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Introduction
In RAN1#88bis meeting, following agreements were made on SRS transmission: 
Agreements:
· NR supports aperiodic SRS triggering field in DCI.
· Supports at least one state of the field that can select at least one out of the configured SRS resources. 
· FFS: details
Agreements:
· A UE can be configured with an X-port SRS resource, where the SRS resource spans one or multiple OFDM symbols within a single slot
· FFS where all of the X SRS ports are sounded in each OFDM symbol
· FFS at least for the purposes of CSI acquisition:
· FFS a multi-symbol SRS resource can be configured such that the X SRS ports in each OFDM symbol are transmitted in different locations of the band in different OFDM symbols in the slot in a frequency hopping manner
· Note: This allows sounding a larger part of (or the full) UE bandwidth using narrower band SRS transmissions
· Note: at any OFDM symbol, all X ports are sounded in the same portion of the band
· Note: Consider UE RF implementation aspects on SRS design that may place constraints on the design of the symbol-wise hopping pattern
· e.g., Required time for frequency re-tuning (if re-tuning needed) or transient period if re-tuning is not needed

In this contribution we further discuss issues on UL SRS transmission. 

Discussion
2.1   SRS transmission bandwidth and frequency hopping
It has been agreed that partial-band size is configurable, and the size in terms of number of PRBs N is FFS.  In LTE, SRS transmission bandwidth can be sub-band or wide-band; similar structure can be used in NR except for replacing wide-band by partial-band since the system bandwidth can be very large. The partial-band size can be similar to largest bandwidth in LTE, e.g. 96 PRBs, and similar structure between sub-band and partial-band can be introduced.  There were contributions discussing whether to use different partial-band size for different antenna panels however we don’t see any use case for such configuration. Since different sub-band sizes can be flexibly configured to different UEs, partial-band size N PRBs can be a common size for the UEs in the system. One UE can support more than one partial-band depending on its capabilities.

Figure 1, SRS transmission bandwidth
Figure 1 shows an example of SRS transmission bandwidth where the system bandwidth is divided into multiple partial-bands, due to large system bandwidth UE may not be able to transmit full band (wide band) SRS in UL. Within a partial-band, SRS transmission bandwidth is further divided into sub-bands and sub-band size can be configurable, for example in the figure below sub-band size 2 is half the size of sub-band size 3 and sub-band size 1 is half the size of sub-band size 2. 
It has been agreed that frequency hopping within a partial-band for SRS transmission is supported. Within a partial-band, frequency hopping is among different sub-bands depending on the sub-band size. Main reason for introducing partial-band is because an UE maybe operating in frequency band smaller than system band, to determine which partial-band is best for an UE, frequency hopping among partial-band should also be supported for SRS transmission. 
Proposal1: Frequency hopping among partial-bands is supported. 
2.2   SRS framework
Similar to CSI framework in DL, a common framework for SRS configuration and gNB signaling can be considered. An UE can be configured with  SRS resource settings, each SRS resource setting has  SRS resources, each SRS resource has N ports. The same SRS framework can be used for UL beam management and CSI acquisition. For example, M=2 SRS resource settings are configured to a UE, one SRS resource setting has  SRS resources and each resource has N=1 port. Another SRS resource setting has K=1 SRS resource and  ports. The first SRS resource setting can be used for UL beam refinement, where gNB indicates one or more SRI based on measurement over SRS resource setting 1, and then UE transmits multi port SRS according to SRS resource setting 2 and SRI which can be used for CSI acquisition. Different SRS resource setting may have different attributes such as periodic, semi-persistent or aperiodic transmission. SRS used for UL beam refinement can also be used for CSI acquisition, for example, a UE can be configured with only one SRS resource setting with  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. 
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/s 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, after receiving the command 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
Since gNB is in control of UL beam refinement, it has full knowledge of which UL TX beam/s can be received simultaneously and which cannot. gNB can signal such information together with SRI/s indication to UE, on the other hand UE has knowledge of which UL TX beam can be transmitted simultaneously and which cannot.
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 K aperiodic 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. 
Proposal2: UL beam refinement and CSI acquisition is supported in a single framework.
Proposal3: support semi-persistent SRS with periodicity of 1 or more OFDM symbols; if sub-time unit smaller than 1 OFDM symbol is supported, periodicity can be smaller than 1 OFDM symbol.
Proposal4: one signal triggering of K>1 aperiodic SRSs transmission is supported.

Conclusions
In this contribution we discussed few aspects of SRS transmission in NR. We have following proposals:
Proposal1: Frequency hopping among partial-bands is supported. 
Proposal2: UL beam management and CSI acquisition is supported in a single framework.
Proposal3: support semi-persistent SRS with periodicity of 1 or more OFDM symbols; if sub-time unit smaller than 1 OFDM symbol is supported, periodicity can be smaller than 1 OFDM symbol.
Proposal4: one signal triggering of K>1 aperiodic SRSs transmission is supported.

References
[1] RAN1#88bis Chairman’s Notes.
[2] R1-1704566, “Considerations on SRS transmission”,	CATT,  Spokane, USA, 3rd – 7th April 2017

