fast sounding and have a larger frequency range to possibly achieve frequency selective scheduling gain. However, the transmit power will be increased with multiple partial band transmission to guarantee target receive quality. The PAPR issues should be paid more attention for power limited user in this case. From another view, the performance needs further evaluation especially in comparison with one partial band with same bandwidth as multiple partial bands.
In LTE system, the CDM and FDM are used for multiplexing SRS of different UEs by cycling shift and Comb. With an increased comb number, more SRS resources from different UEs are multiplexed in the frequency domain. However, the channel impulse response (CIR) sample interval between two adjacent CSs will be decreased proportionally in the DFT based channel estimation. Thus, it may have impact on channel estimation results [7]. For small cells in NR, the cell size can be small and multipath delay is reduced. Suitable number can be discussed again together with evaluating the impact of channel estimation quality. Therefore, flexible CS and Comb can be discussed for increasing the flexibility of SRS.
Proposal 2: The flexible SRS configuration in frequency can be supported, including wideband and subband scanning, narrowband SRS hopping. 
Proposal 3: Performance evaluation and PAPR issue need further investigation for simultaneous SRS transmission in multiple partial bands.
· SRS design for beam management 
In LTE system, only the last symbol in the configured subframe is used for SRS transmission. The capacity is not plentiful with supporting 4 uplink antenna ports. There is higher user density in NR system. Moreover, beam management function needs being carried by SRS. Thus, the capacity will become more limited. From another view, orthogonal resource has to be allocated to UEs with simultaneous sounding to reduce interference and guarantee channel estimation quality. Thus, more resource has to be considered to support more and more UEs. 
For increasing SRS resource, multiple OFDM symbols can be considered. For beam management, it can be used for consecutive UL receiving beam scanning or UL transmit beam scanning. One example is shown in Fig.2. For CSI acquisition, it can be used for multiple subband scanning. Moreover, it can be used to improve the channel estimation quality for high speed UEs. Thus, multiple symbol SRS can increase SRS capacity, reduce the sounding delay and meet the requirement of the channel estimation performance for diverse UEs. For these cases, the sounding can be thought a joint behavior at multiple subframes. Naturally, it can be triggered by one signaling to save signaling overhead. The subframe pattern can be diverse according to gNb’s requirement. Thus, multi-shot SRS transmission can be used to support flexible and efficient SRS sounding with reasonable signaling overhead and meet diverse sounding requirements.

 Fig.2 Multiple symbol SRS transmission for beam sounding
Proposal 4: Multiple symbols sounding can be supported for beam management.
Proposal 5: Multiple shot SRS transmission can be supported to flexible and efficient SRS sounding with reasonable overhead and meet diverse sounding requirements.
To guarantee flexible and fast CSI acquisition, the dynamic signaling is used for triggering aperiodic SRS transmission in LTE. In DCI format 4, 2 bits dynamic signaling are used to provide more flexibility for aperiodic SRS parameters, such as bandwidth, location, UL transmit antennas, cyclic shifts, comb, etc. In 5G NR, the beam management function can be carried by SRS. Since the beams can dynamically change according to the UE location and transmission link quality, it is required to support triggering aperiodic SRS transmission for beam management requirement. For example, the initial uplink beam can assume to be determined by measurement of downlink beam reference signal or beamformed CSI-RS if there exists channel reciprocity between uplink and downlink. Then, UEs will report the beam related measurement results, e.g. RSRP/RSRQ. When gNb finds the link quality for the monitor beams are not good, it can trigger aperiodic SRS transmission for beam management. Several events can be defined for triggering SRS transmission. These events may be related to the absolute and relative change of beam related measurement results.
Proposal 6: Dynamic aperiodic SRS triggering can be supported for beam management requirement.
· SRS design for Link adaptation
Antenna port number for non-precoded and precoded SRS are discussed for UL link adaptation in the previous meeting. For non-precoded SRS, port number 1, 2, 4 are agreed to be supported and port number 8 or other number is FFS. With increasement of antenna port at UE’s side, it can exploit beamforming gain and improve capacity in theory. The actual gain needs further evaluation especially when larger number of antenna port, e.g. 32, is used at TRP’s side. From the view of peak rate, it will be useful by support of layer 5-8 transmission in the uplink. On the other hand, it will increase SRS overhead and thus reduce the space for flexible SRS design. The standardization effort will also be increased. For example, 8 port non-precoded SRS pattern and 5-8 port uplink DM-RS pattern need being designed. For precoded SRS, port number 1, 2, 4 are agreed to be supported and other number is FFS. Since some beamforming gain can be achieved by precoded SRS by well designed beam management mechanism, it is not clear for the benefit to introduce more than 4 ports for precoded SRS. Therefore, it is better to see the performance gain before introducing more SRS port number for UL link adaptation.
Proposal 7: Clear performance gain should be shown before introduction of more than 4 SRS antenna ports.
When UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE, the precoder for SRS can be determined by UE based on measurement on DL RS or indication by gNB [1, 3]. For indication by gNB, gNB needs to determine precoder before using precoded SRS. The precoder used for SRS has two implementation approaches. One is firstly using un-precoded SRS to get the codebook for precoded SRS usage at the next time. Another is using predefined multiple beam vectors or precoding vectors as first step training, then gNB can get one favored beam index or precoding vector index based on gNB detection. One favored beam or precoder index can be identified and indicated to UE. For the second option, one benefit is no need for codebook specification.
Proposal 8: For precoded SRS, predefined UL precoder training can be considered for getting UL precoding vector.
· Inter-cell SRS coordination 
For cell edge UEs, the quality of CSI measurements is affected by SRS interference. Sometimes, the interference can be severe when SRS resources are independently allocated in neighboring cells. The pilot contamination problem can limit the massive MIMO performance, especially for MU-MIMO case. Therefore, SRS interference needs to be controlled by SRS resource coordination among cells within a potential coordination cluster. For example, orthogonal resources can be allocated for SRS transmission of cell edge UEs between neighboring cells. In addition, interference randomization schemes should be considered as well. 
Proposal 9: Consider different SRS orthogonalization methods (e.g. TDM, FDM, frequency hopping) as well as interference randomization methods (e.g. sequence hopping) to reduce inter-cell interference.
3 Conclusions
Based on above discussion. We also make the following proposals and observations:
Proposal 1: periodic SRS and aperiodic SRS should be supported, while motivation for introducing semi-persistent SRS is not clear.  
Proposal 2: The flexible SRS configuration in frequency can be supported, including wideband and subband scanning, narrowband SRS hopping. 
Proposal 3: Performance evaluation and PAPR issue need further investigation for simultaneous SRS transmission in multiple partial bands.
Proposal 4: Multiple symbols sounding can be supported for beam management.
Proposal 5: Multiple shot SRS transmission can be supported to flexible and efficient SRS sounding with reasonable overhead and meet diverse sounding requirements.
Proposal 6: Dynamic aperiodic SRS triggering can be supported for beam management requirement.
Proposal 7: Clear performance gain should be shown before introduction of more than 4 SRS antenna ports.
Proposal 8: For precoded SRS, predefined UL precoder training can be considered for getting UL precoding vector.
Proposal 9: Consider different SRS orthogonalization methods (e.g. TDM, FDM, frequency hopping) as well as interference randomization methods (e.g. sequence hopping) to reduce inter-cell interference.
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