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1 Introduction

Regarding reference signal (RS) design for UL in NR, the following was agreed in RAN1#86b [1]:

 “At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management”

Moreover, some further studies for SRS were also agreed in [1]:

“…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”
 “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.”
“…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  ”
In this contribution we provide our views on above listed further studies with the consideration of using SRS for CSI acquisition and beam management. 

2 Discussion 
2.1 Discussion on the beamforming/precoder for SRS
In [1], both non-precoded and precoded SRS are considered in NR. For non-precoded SRS, it is similar to that in LTE-A, and the gNB/NR-cell can determine the best precoder for UL transmission and DL transmission (if UL/DL reciprocity is assumed). Moreover, for the link budget limited scenarios (i.e. > 6 GHz), beamformed/precoded SRS can be used as an important technology guarantees the RS receiving power at gNB/NR-cell. For beamformed/precoded SRS, it is agreed that at least one of the two options is supported [1],  

A)  Precoder for SRS can be determined by the UE based on measurements on DL RS

B) Precoder for SRS can be indicated by the gNB
The pre-coding may take the form of digital pre-coding, RF pre-coding, or a combination thereof for performing beamforming  

Option A) “Precoder for SRS can be determined by the UE based on measurements of DL RS” 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), since there are only a limited number of spatial components. When the UE is allocated a number of precoded SRS resources (via the SRS configuration), the UE could then determine the precoder(s), e.g., the best one(s), for SRS to fit into these allocated resources and consequently the time required for uplink CSI acquisition is reduced, since only the key spatial components are sounded.  Another benefit of Option A is to reduce the overhead of SRS beam/precoder configuration, especially for the UE with large number of candidate beams/precoders.
Option B) “Precoder for SRS can be indicated by gNB” 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-precoded SRS signals (like LTE-A), so that, the gNB/NR-cell can determine the best precoder to use (assuming the UE codebook is known),  OR

ii) UE first transmits on a set of candidate precoders, so the gNB/NR-cell can decide which precoder(s) from the candidate set is (are) the best one(s) for subsequent precoded 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. 

Moreover, combination of Option A and Option B may also be considered, in which the gNB/NR-cell can configure a subset of UE Tx beamformers/precoders which are available at the UE for its selection. The UE would then transmit beamformed SRS using the selected beamformer(s)/precoder(s) from the configured subset. This method can be used for beam management. 
As an example, gNB/NR-cell may group the Tx beamformers/precoders at UE with the same/similar Rx beam at gNB/NR-cell. Then, gNB/NR-cell indicates UE to send SRS(s) with the UE selected beamformer(s)/precoder(s) within one or multiple beamformer/precoder 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/precoders. Since the Tx beamformer/precoder 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. 
 [image: image1.emf]Beamformer/precoder group 

indicated by gNB/NR-cell

UE selected beamformer(s)/

precoder(s) for SRS transmission


Figure 1 Example of joint determination of SRS beamformer/precoder from UE and gNB/NR-cell
Furthermore, for both of the two options, in order to determine how many resources should be configured to UE for SRS transmission (note that UE in Option A may be configured to select more than one beam direction/precoder), it is necessary for the gNB/NR-cell to have an assumption about the UE capability of beamforming/precoding, e.g., based on UE reporting. Moreover, for each beam management procedure, e.g., U-1/U-2/U-3, the beam width or precoder granularity may be different, and therefore the UE capability/scheme of beamforming/precoding is preferred to be separately reported. Additionally, to determine which option can be used for a given UE, the UE needs to report to the gNB/NR-cell if it has Tx/Rx beam correspondence.
In addition to the choice of UE precoder for SRS, configuration schemes to multiplex different RF chains for each UE, and to multiplex different users in time, frequency, and/or code space, need to be studied. A possible way to multiplex different UE RF chains for SRS transmission is to use a different frequency comb for each RF chain as illustrated in Figure 2.  
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Figure 2 Example of multiplexing different UE RF chains for precoded SRS transmission
Proposal 1: Support both of the following methods for determining SRS beamformer/precoder:

1. Indicated by gNB/NR-cell,
2. Determined by UE based on DL measurement.
Proposal 2: Support UE to select beamformer/precoder for SRS from a subset of beamformers/precoders configured by gNB/NR-cell.
Observation 1: Determination of SRS beamformer/precoder by UE should be baseline assumption for UE with Tx/Rx beam correspondence. 
Observation 2: Schemes to support gNB/NR-cell-indicated SRS beamformer/precoder should take the link budget and SRS overhead into account. 

