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1 	Introduction
During RAN1#86b meeting, the following agreements were made on NR SRS for UL CSI acquisition [1-2].
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
During RAN1#88 meeting, the following agreements were made on NR SRS for UL CSI acquisition [3-5].
Agreements:
· NR supports both Alt. 1 and Alt. 2 as TX beamformer determination for SRS from previous agreement.
· Alt.1: UE applies gNB-transparent Tx beamformer to SRS (e.g., UE determines Tx beam for each SRS port/resource)
· Alt.2: based on gNB indication, e.g. via SRI
Agreements:
· In NR, for SRS based UL-MIMO precoding for data scheduling, FFS the following aspects especially related to potential signaling impact:
· Single SRS resource based 
· Multiple SRS resource based 
· Multi-step acquisition, e.g., involving a mixture of single SRS resource and multiple SRS resource based, or using multiple SRS resource only, etc.
Based on these available conclusions and FFS parts, we share our views on SRS for UL CSI acquisition in this contribution.
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For UL link adaptation, at least one of unprecoded and precoded SRS are supported. For precoded SRS, multiple SRS resources can be configured. For each SRS, Tx beamformer of SRS can be decided at UE’s side or gNB’s side as listed in Alt.1 and Alt2 in the above agreements. For Alt.1, it’s generally used in the scenarios with channel reciprocity. The precoder for SRS can be determined by UE based on measurement on DL RS, e.g. CSI-RS. UE can decide the precoder according to channel reciprocity. The SRS precoder is transparent to gNB. For Alt.2, it can be used for the scenario without channel reciprocity. UE applies Tx beamformer to SRS according to gNB’s indication, e.g. via SRI. For SRS based UL-MIMO precoding for data scheduling, three kinds of schemes are proposed, which include single SRS resource based scheme, multiple SRS resource based scheme and multi-step acquisition scheme. The procedure and potential signaling are discussed in the following.
For the clarity of the upcoming discussion, RAN1 has agreed that “a NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports” and “a UE can be configured with K ≥ 1 NR-SRS resources” Hence a single SRS resource is based on a set of resource elements which can be adjacent or with a configured subcarrier spacing between the element. Multiple SRS resources is understood as multiple such sets of resource elements. One example is shown in Fig.1 for illustration of multiple SRS resources, where TDM is used for multiplexing between multiple SRS resources.


Fig.1 Example of multiple SRS resources
Single SRS resource based scheme
For single SRS resource based scheme, unprecoded SRS can be transmitted on this configured SRS resource. Multiple antenna ports can be configured for this resource, such as 1, 2, 4, etc. gNB can obtain the CSI without precoding based on this SRS. Based on this CSI, gNB makes flexible scheduling and determines the desired precoder for data transmission. Thus, the Transmit Precoding Matrix Indicator (TPMI) is required to indicate to UE for data transmission. The codebook is also needed for TPMI signaling, where UL codebook discussed in NR can be used [6]. This scheme is already used in LTE system and can be reused in 5G NR at least for below 6G scenario.
Observation 1: TPMI signaling is needed for data transmission with single unprecoded SRS resource based scheme.
Multiple SRS resources based scheme
For multiple SRS resource based scheme, precoded SRS is transmitted on configured multiple SRS resources. One precoder can be implicitly linked with one SRS resource. And one or multiple antenna port(s) can be configured for each SRS resource. UE transmits SRS with linked precoder according to indicated SRS resource index (SRI). In this case, gNB at least need indicate SRI to UE. Then, gNB can obtain CSI from SRS with different precoders and choose its preferred precoder for data transmission. In 5G NR, hybrid beamforming can be used for transmission in high frequency band. CSIfor multiple beamformers, e.g. in multiple panels scenario, can be obtained by multiple SRS resource based scheme.
Observation 2: SRI signaling is needed for data transmission if multiple SRS resource based scheme is supported.
Multiple-step acquistion based scheme
Some hybrid SRS transmission schemes can be used for CSI acquisition which include SRS transmission with multiple steps. For the first scheme, it is composed by first level of transmission with multiple precoded SRS resources and second level of transmission with single SRS resource based on first level beamformer obtained by precoded SRS. Thet procedure can be as follows. For the first step, gNB configures UE with multiple SRS resources where each SRS resource can be linked to different precoder representing beam(s) and its port number may be small. UE transmits SRS on multiple resources according to the linked precoder. Based on the measurement results, gNB can select its desired beam from all the candidate linked precoder and notify UE. For the second step, gNB configures UE one SRS resource with multiple ports. Then, UE transmits SRS with selected beam(s) in step 1 on multiple antenna ports. gNB can get accurate CSI by beamformed SRS and notify UE TPMI for data transmission. The data can be transmitted by the selected two level precoder according to gNB’s indication. And also for the second scheme, precoded multiple SRS resources can be followed by non-precoded single SRS resource, if accurate CSI acquisition for beamformed SRS is needed or further beam refinement is needed.
For both hybrid schemes, the SRS overhead is low and CSI acquisition time is longer relative to multiple SRS resources based scheme. As an enhancement, the first step of both schemes can be skipped if channel reciprocity exists. UE can get preferred precoder by measurement of downlink reference signal, e.g. CSI-RS. The recommended precoder can be reported to gNB by explicit report or implicit indication scheme. Based on recommended precoder(s), gNB can configure SRS resource(s) and send the signaling for indicating precoder(s) for SRS transmission in the second step. It has the advantage of fast CSI acquisition and low SRS overhead relative to previous two multiple-step acquisition based schemes.
Proposal 1: CSI from channel reciprocity can be exploited to reduce CSI acquisition time and SRS overhead for multiple-step acquisition based scheme.
3 	Conclusions
Based on above discussion, we also make the following proposals:
Observation 1: TPMI signaling is needed for data transmission with single unprecoded SRS resource based scheme.
Observation 2: SRI signaling is needed for data transmission if multiple SRS resource based scheme is supported.
Proposal 1: CSI from channel reciprocity can be exploited to reduce CSI acquisition time and SRS overhead for multiple-step acquisition based scheme.
References
[1] 3GPP RAN1 86b meeting Chairman Notes
[2] R1-1610983,	“WF on SRS-based UL link adaptation”, LG Electronics, CATT, Huawei, HiSilicon, Samsung
[3] 3GPP RAN1 88 meeting Chairman Notes
[4] R1-1703599,	“WF on TX beam determination for precoded SRS”,	LG Electronics, Intel Corporation, NTT DOC-OMO, Samsung, Sony Corporation
[5] R1-1703755,	“SRS based UL link adaptation	LG Electronics”, ASTRI, ZTE, ZTE Microelectronics
[6] R1-1704022,	“WF on UL codebook”, CATT, Samsung, Ericsson, InterDigital, Intel, Nokia, LGE, Huawei, HiSilicon
image1.emf
F

r

e

q

u

e

n

c

y

 

D

o

m

a

i

n

 

(

P

R

B

)

RE

PRB

SRS resource 1, Comb=2 

Time Domain (OFDM symbol)

RE

SRS resource 2, Comb=2 


oleObject1.bin
Frequency Domain (PRB)


RE


PRB


SRS resource 1, Comb=2 


Time Domain (OFDM symbol)


RE


SRS resource 2, Comb=2 



