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In RAN1 NR Ad Hoc Meeting [1] and RAN1#87 [2], the following agreements were made for SRS design:
	Agreements:
“For UL CSI acquisition, UE can be configured with multiple SRS resources, where
· UE can be configured to transmit SRS in each configured SRS resource. Adopt at least one of alternative(s) below:
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port)
· Alt.2: UE should apply a Tx beamformer to SRS according to gNB indication with details FFS (e.g., Tx beam for each SRS port is indicated by gNB)
· Alt.3: Other possible scheme (not precluded)”

“For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.”

“To down-select one method for NR SRS sequence generation based on at least the following alternatives:
· Alt-1: SRS sequence is a function of the sounding bandwidth and does not depend on the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Alt-2: SRS sequence is a function of the sounding bandwidth position or the PRB position. 
· Sequence design and other design details are FFS.
· Taking into account metrics such as PAPR, capacity/flexibility, etc.
· Other parameters, if any, determining SRS sequence are FFS (e.g. SRS sequence ID)”

“Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded”

“In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)
· Details FFS
FFS details on how the set of port(s) and resources for SRS can be indicated by gNB”


In this contribution we provide our views on above listed further studies with the consideration of using SRS for CSI acquisition, beam management and UL-based measurement. 
[bookmark: _Ref129681832]Discussion
Conventional SRS is primarily used for UL channel measurement and timing estimation.  NR SRS should be designed so that it can serve the purposes of the conventional SRS in NR and also be used for UL-based RRM measurements and beam management [3]-[5].
Discussion on beamformed/precoded SRS
Determination of beamformer/precoder for SRS
In [1] it was agreed for UL CSI acquisition that UE will be configured with multiple SRS resources and for each SRS resource the UE will perform Tx beamforming for SRS transmission. It was further agreed, that at least one of the following alternative(s) will be adopted:
259. Alternative.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx   beam for each SRS port)
259. Alternative 2: UE should apply a Tx beamformer to SRS according to gNB indication with details FFS (e.g., Tx beam for each SRS port is indicated by gNB)
259. Alternative 3: Other possible scheme (not precluded)
Since the beam-forming is performed per SRS port and the UE ports may be virtualized in different ways, beam-forming per port may be achieved using RF, Digital or Hybrid beamforming as required.
It was further agreed in [1] that, the beam-correspondence capability of the UE will be reported to the TRP. This capability will in turn also be available at the gNB. 
Our comments and subsequent proposals are based on these agreements.
 Alternative 1) “UE applies gNB-transparent Tx beamformer to SRS” is the best choice for UEs which have Tx/Rx beam correspondence and is suitable for channels which are spatially sparse (i.e. > 6 GHz), due to limited spatial components. When the UE is allocated a number of SRS resources (via the SRS configuration), the UE could then determine the Tx beamformer (or set of beamformed directions, e.g., the best one(s)), for the SRS which fit into these allocated resources.  Consequently, the time required for uplink CSI acquisition is reduced, since only the key spatial components are sounded.  An additional benefit of this alternative is to reduce the configuration overhead for indicating UE-side beamformer(s).
Alternative 2) “UE should apply a Tx beam-former to SRS according to gNB indication…” is a suitable choice for UEs without Tx/Rx beam correspondence and/or for UEs which have not yet performed suitable DL measurements. However since the exact spatial orientation of the UE is unknown suitable schemes to support this option, need to be studied. Examples of possible schemes include: 
i) UE first transmits non-beamformed SRS signals (like LTE-A), so that, the gNB/NR-cell can determine the best beamformer to use for SRS transmissions (assuming the UE codebook is known),  OR
ii) UE first transmits on a set of candidate beamformer(s), so the gNB/NR-cell can decide which beamformer(s) from the candidate set is (are) the best one(s) for SRS transmissions.
Both of these schemes however incur extra sounding overhead and some SRS transmission delay. Option i) has also further possible challenges for link budget limited scenarios. 
Depending upon the known beam-correspondence capability of the UE at the gNB, we propose that both alternative 1 and 2 should be supported, and that, the gNB should decide for each UE which alternative to for UE Tx beam selection should be used, based on the UE capability.
Furthermore, a combination of Alternative 1) and Alternative 2) should also be considered as a possible method for Alternative 3) in the current agreement. For such a combination the gNB/NR-cell can configure a subset of UE Tx beamformers which are available at the UE for its selection. The UE would then transmit beamformed SRS using its own selected beamformer(s) from the configured subset. This method can be used for beam management and /or for interference management. 
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Figure 1 Example of joint determination of SRS beamformer/precoder from UE and gNB/NR-cell
As an example, gNB/NR-cell may group UEs and /or Tx beamformers for certain UEs with a certain Rx beam for SRS reception at gNB/NR-cell. Then, gNB/NR-cell indicates to the UE to send SRS(s) with the UE selected beamformer(s) within one or multiple beamformer group(s), which is illustrated in Figure 1. Hence, gNB/NR-cell can obtain the CSI of the best available beam pair(s) for the current Rx beam at gNB/NR-cell. Moreover, based on DL measurement, if the best Tx beam is blocked at UE, it can transmit SRS on other candidate beam(s) within the configured subset of UE Tx beamformers. Since the Tx beamformer/ selection at UE can be transparent to gNB/NR-cell, it is not necessary for UE to report the occurrence of blockage to gNB/NR-cell. Thus, the CSI measurement based on SRS can be agnostic to UE side blockage.  
Proposal 1: Support both of the following methods for determining UE Tx beamformer for SRS:
Alternative 1) UE applies gNB-transparent Tx beamformer(s) for SRS
Alternative 2) UE should apply Tx beamformer(s) for SRS according to gNB indication
Observation 1: Determination of SRS beamformer(s) by UE should be baseline assumption for UEs with Tx/Rx beam correspondence. gNB should determine which alternative to use, based on known UE beam correspondent capabilities.
Observation 2: Schemes to support gNB/NR-cell-indicated UE Tx beamformer for SRS should take the link budget and SRS overhead into account.
Proposal 2: Support UE to select beamformer(s) for SRS from a subset of beamformers configured by gNB/NR-cell as a third alternative.

