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1 	Introduction
During RAN1 NR AhHoc #3 meeting, the following working assumptions and agreements were made on NR SRS transmission and configuration [1].
Agreements:
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
Agreements:
· 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
Agreements:
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
Agreements:
· NR supports C_SRS and B_SRS to be UE-specifically configurable
Based on these available conclusions and FFS parts, we further discuss the remaining details on Sounding Reference Signal (SRS) design. This contribution is revised from contribution R1-1716511.
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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, remaining SRS design details are discussed.
2.1   SRS resource configuration
According to conclusions from RAN1 NR Ad-Hoc #2 meeting, LTE SRS sequences is already agreed to be supported for NR SRS sequence. For enhanced schemes of SRS sequence design, there are three options to enhance the performance for flexible SRS transmission especially for different UEs with partial overlapping bandwidth. In RAN1 90 meeting, the maximum PRB number, i.e. 272, is agreed to be supported by SRS sequence. For option 1, the sequence is truncated from one long ZC sequence according to the SRS PRB location. It has good cross-correlation and PAPR because of good mother code. As an example, some initial evaluation results are given in [2]. For option 2, block-wise ZC sequence concatenation is used to generate one long sequence. It also has good cross-correlation because of optimized block-wise ZC sequence. On account of multiple block concatenation, the PAPR value may be related with block number, which is determined by SRS sequence length and block length. When the concatenated block number is larger, the PAPR for option 2 is higher than that for option 1. The option 2 will be limited by large PAPR issue caused by supporting large PRB number, i.e. 272. For option 3, the sequence is generated with the same LTE SRS sequence generation mechanism with additional roots. The PAPR is good since the sequence is based on LTE SRS sequence. The cross-relation is dependent on these additional roots. After introducing more roots, it will introduce more realization burden for gNB to make good selection of root. Based on above discussion, we suggest to adopt option 1 as the enhanced scheme for NR SRS sequence design on account of low cross-correlation and PAPR if enhanced SRS sequence design is needed for NR.
Proposal 1: Option 1, i.e. truncated ZC design, is adopted as the enhanced scheme for NR SRS sequence design on account of low cross-correlation and PAPR.
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: Support flexible SRS density e.g. Comb and CS number.
In RAN1 89 meeting, it is agreed NR should support UE specific configured bandwidth based on tree-like SRS bandwidth sets (analogues to LTE). For UE specific SRS bandwidth configuration CSRS, the supported SRS bandwidth needs being discussed. Since the basic sounding bandwidth configuration structure, i.e. tree-like structure, is similar with LTE system, the available SRS bandwidth configuration table specified in LTE can be reused as much as possible when the configured bandwidth part is not wider than LTE uplink system bandwidth. In RAN4 #84 meeting, there is conclusion on maximum PRB number for each supported channel bandwidth on account of spectral utilization [4]. It can provide the reference to determine the number of table for SRS bandwidth configuration if multiple tables are used. Also some bandwidth configuration needs being designed to support sounding all the channel bandwidth as much as possible. From another view, it is agreed in RAN1 AdHoc #2 meeting that the sounding bandwidth is multiple of 4 PRBs and at least 4 PRBs is supported as one SRS sounding bandwidth. To well support multiple level sounding level, the supported bandwidth can be multiple of 12 PRBs or 16 PRBs when the bandwidth of configured UE specific component carrier or bandwidth part is more than 110 PRBs. For SRS bandwidth parameter BSRS, 2 bits can be reused for 4 sounding bandwidth sets on account of good tradeoff of signaling overhead and sounding flexibility.
Proposal 3: Sounding bandwidth configuration tables specified in LTE are reused in 5G NR.
Proposal 4: 2 bits are used for BSRS to indicate 4 sounding bandwidth sets.
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. 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. The RF retuning time between partial bands may be related with UE capability, carrier frequency and bandwidth spacing between two partial band. The flexible hopping pattern between partial bands can be defined to meet the time requirement of partial band switching. 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 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for in and between band/CC switching.
