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Introduction
In RAN1 AH 1709[1], the design of TRS reached the following agreement
	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



There was also a WF addressing the remaining issues of TRS[2], which had not reached consensus on some topics by the end of the last meeting. In this contribution, we are going to discuss those remaining open issues.

Discussion
TRS design for HST
Under high speed train (HST) where the mobility could be 500km/h, the Doppler shift is severe. Take 4GHz carrier frequency as an example, the maximum Doppler shift could be

To estimate such a large Doppler shift (in case coarse CFO estimates provided by SS block is not used), two TRS symbols needs to be separated by at most

Supposing that TRS is using the numerology of 15kHz, the distance between two TRS symbols should be less than

If otherwise the TRS symbol is separated by more than 4 symbols, due to the phase ambiguity, the Doppler shift estimates would be wrong. Therefore, we propose that the minimum distance between two TRS symbols should be 3 symbols, at least for 15kHz subcarrier spacing and HST. 
Proposal 1: At least for 15kHz subcarrier spacing and HST, the minimum distance between TRS symbols should be 3 symbols.
We have run the simulation to show the tracking performance of TRS under HST. Based on the previous discussion, the symbol location within a 2-slot TRS burst is , where the first two symbols are in the first slot, and the last two symbols are in the second slot, and each pair is 3 symbols apart. The other simulation assumptions are shown in Table 1.
[bookmark: _Ref494454578]Table 1 Simulation assumptions for TRS
	Parameters
	Value

	Carrier frequency
	4GHz

	RRH distance
	500m
Only simulated the range [-500, 500] where the RRH is located at 0.

	Distance from RRH to rail
	50m

	Channel model
	LOS, single path with Doppler

	Transmit SNR
	30dB

	Subcarrier spacing
	15kHz

	TRS burst composition
	 starting from 0 in the first slot

	Doppler shift estimation filtering
	Single-shot estimation in a TRS burst, using LS algorithm



Figure 1 to Figure 3 show the frequency tracking performance with TRS periodicity 20ms, 10ms, and 5ms, respectively. It can be observed that the noise variance is high when the Doppler shift is high, so time domain filtering across multiple TRS estimates is needed. On the other hand, the Doppler shift change is rapid when it is low, and a long filtering window would introduce a long group delay. How to design an causal filter should be studied.
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[bookmark: _Ref494455612]Figure 1 Frequency tracking with TRS periodicity 20ms
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Figure 2 Frequency tracking with TRS periodicity 10ms
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[bookmark: _Ref494455617]Figure 3 Frequency tracking with TRS periodicity 5ms

It can be observed that even 20ms periodicity without filtering can well capture the Doppler shift change across the entire process passing through an RRH. Reducing the periodicity can offer a denser sampling in the time domain, and theoretically UE can have a more accurate estimate. Yet the trade-off between resource utilization and performance needs more evaluation.
Observation 1: Time domain filtering needs to be considered at UE side.
Observation 2: Y=20ms seems to be sufficient for HST tracking.
TRS with SS block
For below 6GHz where the subcarrier spacing of SS block and TRS/PDSCH is 15kHz, SS block could occupy most of the time domain resources within a 5ms window. Only allowing TDM of SS block and TRS could put too much restrictions on possible TRS positions within a TRS burst. Meanwhile, the flexibility of the positions of additional DMRS across UEs would further reduce number of the symbols that TRS could be mapped on without any collision.
Observation 3: Restriction on possible TRS symbol is observed if only allowing SS block and TRS to be TDMed.
On the other hand, even FDMed TRS and SS block have different numerologies, UE could still process TRS and SS block at the same time via separate FFT window. As the LS[3] from RAN4 confirms, NR supports the case where SS block and PDSCH have different numerologies, and the processing of SS block is related to beam management and radio link monitoring, different from that of PDSCH related procedure, each using its own processing unit. Therefore, in our mind, reception of different numerologies with respect to SS block and data at the same time is already mandatory in NR, and thus there should be no major impact to receive SS block and TRS simultaneously even with mixed numerology.
Proposal 2: Support TRS to be FDMed with SS block.