SRS configuration for SRS beam indication
If the Tx beam (set) of SRS is indicated to UE by gNB, a flexible indication method should be studied with the consideration of overhead and UE capability. Two options are considered as follows.
· UE Tx beam related information is indicated by gNB. A straightforward way is to directly indicate the Tx beam ID if it is defined in specification. Owing to different UE capability, the indication signaling size is UE-specifically determined based on the maximum supported Tx beam number. In order to reduce the overhead of beam indicator, one method is to indicate resource correspondence between SRS resource and resource for previous transmission, e.g., SRS/PRACH transmission. The UE can use the Tx beam utilized in the indicated resource. The previous transmission can also be DL transmission if Tx/Rx beam correspondence is assumed at UE side.
· gNB Rx beam related information is indicated by gNB. UE is informed about the gNB Rx beam used for reception of the allocated SRS resources, by e.g., predefined or semi-statically configured implicit association and/or explicit beam ID together with scheduling/configuration message. For example, the gNB can indicate the Rx beam ID if it is defined. Moreover, indication of resource correspondence between SRS resource and resource for previous transmission can also be used for this method, which allows UE to assume the same Rx beam is utilized in the indicated resource. Such indication also requires that beam pair links between gNB Rx beam(s) and UE Tx beam(s) are known by UE, and it would allow UE to further optimally select the best beamformer/precoder for SRS transmission.
Proposal 3: Support SRS configuration to indirectly indicate the UE-side beamformer/precoder by gNB and study methods for indication, e.g., by indicating resource correspondence or gNB Rx beam related information.
Additionally, in order to determine how many SRS resources should be configured to the UE, it is necessary for the gNB/NR-cell to have knowledge about the UE capability of SRS beam number, e.g., based on UE capability reporting. This reporting can be high layer signaling or a SRS resource request.