In RAN1 NR Ad-Hoc #2 meeting, it is agreed that antenna switching for SRS transmission within a carrier is supported. In RAN1 #90 meeting, antenna switching for SRS transmission within a carrier is supported for UE configured with 2Tx/1Tx. It can be useful for DL CSI acquisition based on reciprocity for UEs with different Tx/Rx number. Even for one Tx configuration, diverse situation also exists. For example, there may be 2 different situations. One is one antenna has the capability of 1Tx to 3 antenna switching and another antenna have no switching. Another is both antennas have the capability of 1Tx to 2 antenna switching. On account of diverse Tx/Rx number and switching situation for different UEs, one universal scheme supporting all the scenarios is good from view of forward compatibility and thus more attractive. SRS resource group is already agreed in RAN1 NR Ad-Hoc #2 meeting, which is composed of one or more SRS resource(s) for different purposes. Thus, SRS resource group can be defined for SRS antenna switching. In detail, each SRS antenna group can be transmitted on one SRS resource in the SRS group, where all the antennas are divided into multiple antenna groups because of different Tx/Rx number. One example is shown in Fig.1 where different time offset is used for different SRS resources in one group since simultaneous transmission for multiple antenna group is not possible with the constraint of Tx chain number. If CSI for multiple beams are needed, multiple SRS resource groups can be used with each SRS resource group associated with one beam. To simplify the signaling design, the SRS resources in one group can be configured jointly with some common parameters, such as: period, Comb, SRS bandwidth, frequency hopping bandwidth, number of antenna port. The time offset between different SRS resources can be designed on account of antenna switching time requirement and minimizing time space for accurate channel estimation. The antenna switching time requirement is related to hardware capability at UE’s side and can be obtained by UE reporting. The transmission time for different SRS resources in one group can be adjacent, space with one OFDM or space with one slot. 
SRS transmission with repetition can be used for coverage enhancement. There is some similarity between SRS transmission with antenna switching and repetition. The main difference lies in whether the antenna port group are switched for SRS transmission on the SRS resources in one group. Thus, the unified solution based on SRS resource group can be considered for SRS transmission with antenna switching and repetition. The antenna port group for the actual transmission needs being indicated for SRS resources in one group. For example, the on-off switching signaling for antenna switching can be used to indicate which antenna port group(s) are for used for SRS transmission.
Proposal 6: SRS resource group is designed for supporting SRS transmission with antenna switching and/or repetition.


Fig.1 Example of SRS resource group design for supporting antenna switching and/or repetition
In RAN1 90 meeting, NR supports two options for collision avoidance on a given carrier between short PUCCH and SRS, where collision is defined whenever SRS and PUCCH are transmitted in the same symbol regardless of whether there are overlapped REs or not. For the first option, TDM scheme is supported. For the second option, SRS or short PUCCH will be dropped in case of collision. The details are FFS. Generally, there is the same issue in LTE system, where SRS can be used for obtaining uplink and downlink CSI acquisition. The transmission priority is defined as: PUCCH with ACK/NACK>aperiodic SRS>PUCCH for CSI>periodic SRS. This mechanism can serve as a start point for 5G NR discussion on transmission priority between CSI acquisition SRS and PUCCH. In 5G NR, SRS can be also used for beam management. For beam management SRS, it should be transmitted with higher priority since the link quality is already degraded when beam management procedure is triggered. At least it can put higher priority than aperiodic SRS for CSI acquisition, PUCCH for CSI and periodic SRS for CSI acquisition. As for the priority between beam management SRS and PUCCH with ACK/NACK, it may be related with whether PUCCH with ACK/NACK can be received correctly during beam management stage. If beamformed transmission scheme based on selected beams is used for PUCCH, PUCCH may not be able to correctly received during beam management stage. In this case, SRS for beam management can be put high priority relative to PUCCH with ACK/NACK. The second point is semi-persistent SRS is supported in 5G NR. If semi-persistent SRS is used for CSI acquisition, it can be put similar priority with periodic SRS similar as LTE mechanism. If semi-persistent SRS is used for beam management, it can be put the same priority as beam management SRS. The third point is about SRS for both downlink and uplink CSI acquisition. In 5G NR, channel reciprocity is widely used and thus SRS transmission is important for obtaining downlink CSI. Thus, more discussion can be made whether different priority is needed for downlink and uplink CSI acquisition SRS.
