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1 	Introduction
During RAN1 #89 meeting, the following agreements were made on NR SRS for beamformer determination and data scheduling [1].
Agreements:
· ZC based sequences shall be used for NR SRS sequence design
Agreements:
· Support SRS sequence ID to generate SRS sequences where SRS sequence ID is UE specifically configured using
· RRC
· FFS: UE specific ID (example: C-RNTI) which can be overwritten by RRC signaling
· FFS: for combination of RRC and DCI
· Root(s) of Zadoff-Chu based sequence(s) of an SRS sequence is at least a function of SRS sequence ID
· FFS on details of the function, 
· Examples: 
· The function is parameterized only by SRS sequence ID
· The function is parameterized by SRS sequence ID, length of SRS sequence, SRS sequence scheduled time
· The function is a random number generator, intended for sequence hopping, with a SRS sequence ID as a random seed
· The function is parameterized by SRS sequence ID, scheduled time and frequency location of the SRS sequence
· FFS: sub-time-units for SRS (if supported), SRS sequence generation details, e.g., block wise sequence generation and concatenation (one/multiple roots), long sequence based designs (one root), etc.
Conclusion:
· Regarding SRS sequence design, companies are encouraged to perform evaluations considering:
· Alt-1 SRS sequence generation is not a function of allocated PRB position
· Alt-2 SRS sequence generation is a function of allocated PRB position
· Aim to conclude next meeting
Agreements:
· Support switching between partial bands for SRS transmissions in a CC
· At least when an UE is not capable of simultaneous transmission in partial bands in a CC 
· Consider RF retuning requirement for partial band switching
· Note: definition of partial band is equivalent to “bandwidth part” definition in wider bandwidth operation agenda item
Agreements:
· NR supports configuration of an X-port SRS resource spanning N adjacent OFDM symbols within the same slot where
· N = 1, 2, 4 at least
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
Agreements:
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources
Based on these available conclusions and FFS parts, 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 uplink beam management. When SRS is designed, its supported property and function need consider together. In the following part, some SRS design details are discussed.
·  SRS resource configuration
SRS sequence can be designed with optimization for reducing both the intra-cell and inter-cell interference. For Alt.1, SRS sequenced is designed based on sounding bandwidth. The sequence allocation with low correlation can be used to reduce interference. For Alt.2, SRS sequence is a function of sounding bandwidth position or the PRB position. With alternative 2, the partial-band overlap is well supported with low correlation. It increases the flexibility and usage efficiency for sounding. On the other hand, the interference resistance will be reduced by the short sequence. The PAPR issue also needs further consideration with concatenation of multiple short sequences into one long sequence. To achieve the tradeoff between SRS transmission flexibility and channel estimation performance, PAPR, we propose each UE uses only a portion from the “full length” sequence according to its SRS PRB allocation as a UE specific SRS sequence. Here, “full length” sequence can be called mother sequence. The mother sequences are Zadoff-Shu sequences selected so as to minimize cubic metric (CM) of final SRS sequences with arbitrary scheduling arrangements [2]. For each UE, one cyclic shift will be allocated for mother sequence. Based on the cyclic shifted mother sequence, it takes a portion of this sequence according to its PRB allocation and uses it as a SRS sequence. With the proposed scheme, it can achieve the benefit of good ortoghonality over different SRS bandwidths, low cross-correlation and PAPR.
Proposal 1: Each UE uses only a portion from the “full length” sequence according to its SRS PRB allocation as a UE specific SRS sequence.
In LTE system, both CDM and FDM are used for multiplexing SRS of different UEs by cycling shift and Comb. With increased comb number, more SRS resources from different UEs are multiplexed in the frequency domain. For the cases with multiple panel uplink transmission and heterogeneous network with multiple TRP receiving, the link quality may have large difference. Thus, the SRS density, e.g. Comb number, can be changed according to measured link. With this flexible configuration, SRS resource can be used more efficiently. On the other hand, 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 [3]. 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 supported for increasing the capacity and flexibility for SRS transmission.
Proposal 2: Flexible SRS density e.g. Comb and CS number can be supported.
In RAN1 #88 meeting, frequency hopping within a partial-band for a UE is supported by NR. In RAN1 #89 meeting, switching between partial bands for SRS transmission in a CC is supported and RF retuning requirement for partial band switching needs consideration. Based on available agreements, we need further consider the detail for SRS hopping mechanism in and between partial bands. In LTE system, the multiple level tree structure is used for sounding, where different sounding granularity can be configured for UEs in different location. This structure can be reused in 5G NR to guarantee reliable and flexible sounding. For different partial bands, the different sounding bandwidth and granularity can be discussed for increasing the sounding flexibility. To realize fast sounding for gNB’s flexible scheduling, SRS hopping scheme in and between multiple partial bands can be made in one slot. When SRS hopping is made between multiple partial bands, SRS in one hop can be transmitted in one partial band for good PAPR property, including when UE is not capable of simultaneous transmission in partial bands in a CC. In this case, SRS hopping includes two level hopping, i.e. hopping on multiple partial bands and in one partial band. During discussion of SRS switching between LTE component carriers, RAN4 agrees that the RF switching time can be defined in the following values: 0, 30us, 100us, 200us, 300us, 500us, 900us given that the RF switching time may have some dependency on the CA scenarios and UE implementation [4]. With the similar principle, the RF retuning time between partial bands may be related with UE capability, carrier frequency and bandwidth spacing between two partial band. Thus, SRS hopping pattern in time domain should meet the time requirement of partial band switching. To adapt the different requirements of different UEs, the flexible hopping pattern between partial bands can be defined. As another motivation, the sounding configuration for each partial band may be diverse because of possibly different bandwidth. In detail, some hopping parameters for multiple partial band hopping can be defined, including hopping order and transmission number ratio between multiple partial bands. If SRS for multiple numerologies are configured for one UE, independent hopping can be made on account of different SRS configuration in time and frequency domain.