2.2 Discussion on SRS triggering and transmission
Aperiodic SRS triggering: 
Aperiodic SRS transmission triggered by DCI coupling with downlink data scheduling in LTE can be a starting point for further adaptation for NR. One drawback of LTE approach is that the aperiodic SRS triggering is coupled with data scheduling. If the network want to trigger an aperiodic SRS to track the position/or acquire the CSI of one UE, a whole DCI should be transmitted, which would lead to large overhead. Thus, a more flexible aperiodic NR SRS triggering should be studied. Note that the SRS triggering by group DCI has been agreed in the WI of ‘SRS carrier based switching for LTE’ in Rel-14. The group DCI, which is used for multi-UE aperiodic SRS triggering, could be introduced into NR.

Proposal 3: Introduce a flexible aperiodic SRS triggering decoupled with data scheduling. 
Multi-shot SRS transmission: 
To reduce the overhead resulting from multi-shot SRS, the SRS symbols can be distributed into several contiguous subframes/slots, as depicted in Figure 3. This approach provides a flexible tradeoff between overhead per subframe/slot and CSI acquisition delay comparing with transmitting all SRS in one subframe/slot. Both the number of NR SRS symbols per subframe/slot and the number of contiguous subframes/slots can be dynamically configured to enable flexible beam tracking/refinement.
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Figure 3 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 network.

Configurable frequency density:
The density of NR SRS in frequency domain can be configured, according to the requirement in different use cases, which is illustrated in Figure 4. For example, higher frequency density is beneficial for higher channel estimation accuracy, while lower frequency density is expected for more orthogonal SRS resources to accommodate more users. 
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Figure 4 Configurable frequency density of NR SRS
Proposal 5: Support configurable density of SRS in frequency domain in NR.
2.3 SRS interference measurement and mitigation
In NR, if the SRS is configured independently by serving gNB/NR-cell and neighbouring gNB/NR-cell, UEs in cell edges may suffer from interference in SRS transmission, which will affect the quality of CSI measurement. One of the possible solution is that the network configures the zero power SRS (ZP-SRS) to the UE so that the network can measure the interference on this SRS resource. With the interference measurement results, the network could re-configure SRS resource to this UE to avoid/suppress the interference. For example, a SRS process associated with a ZP-SRS resource and a NZP-SRS resource could be configured to a UE. The NZP-SRS could be configured as periodic while ZP-SRS is configured as aperiodic. In this way, the interference at the NZP-SRS resource could be obtained at the network to further avoid the SRS interference.
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Figure 5 Example of aperiodic ZP SRS
Another approach to solve SRS interference is that the network configures the SRS to UEs in a coordinated way to avoid SRS collision. For example, different SRS resource such as bandwidth, orthogonal sequence could be allocated to different cell edge UEs.

Proposal 6: To mitigate the interference during SRS transmission, study the following approaches:

· Introduce zero power SRS to measure the interference

· Introduce coordinated scheduling of SRS at network side
3 Conclusions
Based the discussions above, we have the following observations and proposals:
Observation 1: Determination of SRS beamformer/precoder by UE should be baseline assumption for UE with Tx/Rx beam correspondence. 
Observation 2: Schemes to support gNB/NR-cell-indicated SRS beamformer/precoder should take the link budget and SRS overhead into account. 

Proposal 1: Support both of the following methods for determining SRS beamformer/precoder:

1. Indicated by gNB/NR-cell,

2. Determined by UE based on DL measurement.

Proposal 2: Support UE to select beamformer/precoder for SRS from a subset of beamformers/precoders configured by gNB/NR-cell. 
Proposal 3: Introduce a flexible aperiodic SRS triggering decoupled with data scheduling. 
Proposal 4: Support configuring multiple symbols in one or more consecutive subframes/slots for multi-shot SRS transmission with single trigger from network.
Proposal 5: Support configurable density of SRS in frequency domain in NR.
Proposal 6: To mitigate the interference during SRS transmission, study the following approaches:

· Introduce zero power SRS to measure the interference

· Introduce coordinated scheduling of SRS at network side
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