Proposal 7: Transmission priority defined in LTE system, i.e. PUCCH with ACK/NACK>aperiodic SRS>PUCCH for CSI>periodic SRS serves as the start point for discussing priority between CSI acquisition SRS and PUCCH. 
Proposal 8: Priority of beam management SRS is separately discussed, e.g., higher priority than aperiodic SRS for CSI acquisition or PUCCH for CSI.   
2.2   SRS design for beam management
In the frequency domain, SRS can be distributed in wideband or localized in narrowband. In general, localized narrowband SRS transmission will reduce the impact to other UEs. Especially, when multiple OFDM symbols are used for beam management SRS transmission, the impact to other UE needs being paid more attention. Furthermore, the narrowband transmission is also more suitable for power limited case because of smaller transmission bandwidth. The measurement accuracy is also better on account of larger density for RS. Yet, the bandwidth for narrowband SRS needs to be specified to guarantee the receptions performance. Generally, cell edge UE may need more SRS time frequency resource to meet the measurement performance requirement. It can be realized by more frequency resource, i.e. PRB and/or time resource, i.e. transmission opportunity.
Proposal 9: Narrowband localized transmission is used for beam management SRS.
In power domain, NR supports beam specific power control as baseline. Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS). For beam management SRS, multiple OFDM symbols may be used for beam scanning. The same SRS transmit power can be used to make fair comparison between candidate beams. For heterogeneous network, the transmission power of SRS for CSI acquisition may be different on account of different location of TRPs. But for beam management SRS, it is not easy to determine difference coming from different location and different beams. Thus, it will be more complex to introduce the power adjustment part related to TRP location. It will be a more realizable scheme with joint consideration with TRP selection and beam selection in uplink beam management. Thus, we propose to use the same transmit power for SRS transmission during one round of beam sweeping in both homogeneous and heterogeneous network. In detail, the same power control parameters, including open loop parameter sets, close loop power control process and RS resources for pathloss measurement will be common for all the candidate beams and used for SRS power control. These parameters can be configured by gNB.
Proposal 10: One common configuration of open loop parameter sets, close loop power control process and RS resources is used for uplink power control of beam management SRS transmission for all candidate beams. 
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 11: 1 or 2 bit dynamic signalling is used to trigger aperiodic SRS for beam management.
3 	Conclusions
Based on above discussion. We also make the following proposals and observations:
Proposal 1: Option 1, i.e. truncated ZC design, is adopted as the enhanced scheme for NR SRS sequence design on account of low cross-correlation and PAPR.
Proposal 2: Support flexible SRS density e.g. Comb and CS number.
Proposal 3: Sounding bandwidth configuration tables specified in LTE are reused in 5G NR.
Proposal 4: 2 bits are used for BSRS to indicate 4 sounding bandwidth sets.
Proposal 5: Flexible hopping pattern needs to be designed to support UEs with different time requirement for in and between band/CC switching.
Proposal 6: SRS resource group is designed for supporting SRS transmission with antenna switching and/or repetition.
Proposal 7: Transmission priority defined in LTE system, i.e. PUCCH with ACK/NACK>aperiodic SRS>PUCCH for CSI>periodic SRS serves as the start point for discussing priority between CSI acquisition SRS and PUCCH. 
Proposal 8: Priority of beam management SRS is separately discussed, e.g., higher priority than aperiodic SRS for CSI acquisition or PUCCH for CSI.
Proposal 9: Narrowband localized transmission is used for beam management SRS.
Proposal 10: One common configuration of open loop parameter sets, close loop power control process and RS resources is used for uplink power control of beam management SRS transmission for all candidate beams.
Proposal 11: 1 or 2 bit dynamic signalling is used to trigger aperiodic SRS for beam management.
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