TRS for above 6GHz
The problems of using PT-RS for above 6GHz are that
· PT-RS transmission is aperiodic, and the tracking performance is not guaranteed.
· When there is a large Doppler shift, the inter-carrier interference (ICI) is severe, where the polluted PT-RS cannot provide a desirable performance of frequency tracking.
· Since PT-RS is associated with PDSCH, there is no frequency tracking before PDSCH transmission, e.g., CSI-RS for CSI acquisition.
· In a BWP where there is no SS block, there is no signal even for coarse tracking, and use of PT-RS for time-frequency tracking may face great challenges.
Therefore, we propose TRS should also be supported for 6GHz. As for the TRS overhead due to narrow beam, we have the following considerations
· There are more slots in a TRS periodicity since the slot duration is shorter in above-6GHz.
· TRS is associated with each UE, so the general overhead is upper-bounded by the number of UEs in a cell, and the overhead is reduced if two UEs can share one TRS. It is also worth noting, the overhead of CSI-RS for beam management is of similar order to that of TRS.
· TRS transmission should be after the transmission of CSI-RS for beam management, and QCLed with the selected CSI-RS resources, among which gNB dynamically schedules the beams for PDSCH.
· Possible adjustment of the beam width of TRS can be used as long as the QCL assumption still holds if the overhead is overwhelming, so technically it does not mandate the beam of TRS to be exactly the same as the beam of CSI-RS for beam management.
Proposal 3: Support TRS for above 6GHz.

TRS for IDLE UE
It has already been agreed offline that periodic TRS is not present for IDLE mode UE. For paging of IDLE mode UE after long DRX, some POs might have large time gap to the SS block, and thus aperiodic TRS could be triggered before the transmission of associated PDSCH carrying paging message. The triggering DCI could be either paging group indicator or the DCI that schedules the paging message, depending on the outcome from initial access. In this regard, a 1-slot TRS burst could be considered. It is worth noting that if paging message is only transmitted by DCI without PDSCH transmission, TRS may not be needed.
Since for IDLE mode UE, there is no RRC configuration, the following configuration method could be considered
· The TRS configuration could be
· Alt.1 Fixed in the specification
· Alt.2 Configured by RMSI or SIB
· QCL association where the TRS(s) is/are QCLed with SS block(s) with respect to Doppler shift, and average delay
· Alt.1 Fixed in the specification
· Alt.2 Indicated to the UE
· The position of the TRS
· Alt.1 Upon the transmission of DCI
· Alt.2 After the scheduling DCI
Proposal 4: Aperiodic TRS should be supported for NR paging transmission for IDLE mode UE with
· X=1
· Trigger by paging DCI, FFS paging indicator or scheduling DCI of paging message

TRS with long DRX cycles
[bookmark: _GoBack]For C-DRX, UE maintains its CONNECTED states, TRS can be configured with respect to the DRX on duration, e.g., within a few slots before DRX on. So a few slots of pre-wakeup can ensure the synchronization status upon DRX on. As for the alignment with respect to the QCLed SS blocks, which could provide a coarse time-frequency tracking before TRS, the distance between TRS and SS block should be also configured within a certain period of time, so that UE can use the SS block first and then TRS to perform a single-shot 2-step time-frequency refinement before C-DRX on, without a too early pre-wakeup. Since SS block fixed in time, the restrictions is on the side of configuration of TRS and C-DRX.
Proposal 5: Support the case where
· Periodic SS burst and periodic TRS burst are arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON

Conclusion
In this contribution, the following observation and proposals regarding the remaining issues of TRS are presented.
Observation 1: Time domain filtering needs to be considered at UE side.
Observation 2: Y=20ms seems to be sufficient for HST tracking.
Proposal 1: At least for 15kHz subcarrier spacing and HST, the minimum distance between TRS symbols should be 3 symbols.
Proposal 2: Support TRS to be FDMed with SS block.
Proposal 3: Support TRS for above 6GHz. 
Proposal 4: Aperiodic TRS should be supported for NR paging transmission for IDLE mode UE with
· X=1
· Trigger by paging DCI, FFS paging indicator or scheduling DCI of paging message
Proposal 5: Support the case where
· Periodic SS burst and periodic TRS burst are arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON
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