Proposal 3: Flexible hopping pattern needs to be designed to support different time requirement of different UEs for multiple partial band switching.
In 5G NR SRS for multiple numerologies can be configurable for one UE. However, it is FFS whether multiple numerology SRS can be transmitted simultaneously. Similarly, it is related with whether UE need support simultaneous data transmission with multiple numerologies. Generally, transmission with multiple numerology is needed for different services. For simplicity, it can be configured in different subframes. Thus, the motivation should be clarified for supporting simultaneous multiple numerology transmission. Furthermore, there is interference at the boundary in the frequency domain with different numerologies. Thus, the guard region in frequency domain is needed between SRS for different numerologies. It will increase the realization complexity of receiver. Thus, motivation and implementation issues can be discussed if simultaneous SRS transmission for multiple numerologies is supported.
Proposal 4: The motivation and implementation issues needs discussion for simultaneous SRS transmission with multiple numerologies.
Antenna port number for non-precoded and precoded SRS are discussed for UL link adaptation. 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. Also, when Tx antenna port is 8, there is performance gain by frequency selective precoding (backhaul application) [5]. 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 realization complexity is increased by more layer number. 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, the benefit to introduce more than 4 ports for precoded SRS can be further evaluated. Therefore, it is better to see the tradeoff between performance gain and SRS overhead, realization complexity, standard impact before introducing more SRS port number for UL link adaptation.
Proposal 5: The tradeoff between performance gain and SRS overhead, realization/standard impact can be further analyzed for introducing more than 4 SRS antenna ports.
· SRS design for beam management
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, one NW-controlled mechanism for beam management for UL transmission is supported in NR. gNB can get the link quality information by UE reporting, such as RSRP/RSRP and/or CSI. When gNB finds the link quality for the monitored beams are not good, it can trigger aperiodic SRS transmission for beam management. For aperiodic SRS transmission triggered by single aperiodic SRS triggering field, UE can be configured to transmit N(N>1) SRS resources for UL beam management. To meeting variable beam precision, including transmission number for RX beam sweeping, multiple states can be used for triggering signaling, where UE specific SRS configuration can be linked with each state. On account of tradeoff between sweeping delay and robustness of beam management, one orthogonal beam subset with desired spatial granularity can be linked for one state. Similar as SRS triggering for CSI acquisition, 1 or 2 bit dynamic signaling can be used for SRS triggering for beam management.
Proposal 6: 1 or 2 bit dynamic signalling can be used for aperiodic SRS triggering for beam management.
· 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 7: 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.
· SRS design for Dynamic TDD Interference Mitigation
In RAN1 #87 meeting, RS design is agreed to be further studied aiming to mitigate cross-link interference with flexible/dynamic TDD based on with and without the assumption on inter-cell coordination. For UL-to-DL interference measurement, DL gNBs can listen to/sense and measure the equivalent of SRS transmissions from neighboring cells’ UL UEs on CSI-IM resources, where uplink SRS transmission resources are aligned with downlink CSI-IM resources [6]. These measurements should also ideally take into account the DL receive beamformer and the UL transmit beamformer at the UEs. Then UL-to-DL interference can be reduced by estimating its impact on own cell’s DL UEs, e.g. using scheduling/PMI/beamforming coordination.
Proposal 8: NR need consider the use of UL SRS transmission to avoid/mitigate UE-to-UE/UL-to-DL interference. NR need consider the reporting of a UE’s measurements of neighbouring cell UEs’ UL SRS transmissions to the serving cell of the UE making the measurements by aligning the SRS transmission resources with downlink CSI-IM resources.
3 	Conclusions
Based on above discussion. We also make the following proposals and observations:
Proposal 1: Each UE uses only a portion from the “full length” sequence according to its SRS PRB allocation as a UE specific SRS sequence.
Proposal 2: Flexible SRS density e.g. Comb and CS number can be supported.
Proposal 3: Flexible hopping pattern needs to be designed to support different time requirement of different UEs for multiple partial band switching.
Proposal 4: The motivation and implementation issues needs discussion for simultaneous SRS transmission with multiple numerologies.
Proposal 5: The tradeoff between performance gain and overhead, realization/standard impact can be further analyzed for introducing more than 4 SRS antenna ports.
Proposal 6: 1 or 2 bit dynamic signalling can be used for aperiodic SRS triggering for beam management.
Proposal 7: 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.
Proposal 8: NR need consider the use of UL SRS transmission to avoid/mitigate UE-to-UE/UL-to-DL interference. NR need consider the reporting of a UE’s measurements of neighbouring cell UEs’ UL SRS transmissions to the serving cell of the UE making the measurements by aligning the SRS transmission resources with downlink CSI-IM resources.
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