Configurable SRS mapping
In order to support wide band UL measurement based on frequency hopping and the beam measurement on multiple UL Tx/Rx analog beams, multi-shot SRS can be introduced. To reduce the overhead resulting from multi-shot SRS in one slot, the SRS symbols can be distributed into several contiguous slots, as depicted in Figure 2. This approach provides a flexible tradeoff between overhead per slot and CSI acquisition delay comparing with transmitting all SRS in one slot. 
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Figure 2 Multi-shot based SRS design
Proposal 4: Support configuring multiple symbols in one or more consecutive subframes/slots for multi-shot SRS transmission with single trigger from NR-cell.
Additionally, as discussed in [4], unified SRS pattern for both CP-OFDM and DFT-s-OFDM users are preferred in NR, which may support simultaneous UL measurement for UEs with different waveform, e.g. in NOMA scenario. Moreover, the standard efforts and system complexity can also be reduced. With the unified SRS pattern, both TDM and FDM between SRS and PUSCH/PUCCH can be applied, however, methods for FDM manner for DFT-s-OFDM UE should be further investigated to limit the PAPR, e.g., reducing the power of multiplexed PUSCH/PUCCH.

SRS sequence design to support larger number of UEs and flexible BW allocation
In LTE, ZC-sequences are used as base sequences for SRS. This is due to the facts that 
1) ZC-sequences exhibit a constant power in time and frequency; making them good candidates for channel measurement; and 
2) ZC-sequences can generate reference symbols with low PAPR/CM which are necessary for uplink coverage issue because of UEs’ limited PA efficiency 
3) Cyclically shifted versions of a ZC-sequence are orthogonal and ZC-sequences from different roots have low cross-correlations. 
The above properties make ZC-sequences a viable candidate as base sequences for an Alt-1 based [1] NR SRS design as well. However, if NR SRS of two or multiple UEs are scheduled in partially overlapped set of PRBs, it may result in an inadmissible inter-NR SRS interference level as the low cross-correlation property of ZC-sequences is not guaranteed for partially overlapping sequences. This problem may be overcome by proper NR SRS planning over NR Cell. Alternatively, one may consider an Alt-2 based design wherein NR SRS sequence is a function of the sounding bandwidth position or the PRB position [1]. An Alt-2 based approach can potentially improve flexibility of the NR SRS design against interference caused by partially overlapping NR SRSs. However, performance of such Alt-2 based design should be rigorously evaluated and compared with that of the competing Alt-1 based design. 
Proposal 5: Both Alt-1 and Alt-2 based SRS design approaches in [1] should be further studied and their relative pros and cons should be compared. 
In addition, in contrary to a typical LTE Cell, a NR-cell may consist of many TRPs serving UEs. Moreover, the number of UEs that are served by a NR-cell may be far larger than that of a LTE Cell. As such, NR SRS should be designed so that it is capable of supporting a large number of UEs in NR-cell. 
Observation 3: NR SRSs used in a NR-cell should be designed so that they are capable of supporting a number of UEs that may be far larger than the number of UEs in a typical LTE Cell.
Ideally, NR SRS used in the same NR-cell should be orthogonal in time/frequency or code domains to avoid any inter-SRS interference within the NR-cell. However, due to the limited number of usable cyclically shifted versions of the same ZC-sequence, a large portion of time-frequency (TF) resources may have to be allocated to NR SRSs of different UEs to maintain strict orthogonality. To avoid high SRS overhead, low correlated sequences can be considered to be used in the same TF resources. For instance, NR SRSs generated by ZC-sequences from two different roots may be used in the same TF resources. Since NR SRSs are configured by the NR-cell, it should allocate non-orthogonal NR SRSs to UEs such that the total interference on each NR SRS meets a certain requirement, e.g., stays below a threshold. 
Proposal 6: Support NR-cell to configure low correlated NR SRSs to different UEs in the same time-frequency resources when necessary.
