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Discussion and Decision
1
Introduction
In this contribution, the remaining  aspects identified in [1] related to aperiodic fine time-frequency tracking reference signal for NR Rel-15 are discussed.
2
Discussion on Aperiodic TRS Support in NR 
In RAN1-AH meeting, the different merits of aperiodic TRS have been discussed by Ericsson [2] and Qualcomm [3]. In aforementioned papers it was concluded that by relying in Rel-15 only on the use of periodic CSI-RS for time-/frequency tracking potential problems may appear as follows: 

· Scheduling restrictions: Due to use of analog/hybrid analog-digital antenna array architechtures at higher carrier freuquencies, i.e.  above 6GHz,  especially, the configuration (X,N) = (2,2+2) imposes scheduling restrictions for gNB as well as extra reference signal overhead leading to inefficient system operation.
· PDSCH beam change: When PDSCH beam change occurs from one beam to another at higher carrier frequencies, its related channel parameters, e.g. delay spread, Doppler spread/offset and residual residual timing and frequency offset estimates  may change as well.  Depending on the configured time periodicity of TRS, UE is not neccesarily able to receive TRS to make channel estimation properly before receiving PDSCH. Furthermore, due to inaccurate channel estimation, CSI reporting may also be inaccurate.  As a result of these aforementioned aspects, the performance of PDSCH may be compromised after beam change until the periodic TRS is received. Naturally, the impact of misalignment of channel estimation could be improved by configuring  by higher layers a shorter time periodicity for CSI-RS resources associated with CSI-RS set for TRS. However, this would result in a significant reference signal overhead as well scheduling restrictions.     
· BWP switch: When the switch of active BWP occurs, depending on the configured time periodicity of TRS, UE is not neccesarily able to receive periodic TRS to perform channel estimation properly as well as reporting accurate CSI before receiving PDSCH on new active BWP leading to a compromised PDSCH performance until the periodic TRS is received. 
· SCell activation: Similar to the problems related to BWP switch or PDSCH beam change, after the activation of SCell UE is not neccesarily able to receive TRS to perform channel estimation properly before receiving PDSCH on SCell leading to a compromised PDSCH performance until the periodic TRS is received.
In addition to the topics discussed in text above, the potential additional time allignment problems with periodical TRS may occur related to the time periodicity of TRS with On-duration of idle and connected mode DRX.  

A potential workaround to reduce the impact of a beam change, BWP switch and SCell activation could be to introduce the reconfiguration of higher layer parameter related to the periodicity of CSI-RS resources within the CSI-RS set to be shorter with respect to original value when occurring the beam change, BWP switch or SCell activation. Furthermore, additional higher layer reconfiguration signaling is needed to update to the value back to the original one. As a result of this, additional higher layer is signaling overhead as well as delay is introduced.   

To minimize the amount of extra scheduling restriction as well as reference signal overhead, in system, it is beneficial to support aperiodic TRS with respect to higher layer reconfiguration at carrier frequencies above 6GHz. 
Observation 1: To minimize the amount of extra scheduling restriction as well as reference signal overhead, in system, it is beneficial to support aperiodic TRS in Rel-15 NR at above 6GHz.
Since the current Rel-15 specification already supports mechanisms to use of aperiodic CSI-RS, the specification impact of supportintg aperiodic CSI-RS  for time/frequency offset tracking (TRS) in Rel-15 is a minimal. The supported UL DCI based triggering mechanism can be used to enable the use of aperiodic TRS in Rel-15. More specifically, gNB configures a CSI triggering states associated with aperiodic CSI-RS set ID for time-/frequency tracking its corresponding TCI index. The triggering state is triggered via UL DCI. The value of TCI index in CSI triggering state refers to a row in TCI table associated with source RS resource or resource set ID, e.g DMRS and target CSI-RS set ID for time-/frequency tracking as well as QCL type, i.e type-A + type-D. Furthermore, the higher layer parameter reportQuantity is configured to have a value equal to none.  
Observation 2: The specification impact for supporting UL DCI based triggering of aperiodic CSI-RS for time/frequency offset tracking (TRS) is a minimal in Rel-15.
Proposal 1: Support UL DCI based triggering of aperiodic CSI-RS for time/frequency offset tracking (TRS).
3
Conclusions
In this contribution, the different aspects of TRS design have been considered. 
Based on the discussions, the following observations have been made:

Observation 1: To minimize the amount of extra scheduling restriction as well as reference signal overhead, in system, it is beneficial to support aperiodic TRS in Rel-15 NR at above 6GHz.

Observation 2: The specification impact for supporting UL DCI based triggering of aperiodic CSI-RS for time/frequency offset tracking (TRS) is a minimal in Rel-15.
Based on the discussions, the following proposals have been made:

Proposal 1: Support UL DCI based triggering of aperiodic CSI-RS for time/frequency offset tracking (TRS).
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