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Introduction
In RAN1#88bis, following agreement on UL beam management was reached:
Agreements:
· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 
· At least when beam correspondence does not hold 
· Considering at least SRS to support U-1/U-2/U-3 procedures
· FFS the details
There have been many agreements on NR-SRS regarding their configuration, transmission and parameters etc. The single SRS framework can be used for UL beam management and CSI acquisition. In this contribution we discuss how NR-SRS can be used for UL beam management. In this contribution we use the term “beam refinement” analogous to “beam management”.

Discussion
For DL beam management, P-1, P-2 and P-3 beam management procedures are introduced for simplicity of discussion and for the sake common understanding among companies. P-1 beam management procedure corresponds to TRP TX beam and UE RX beam change/switch. P-2 beam management procedure corresponds to TRP TX beam change while UE RX beam doesn’t change and P-3 corresponds to TRP TX beam doesn’t change while UE RX beam changes. From the specification point of view, these beam management procedures are about the CSI-RS configurations and related UE feedback. In [2], we have shown how a common CSI framework can support DL beam management and CSI acquistion. 
Similar to CSI framework in DL, a common SRS framework in UL can be used for UL beam refinement and CSI acquisition. 
2.1 UL beam refinement
After completing initial access and random access procedures, the gNB and UE TX/RX beams are aligned and then gNB configures NR-SRS to UE which can be used for UL beam refinement and CSI acquisition. For simplicity, we only discuss NR-SRS for UL beam refinement in this contribution.  


Figure 1, example of UL beam refinement
Different assumptions on UL-DL beam correspondence have different impacts on UL beam refinement and corresponding NR-SRS configurations. Assuming UL-DL beam correspondence holds at gNB, we discuss UL beam refinement procedure below. For simplicity, single TRP and single UE is considered in the discussion below which can be easily expanded to multi TRP scenario. With beam correspondence property, TRP RX beam can be obtained from DL beam refinement/management procedure so the UL beam refinement is mainly about the UE TX beam training as depicted in figure 1. gNB configures periodic K NR-SRS resources, each resource preferably with lower number of ports, periodicity can be relatively long, for example in the range of 100ms. K NR-SRS resources span K OFDM (or DFT-S-OFDM) symbols, if sub-time unit smaller than symbol size of current numerology is also supported K NR-SRS resources span less than K symbols as depicted in figure 2.  
        
 a)                                                                                   b) 
Figure 2, example of multiple NR-SRS symbols and sub-time units
The UE transmits K NR-SRSs using K different precoders (or beams), gNB determines best M NR-SRSs out of K and indicates (M SRI) to the UE using downlink control channel. For robustness, similar to DL beam management, multiple beam pair links are managed in UL as well. Since multiple TRP RX beams could be in better position to receive UE UL beams, a UE could be configured with multiple K NR-SRSs without requiring fully fledged TRP RX beam sweeping. gNB can flexibly utilize aperiodic and/or semi-persistent NR-SRS configurations to perform TRP RX beam switching. How semi-persistent and aperiodic SRS can be utilized for beam refinement is discussed below.
Semi-persistent SRS transmission for beam refinement
After receiving semi-persistent SRS transmission activation trigger from gNB an UE will transmit SRS according to pre-configured parameters until it receives deactivation trigger.  

Figure 3, semi-persistent SRS transmission
For example, in figure 3 gNB triggers semi-persistent SRS activation, then the UE transmits SRS in UL with periodicity of 1 sub-time unit, after Nth transmission gNB triggers semi-persistent SRS deactivation. The UE transmits SRS with same or different precoding (beam) depending gNB configuration. If same precoder is used for all N transmissions, which is for TRP RX beam refinement, corresponding gNB response is not needed. If different precoders are used, which is for UE TX beam refinement, gNB indicates best UL beam as SRI/s to the UE. 

Aperiodic SRS transmission for beam refinement
gNB can trigger N aperiodic SRS resources, RRC configures relevant parameters including time and frequency positions. In figure 4, gNB triggers N aperiodic SRS resources, and then the UE transmits N SRS resources in N consecutive sub-time units. The UE can be configured to use same or different precoders (beams) for SRS transmissions, for TRP RX beam refinement or UE TX beam refinement. In the case of SRS transmissions with same precoder, corresponding gNB response is not needed. In the case of SRS transmissions with different precoders, gNB indicates best UE TX beam/s to the UE. 

Figure 4, aperiodic SRS transmission
Similar to DL beam recovery, when gNB detects UL beam quality degradation, it can trigger aperiodic K NR-SRS resources. After receiving the trigger command the UE transmits aperiodic K NR-SRSs, if the UL beams cannot be recovered after few attempts beam failure can be declared.
In the case where beam correspondence doesn’t hold at TRP, different combinations of periodic, aperiodic and semi-persistent NR-SRS configurations can serve both UE TX beam refinement and TRP RX beam refinement. 
2.2 NR-SRS framework
Similar to CSI framework in DL, a common framework for NR-SRS configuration and gNB signaling can be considered. An UE can be configured with  NR-SRS resource settings, each NR-SRS resource setting has  NR-SRS resources, each NR-SRS resource has N ports. The same NR-SRS framework can be used for UL beam refinement and CSI acquisition. For example, M=2 NR-SRS resource settings are configured to a UE, one NR-SRS resource setting has  NR-SRS resources and each resource has N=1 port. Another NR-SRS resource setting has K=1 NR-SRS resource and  ports. The first NR-SRS resource setting can be used for UL beam refinement, where gNB indicates one or more SRI based on measurement over NR-SRS resource setting 1, and then UE transmits multi port NR-SRS according to NR-SRS resource setting 2 and SRI which can be used for CSI acquisition. NR-SRS used for UL beam refinement can also be used for CSI acquisition, for example, a UE can be configured with only one NR-SRS resources setting with  NR-SRS resources and each resource has N=1 or 2 port, in such scenario the number of ports in each resource is preferably not too big due to high overhead. 
Proposal1: single NR-SRS framework is supported for both UL beam refinement and CSI acquisition purpose.
UL beam refinement procedure can be a slower process compared to CSI acquisition procedure. For this reason, periodic  NR-SRS with longer period can be configured which can be cell specific or shared by a group of UEs. Similar to DL beam recovery, UL beam recovery can be supported by aperiodic NR-SRS. 

Conclusions
In this contribution we discussed UL beam management and NR-SRS framework. We have following proposal:
Proposal1: single NR-SRS framework is supported for both UL beam refinement and CSI acquisition purpose.
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