For instance, when overhead needs to be limited, one appropriate approach to use two low-correlated SRSs in the same TF resources is to allocate them to two UEs that do not share the same serving TRP set in NR-cell. NR-cell is aware of each UE’s serving TRP set and may configure each UE’s SRS power so that it does not inflict a significant interference on the TRPs outside its serving TRP set. Another example of non-orthogonal SRS design and how to use it for CSI acquisition can be found in [6].
Table 1: number of available orthogonal and total (orthogonal plus non-orthogonal) ZC SRS sequences of different lengths for the system bandwidth of 20 MHz.
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Table 1 shows the number of available orthogonal and total (orthogonal plus non-orthogonal) ZC-sequence based SRSs of different lengths for the UL system bandwidth of 20 MHz and the symbol length of Trs = 71.35 microsecond and the SRS period is 30 millisecond. Subcarrier spacing is assumed to be 15 KHz, the number of available cyclic shifts for each ZC-sequence is 8, and the transmission comb is 2. The number of available sequences is derived for the overhead of one percent, that is, only one percent of TF resources are allocated to NR SRS. As it can be observed from the table, 873 orthogonal SRSs (derived from a single root) are available for the SRS length of 8 RBs, while the number of available orthogonal SRSs decreases to only 67 as the length of SRS increases to 96 RBs. In turns, the total number of available SRSs resources from all available ZC-roots is in the order of 40000 for all examined SRS lengths. 
Although 40000 SRS resources, as mentioned in Section 2.3, are typically much more than the necessary number of NR SRS resources in one NR-cell, the total number of available SRS resources can still be increased for multi-cell scenario, e.g.,  by allowing large UL system bandwidth, high SRS overhead, more cyclic shift, etc. 
SRS design for inter-cell interference mitigation
In RAN1 NR Ad Hoc Meeting, it was agreed that the SRS configuration can be exchanged between different TRPs. With this mechanism, the SRS interference could be avoided by coordinated scheduling of SRS among different NR-cells. The detailed SRS configuration is discussed in Section 2.5.
Except for this coordination approach, there is still another possible solution, i.e., the NR-cell could configure the blanking SRS resource (e.g., zero power SRS resource, ZP-SRS resource) to the UE to measure the interference on this SRS resource, which is illustrated in Figure 3. With the interference measurement results, the NR-cell could re-configure SRS resource to this UE to avoid/suppress the interference. Even the neighboring NR-cells can coordinate NR SRS sequence and/or TF resource allocation, interference mitigation/avoidance techniques can still be used in each NR-cell to improve the NR SRS detection performance. For example, when a UE is configured with a periodic SRS through RRC signalling, it will keep transmitting the SRS and may suffer the SRS interference during periodic SRS transmission. In this case, in order to obtain the SRS interference condition on this periodic SRS resource, a blanking SRS resource which is same with the periodic SRS resource could be configured to the UE and triggered by DCI. In this way, the interference at the periodic SRS resource could be obtained at the NR-cell to further avoid the inter NR-cell SRS interference without NR-cell coordination. 
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Figure 3 Example of blanking SRS resource
Proposal 7: To mitigate the inter-cell interference for SRS transmission, blanking SRS resource should be introduced in NR to measure the interference
In the case of coexistence of NR and LTE, SRS/PUCCH/PUSCH of NR and LTE should be multiplexed without interference to each other. To avoid the interference between SRS of NR and LTE, the NR SRS should be configured on the symbol(s) in the subframe except for the last symbol, which is used for SRS transmission in LTE. Moreover, to mitigate the interference from LTE PUSCH/PUCCH, the NR SRS transmission should be restricted in configured frequency range, which is not used for LTE PUSCH/PUCCH transmission. Moreover, the part of configured SRS resource which is collided with forward compatibility resource (FCR) should be blanked.
[bookmark: OLE_LINK27]Proposal 8: Support flexible SRS mapping in time domain not restricted on the last OFDM symbol of NR subframe, and support blanking part of configured SRS resource which is collided with FCR.

