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Introduction
 In RAN1#92bis meeting, aperiodic TRS was introduced as described in the following agreement. In this contribution, we provide our views on the remaining issues of aperiodic TRS.
Agreement:
· Rel-15 supports aperiodic TRS for FR2 as an optional UE feature with UE capability signalling
· (Working assumption) A UE does not expect to be triggered to aperiodic TRS unless it has been configured with an associated periodic TRS with the same burst length X slots on the same BWP
· The aperiodic TRS and the associated periodic TRS has the same BW, [same symbol position, same subcarrier location] and the aperiodic TRS will be QCL type A+D (if applicable) with this periodic TRS
· FFS on DCI trigger timing for SCell activation and BWP switching
· The UE does not expect the scheduling offset between DCI to the first symbol of TRS be smaller than the threshold UE reported
· The aperiodic TRS is triggered by UL DCI (same as CSI-RS) 
· No new/additional RRC parameters are introduced for this feature except UE capability
Discussion
Supporting aperiodic TRS can help UEs get the time/frequency tracking as soon as possible for many scenarios including waking up from idle state, SCell activation and BWP switching. For instance, when BWP switching happens, aperiodic TRS can be triggered in the first slot of new active DL BWP. The motivation is to reduce tracking latency which is aligned with purpose of introduction of aperiodic TRS.
[bookmark: _GoBack]Since TRS is actual one kind of CSI-RS, the trigger mechanism of aperiodic CSI-RS is reused for aperiodic TRS as described in the above agreement, i.e. triggered by aperiodic CSI request field in UL DCI grant. However, aperiodic TRS may not be triggered in time for the case of BWP switching since aperiodic CSI-RS can only be triggered for active DL BWP as description below in the current 38.214 [1]. In other words, aperiodic TRS should be triggered after switching to the new active DL BWP. Since timing offset between DCI trigger and aperiodic TRS transmission should be larger than the threshold UE reported, it is hard to transmit the aperiodic TRS in the first slot of the new DL BWP as shown in Figure 1 which shows 3 slot delay. The latency requirements of TRS and CSI acquisition are different. TRS is used to refine the receiver for DL channels/signals, which requires lower latency than CSI acquisition from the perspective of performance and UE buffer size. Further, the major intention to introduce AP TRS is to reduce tracking latency. Hence, if the operation of tracking is delayed, the benefit of aperiodic TRS will be marginal. 
---------------------38.214 :  5.2.1.5.1 Aperiodic CSI Reporting/Aperiodic CSI-RS ---------------------
[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType  set to 'aperiodic', periodic', or semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to ‘aperiodic’) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one aperiodic CSI report request for a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
-----------------------------------------------------------------------------------------------------------------------
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Figure 1 AP-TRS is triggered after BWP switching
In order to reduce the latency, triggering aperiodic TRS before switching to the target BWP should be supported. Furthermore, the aperiodic TRS can be required to transmit in the first slot of the target BWP. As shown in Figure 2, Aperiodic TRS can be transmitted immediately after the new BWP is active. 
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Figure 2 AP-TRS is triggered before BWP switching
For CSI-RS, the triggering offset is configured per set in RRC. However, the BWP switch time is quite dynamic, which is indicated in the SLIV field of DCI. To achieve low tracking latency and guarantee that AP TRS is transmitted immediately after BWP switching, one may argue that the network can configure multiple TRS sets with different slot offsets. Then network can select one from the multiple sets through DCI. However, if we follow this approach, it requires configuring a lot of extra trigger states just for this use case, which is quite expensive as it would lead to a larger DCI overhead. This extra DCI overhead can be saved if we define the rule that upon BWP switching, the triggered AP TRS is present in the first slot of the newly active BWP. Therefore we have the following proposal.
Proposal 1: Support triggering aperiodic TRS before BWP switching.
· The aperiodic TRS is transmitted in the first slot of the newly activated BWP if aperiodic TRS is triggered before this BWP is active.

In addition, there is another issue for aperiodic TRS with X=2 which cannot completely use the trigger mechanism of aperiodic CSI-RS. Currently, the timing offset between DCI trigger and aperiodic CSI-RS transmission is higher layer configured per CSI-RS resource set, that means all CSI-RS resources within the same CSI-RS resource set are in the same slot. However, in the case of X=2, aperiodic TRS should be mapped on the two DL slots. This issue is quite similar with aperiodic SRS antenna switching 1T4R which already supported two SRS resources sets to fix the timing offset issues (each resource set has a timing offset). Therefore, we propose to adopt similar solution for aperiodic TRS with X=2 .
Proposal 2: Support two CSI-RS resource sets for one aperiodic TRS burst with X=2. 
· Each CSI-RS resource set contains two CSI-RS resources.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views on aperiodic TRS as follows
Proposal 1: Support triggering aperiodic TRS before BWP switching.
· The aperiodic TRS is transmitted in the first slot of the newly activated BWP if aperiodic TRS is triggered before this BWP is active.
Proposal 2: Support two CSI-RS resource sets for one aperiodic TRS burst with X=2. 
· Each CSI-RS resource set contains two CSI-RS resources.
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