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1. Introduction
In RAN1 NR AH #3 meeting, some agreements on TRS have been achieved as follows. [1] 
Agreement:
The TRS symbol number in each slot for X=2 
· At least 2+2 is supported
· FFS: Support of 3+1
Agreement:
· For TRS, support TRS burst length X=2 slot.
· A slot containing SSB can be configured for TRS 
· TRS may be TDM with SSB to avoid collision
· FFS: TRS may be FDM with SSB to avoid collision
· Strive to have same burst pattern of TRS configurations with and without slot containing SSB

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
2.1 TRS Multiplexing with SSB
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. So one possible way to reduce the number of always-on downlink signal is to multiplex the TRS and SSB in the same slot. 
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It has been agreed that the TRS and SSB can be multiplexed in TDM manner. When a BWP is large, e.g. it can take 100 RB, it is possible to multiplex TRS and SSB in the same slot as shown in Figure 1. The frequency offset between SSB and TRS can be configured.  
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Figure 1: multiplex SS-block and TRS in FDM manner
Proposal 1: In addition to TDM manner, the TRS and SSB can be multiplexed in FDM manner.
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 used, 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. Therefore if the bandwidth of TRS is the same as that of DMRS of PBCH, fully RE sharing between TRS and DMRS of PBCH should be supported.



Figure 2: time/frequency offset tracking by joint SS-block and TRS
Proposal 2: At least fully RE sharing between TRS and DMRS of PBCH should be supported when the bandwidth of TRS is 24 RB.
2.2 TRS Configuration
The candidate TRS periodicity can be {5, 10, 20, 40} ms. The periodicity can be determined by UE’s speed. If the channel varies fast, it is better to transmit TRS more frequently. On the other hand, if the channel varies slow, it is better to transmit the TRS with higher periodicity so that the overhead of TRS can be reduced and the UE power can be saved. So it is better to keep all candidate periodicities and the TRS periodicity for a UE can be configurable. Further, the UE should have the knowledge of its time/frequency tracking accuracy and moving speed. It can suggest its target TRS periodicity to assist the gNB to configure the TRS.
One UE can be configured with multiple TRS resources if multi-beam operation is used. The number of TRS resources should be the same as the number of TCI states. If one TCI state changes, the gNB can trigger the TRS reconfiguration so that the UE can track the corresponding new TRS resources. Further, if the UE beam changes, the UE can trigger the corresponding TRS transmission if the TRS periodicity is large so that it can track the time/frequency offset for the new gNB-UE beam pair links. Figure 3 illustrates one possible use case for the UE triggered TRS. In addition, during beam recovery, the new beam may not exist in the TCI states, then the UE can trigger the TRS transmission to track the time/frequency offset for the new beam.


Figure 3: UE triggered TRS when Rx beam changes
Proposal 3: The TRS periodicity {5, 10, 20, 40}ms should be supported, and it should be supported that the UE can suggest its TRS periodicity.
Proposal 4: The TRS should be reconfigured if TCI state is updated after beam indication or beam recovery and the UE triggered TRS should be supported to support potential UE Rx beam change when the TRS periodicity is large.
2.3 TRS for Idle mode  
The TRS is used for fine time/frequency offset tracking, and for idle mode UE, only some initial time/frequency offset tracking should be necessary. Thus for idle mode, a UE 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: In addition to TDM manner, the TRS and SSB can be multiplexed in FDM manner.
Proposal 2: At least fully RE sharing between TRS and DMRS of PBCH should be supported when the bandwidth of TRS is 24 RB.
Proposal 3: The TRS periodicity {5, 10, 20, 40}ms should be supported, and it should be supported that the UE can suggest its TRS periodicity.
Proposal 4: The TRS should be reconfigured if TCI state is updated after beam indication or beam recovery and the UE triggered TRS should be supported to support potential UE Rx beam change when the TRS periodicity is large.
Proposal 5: For idle mode UE, it is not necessary to configure the TRS.
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