Summary of SRS configuration in NR
As mentioned at the beginning of Section 2, NR SRS can be used for CSI acquisition, beam management and UL-based RRM measurements. Similar to CSI-RS setting in downlink, a SRS setting can be introduced to support this flexible SRS configuration. 
To summarize the above discussions, in a SRS setting, the SRS resource configuration (e.g. SRS resource ID) and SRS port are needed in NR. For each SRS resource configuration, the following parameters including SRS comb/cyclic shift, transmission bandwidth, frequency hopping and time-domain configuration (e.g., slot/symbol of SRS, one/multiple/periodic shots SRS) can be the components. Moreover, SRS sequence root, SRS beam related indication and blanking resource for SRS may also be included in SRS setting or separately configured. Additionally, if a UE is not perfectly time aligned to the NR-cell or is only time aligned to its nearest TRP while its NR SRS needs to be also detected by TRP further away, then its NR SRS may require a longer CP and even a guard time. This, in turns, implies the possibility of requiring different SRS symbol time and subcarrier spacing.
Proposal 9: Support NR-cell to configure the CP of SRS.
Proposal 10:  Support to introduce SRS setting for flexible SRS configuration.
Different SRS settings may be required to carry out different tasks envisioned for SRS in NR. For instance, NR SRSs with different transmission bandwidths and combs may be required for the purpose of CSI acquisition and beam management (maybe different SRS settings for U-1/U-2/U-3). In turns, a narrow-band NR SRS should be sufficient for the purpose of RRM measurement. Multiple SRS configurations for one UE had been supported in Rel-14. Therefore, multiple SRS settings for UE could be introduced into NR, e.g., by high layer signaling. 
Proposal 11: Support NR-cell to configure multiple SRS settings for one UE by NR-cell.

Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: Determination of SRS beamformer(s) by UE should be baseline assumption for UEs with Tx/Rx beam correspondence. gNB should determine which alternative to use, based on known UE beam correspondent capabilities.
Observation 2: Schemes to support gNB/NR-cell-indicated UE Tx beamformer for SRS should take the link budget and SRS overhead into account.
Observation 3: NR SRSs used in a NR-cell should be designed so that they are capable of supporting a number of UEs that may be far larger than the number of UEs in a typical LTE Cell.

Proposal 1: Support both of the following methods for determining UE Tx beamformer for SRS:
Alternative 1) UE applies gNB-transparent Tx beamformer(s) for SRS
Alternative 2) UE should apply Tx beamformer(s) for SRS according to gNB indication
Proposal 2: Support UE to select beamformer(s) for SRS from a subset of beamformers configured by gNB/NR-cell as a third alternative.
Proposal 3: Support SRS configuration to indirectly indicate the UE-side beamformer/precoder by gNB and study methods for indication, e.g., by indicating resource correspondence or gNB Rx beam related information.
Proposal 4: Support configuring multiple symbols in one or more consecutive subframes/slots for multi-shot SRS transmission with single trigger from NR-cell.
Proposal 5: Both Alt-1 and Alt-2 based SRS design approaches in [1] should be further studied and their relative pros and cons should be compared.
Proposal 6: Support NR-cell to configure low correlated NR SRSs to different UEs in the same time-frequency resources when necessary.
Proposal 7: To mitigate the inter-cell interference for SRS transmission, blanking SRS resource should be introduced in NR to measure the interference
Proposal 8: Support flexible SRS mapping in time domain not restricted on the last OFDM symbol of NR subframe, and support blanking part of configured SRS resource which is collided with FCR.
Proposal 9: Support NR-cell to configure the CP of SRS.
Proposal 10:  Support to introduce SRS setting for flexible SRS configuration.
Proposal 11: Support NR-cell to configure multiple SRS settings for one UE by NR-cell.
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