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1. Introduction
In RAN1 #90 meeting, some agreements and working assumptions on TRS have been achieved as follows. [1] 
Working assumptions:
· At least X=2 is supported
· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance
· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS
Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting
· Sf=4 
· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 
Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment
· Details FFS
· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 
· Configuration / signalling details FFS
· Note: The QCL assumption may be implicit via QCL assumption with other RS
· FFS for other QCL parameters
· TRS sequence is based on PN generator
· Study whether TRS is needed in idle mode
· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation
· Study whether TRS needs to be configured on a BWP/carrier without SS block
· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots
· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 
· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 
· Other solutions are not precluded

Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz
· Before receiving the RRC configuration of TRS, FFS
In this contribution, we provide some discussion on the remaining issues of TRS including the time domain pattern, QCL and the time/frequency offset tracking for idle mode.
2. Discussion
For fine time/frequency offset tracking, the TRS can be used. The frequency domain density of TRS has been agreed to be 3 REs/RB/Symbol. For time domain, to have better Doppler offset estimation, the number of TRS symbols can be 4, which can be allocated to 2 slots. However, to have so many always-on signal may reduce the flexibility of the system and bring in some scheduling limitation. In LTE, the CRS can be used for fine time/frequency offset tracking. Hence at least for 15kHz subcarrier spacing, the number of slot for TRS X=1 should be supported. 
For some larger subcarrier spacing, such as 30kHz, X=1 may not be able to provide enough accuracy for Doppler offset tracking. However to define X=2 TRS would bring in some limitation on scheduling since many always-on downlink slots would exist in the system. Regarding there can be multiple slots used for SS-block, to define additional multiple downlink slots for TRS would increase the number of always-on downlink slots. Especially for high band (>6GHz), the worst case is that there can be 64 SS-blocks in 5ms. Then there should be not enough slots to transmit the TRS or other uplink signal. So if X=2 is supported, one possible way is that to avoid too many always-on downlink slots, the TRS and SS-block can be multiplexed in the same slot. Figure 1a illustrates one scheme to multiplex the SS-block and TRS for X=1 and Figure 1b shows the multiplexing scheme for X=2 case. Since the SS-block is transmitted by one AP, it is possible to transmit the TRS by another AP. Then the number of always-on slots can be reduced.
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(a) X=1

 (b) X=2

Figure 1: multiplex SS-block and TRS
Proposal 1: At least for 15kHz subcarrier spacing, the number of slot for TRS X=1 should be supported.
Proposal 2: For subcarrier spacing larger than 15kHz case, if X=2 is supported, the TRS and SS-block can be multiplexed in the same slot to avoid too many always-on downlink slots.
For multi-beam operation, since the time/frequency offset can be different in different gNB-UE beam pairs. It can be better to use some beam sweeping signals for the UE to measure the time/frequency offset for multiple beam pairs. Therefore the TRS should support the beam sweeping operation. Since the CSI-RS and SS-block can be used for beam management, which means the UE could select the beams from multiple CSI-RS resources or SS-block instances, to estimate the time/frequency offset of each beam, the TRS can be QCLed with some resources of CSI-RS for beam management or SS-block regarding at least delay spread, average delay, Doppler shift and Doppler spread. Thus for a UE, it can only be configured with the TRS resources which are QCLed with current BPLs. 
Proposal 3: To support multi-beam operation, the TRS should be QCLed with the SS-block or CSI-RS for beam management regarding at least delay spread, average delay, Doppler shift and Doppler spread.
Further, if the TRS can be QCLed with SS-block, the time/frequency offset can be jointly estimated by TRS and SS-block if they are allocated in consecutive slots. For example, if X=2 is required for a particular subcarrier spacing, TRS and actually transmitted SS-block can be transmitted in consecutive slots, then the number of slots for TRS can be reduced to be 1 as shown in Figure 2. Since SS-block can have 2 DM-RS symbols for PBCH, the TRS can be mapped to another 2 symbols in the second slot, where another SS-block may be transmitted as well. Thus the number of always-on downlink slots can be reduced, so that some scheduler limitation can be released. In addition, if TRS is QCLed with CSI-RS and X=2 should be required, the CSI-RS and TRS can be mapped to consecutive 2 slots, then the number of TRS symbols can be 3 if the QCLed CSI-RS only has 1 symbol.



Figure 2: time/frequency offset tracking by joint SS-block and TRS
Proposal 4: If TRS is QCLed with SS-Block or CSI-RS, joint time/frequency offset tracking by TRS and SS-block or CSI-RS should be supported.
Further, since the TRS is used for fine time/frequency offset tracking, for idle mode UE, it can use the SS-block for some initial time/frequency offset tracking. Then to communicate with the gNB for some messages before the UE get connected, such as Msg2, the UE can rely on the initial time/frequency offset tracking. Therefore it is not necessary to configure the TRS for idle mode UE. Some parameters, such as the periodicity of TRS, can be UE specifically configured after the UE get connected.
Proposal 5: For idle mode UE, it is not necessary to configure the TRS.
3. Conclusion
In this contribution, we provide some discussion on the reference signal for fine time/frequency tracking, and the following observations and proposals have been achieved.
Proposal 1: At least for 15kHz subcarrier spacing, the number of slot for TRS X=1 should be supported.
Proposal 2: For subcarrier spacing larger than 15kHz case, if X=2 is supported, the TRS and SS-block can be multiplexed in the same slot to avoid too many always-on downlink slots.
Proposal 3: To support multi-beam operation, the TRS should be QCLed with the SS-block or CSI-RS for beam management regarding at least delay spread, average delay, Doppler shift and Doppler spread.
Proposal 4: If TRS is QCLed with SS-Block or CSI-RS, joint time/frequency offset tracking by TRS and SS-block or CSI-RS should be supported.
Proposal 5: For idle mode UE, it is not necessary to configure the TRS.
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