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Introduction
In RAN1#89 meeting, following agreements were made on SRS transmission: 
Agreements:
· For the purposes of DL/UL CSI acquisition and beam management
· A UE can be configured with K >= 1 SRS resources where
· A given X-port SRS resource spans N = 1,2, or 4 adjacent symbols within a slot where all X ports are mapped to each symbol of the resource
· FFS whether or not support N adjacent sub-time-units
· FFS whether or not to additionally support non-adjacent symbols/sub-time-units
· FFS whether to not to additionally N>4
· FFS the details for transmission of SRS (e.g., w.r.t., beams, etc.) within the N symbols/sub-time-units
· FFS whether or not/how to support antenna switching using SRS
· A given SRS resource can be configured as aperiodic, periodic, or semi-persistent, where
· Periodic: The resource is configured with a slot-level periodicity and slot-offset
· Semi-persistent: The resource is configured with a slot-level periodicity and slot-offset
· Multiple SRS resources can be activated/deactivated with a single message
· FFS: Activation/deactivation details
· Aperiodic: The resource is configured without a slot-level periodicity and slot offset
· Multiple SRS resources can be triggered with a single message
· Note: For periodic/semi-persistent, different resources may have different periodicities and/or slot offsets
· FFS the location(s) of SRS symbol(s) within a slot
· FFS: Configuration details including grouping of SRS resources to allow low signaling overhead for indicating allocated SRS resources

In this contribution we discuss mechanisms for aperiodic SRS triggering, periodic SRS transmission and UL beam indication. 

Discussion
2.1  Aperiodic SRS triggering and beam indication
It has been agreed that multiple aperiodic SRS sources can be triggered with a single message. When gNB triggers N aperiodic SRS resources with one control signal, according to preconfigured information UE transmits N SRS resources once. The gNB receives N SRS resources transmitted by the UE and determines best SRI according to received signal level which is indicated to the UE in UL grant. Since the UE knows the UL beams used to transmit N SRS resources, it can determine UL beam from indicated SRI. It will be simple if all UL beams can be swept in one go. However there are cases, even when multiple aperiodic SRS resources are triggered by one signal, it is not possible to train all UL beams. In extreme case UE may have unlimited number of UL beams, thus number of SRS resources required is hard to envisage if it is one to one mapped with UE UL beams. For example, the number SRS resources are within a slot is less than the number of UL beams to train for an UE. In this case, multiple triggering of aperiodic SRS is required. When same N SRS resources are triggered multiple times to sweep different UL beams, and the UE transmits same N SRS resources multiple times potentially with different UL beams, then SRI cannot uniquely indicate the best UL TX beam to the UE. For example in figure 1, gNB triggers N aperiodic SRS resources two times successively; the UE may change the UL beams in two successive transmissions of N SRS resources. Then the SRI indicated to the UE in UL grant cannot reflect the UL TX beam.

Figure 1, aperiodic triggering of N SRS resources
One solution to this issue is to introduce another signal which is indicated to the UE along with aperiodic triggering signal. For example, one bit signal is introduced to indicate 2 states, which is transmitted with aperiodic triggering signal, as depicted in figure 2. gNB sets the “state” to “0” in first triggering of N SRS resources and sets the “state” to “1” in second triggering of N SRS resources. The UE knows which UL beams are used in first transmission of N SRS resources and which beams are used in second transmission. Then gNB indicates SRI and the “state” to the UE in UL grant so that the UE can determine the UL beam indicated by gNB.  More UE UL beams can be trained with limited number of SRS resources with this mechanism.

Figure 2, aperiodic triggering N SRS resources with “state”
Proposal1:  successive triggering of multiple aperiodic SRS resources is supported and a signal is accompanied with trigger message indicating triggering instance or state.
2.2  Periodic SRS transmission and beam indication
Similarly, when an UE is configured with periodic transmission of N SRS resources, the UE periodically transmits N SRS resources, the UE may change the UL beams in each transmission instance. In this case, gNB indicated SRI in UL grant cannot reflect the UL beam used for SRS transmission.

Figure 3, periodic transmission of N SRS resources
One solution to this issue is to introduce certain numbering for transmission instances and gNB indicates the number of transmission instance together with SRI to the UE in UL grant.
For example in figure 4, four instances are introduced which can be indicated using 2 bits. Consecutive four transmissions of periodic N SRS resources are labeled as instance 1, 2, 3 and 4; next transmission after instance 4 is labeled instance 1 and so forth. The transmission instance number can be linked to system frame number so that it can be uniquely identified by gNB and UE. gNB indicates SRI and “instance” in the UL grant to the UE, thus gNB can indicate distinct UL beams equals to multiple of beam indicated by SRI and instances. Number of instances configured can be UE specific, according to the number of UL beams required to be trained.

Figure 4, periodic transmission of N SRS resources and indication of “instance”

Proposal2: in the case of UE transmitting periodic SRS for beam management, gNB indication of transmission instance together with SRI in UL grant is supported.

Conclusions
In this contribution we discussed few aspects of SRS transmission in NR. We have following proposals:
Proposal1:  successive triggering of multiple aperiodic SRS resources is supported and a signal is accompanied with trigger message indicating triggering instance or state.
Proposal2: in the case of UE transmitting periodic SRS for beam management, gNB indication of transmission instance together with SRI in UL grant is supported. 
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