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1. Introduction
In RAN1 #90bis meeting, some agreements on TRS have been achieved as follows. [1] 
Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
TRS can be configured on a carrier or on an active BWP when SS block is not present

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options
Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1

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
It has been agreed that the TRS can be FDMed and TDMed with SSB in a slot. 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 1. 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 1: time/frequency offset tracking by joint SS-block and TRS
Proposal 1: RE sharing between TRS and DMRS of PBCH should be supported.
2.2 UE Triggered 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 2 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 2: UE triggered TRS when Rx beam changes
Proposal 2: The TRS should be reconfigured if TCI state is updated or after 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 Measurement Restriction  
There can be multiple candidate TRS periodicities. Different periodicities may be applied to different UEs, since the channel variation speed could be different for different UEs. When the moving speed of one UE changes, the best periodicity for the UE may change. Then one possible way is to reconfigure the TRS. However that may require large overhead of control signalling. Another possible way is to use the Measurement Restriction (MR). Since the TRS can be used for multi-beam operation, in which different beams could be applied to different TRS time instance. Then for the MR, the QCL of different TRS time instances should be defined.
If TRS is configured for the UE, UE shall assume the QCL measurement restriction for average delay, delay spread, Doppler shift, Doppler spread for TRS signals transmitted in the different TRS bursts. UE shall perform independent estimation of the average delay, delay spread, Doppler shift, Doppler spread on different TRS burst. UE should apply the estimated values after some slots after TRS burst is transmitted. If TRS was ‘off’, TRP should schedule PDSCH transmission only after valid TRS transmission.
Proposal 3: The MR with QCL parameters for TRS should be supported.
2.4 TRS for above 6GHz
The TRS can be applied to above 6GHz time and frequency offset tracking. However in above 6GHz, the number of beams could be more than that in below 6GHz. Further in above 6GHz, the PT-RS can be used for both uplink and downlink, which can be used for frequency offset tracking, which can be used in every symbol, every other symbol or every 4th symbol. If the phase shift is large between symbols, the gNB can configure the PT-RS time domain density to be every symbol. If the phase shift is small, the gNB can configure the PT-RS time domain density to be low or even disable the PT-RS. Hence for above 6GHz, the frequency offset tracking can be handled by PT-RS.
Then, how to track the time offset could be an issue. For time offset tracking, the TRS can be a 1-port CSI-RS with enough allocated bandwidth. Some CSI-RS resources that are QCLed with the PDCCH should be used to estimate the hypothetical BLER for beam failure monitoring. Hence the density and the bandwidth for those CSI-RS resources should be good enough for time offset tracking. Thus for above 6GHz, the TRS should be one CSI-RS resource that is QCLed with the PDCCH with the density D=3RE/RB
Proposal 4: For above 6GHz, the TRS should be one CSI-RS resource that is QCLed with the PDCCH with the density D=3RE/RB. 
2.5 TRS Time/Frequency Mapping
There can be one case that the NR and LTE can coexist. Then a UE may connect the NR and LTE in dual-connectivity mode. In one scenario, the NR and LTE may operate in the same band. In that case, there could be some mutual interference between the two systems. Then it is better that he TRS and CRS can be multiplexed in orthogonal manner to reduce the interference. 
[bookmark: _GoBack]Proposal 5: With regard to NR and LTE coexistence in the same band, it is better that the TRS and CRS can be multiplexed in orthogonal manner.
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: RE sharing between TRS and DMRS of PBCH should be supported.
Proposal 2: The TRS should be reconfigured if TCI state is updated or after beam recovery and the UE triggered TRS should be supported to support potential UE Rx beam change when the TRS periodicity is large.
Proposal 3: The MR with QCL parameters for TRS should be supported.
Proposal 4: For above 6GHz, the TRS should be one CSI-RS resource that is QCLed with the PDCCH with the density D=3RE/RB.
Proposal 5: With regard to NR and LTE coexistence in the same band, it is better that the TRS and CRS can be multiplexed in orthogonal manner.
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