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1. Introduction
In the 3GPP RAN1 #90, the following agreements were achieved regarding TRS [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, TRS related issues are further discussed.
2. TRS patterns
Values for the TRX pattern need to be selected regarding periodicity of TRS, number of slots within the burst, number of symbols within each slot and frequency domain patterns. For each value, corresponding simulation is conducted to downselect from listed options. 
2.1. Time domain patterns
For time domain patterns, there are mainly two aspects that need to be designed.

· Periodicity of burst;

· Number of slots in a burst;

· Symbol gap within one slot;
We did some evaluation to compare different patterns. From the following simulation, 

· X=1 should also be supported; At least for the following cases, the performance difference is very small compared to X=2;

· The gap between symbols should be as small as 3 symbols to cover large frequency offset case;
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For the periodicity of TRS, in our simulation, 1 kHz is simulated. For the worst case, suppose there is 1ppm/s LO frequency drift at the UE side. At the frequency of 4GHz, within one second, the corresponding frequency drift would be as large as 4 kHz. For 80ms, the frequency offset would be several hundreds of Hertz. Through above simulation, it could be seen that even with 1 kHz frequency offset, the corresponding pattern is still working. Thus we have the following proposals

Proposal 1: 

· For the time domain patterns of TRS, support

· Support periodicity of TRS burst equal to 80ms;

· Support X=1;

· Support number of symbols within one slot equal to 2;

· Support gaps between symbols within one slot equal to 3;

2.2. Frequency domain patterns
For frequency domain patterns, the main issue is whether to support 24 PRBs or 50 PRBs. There are two factors that influence the choices:

· Timing estimation accuracy with smaller bandwidth. It could be estimated for 15 kHz subcarrier spacing, at relatively higher SNR, the corresponding timing error would be at most 100ns, which is far less than CP length.  
· Number of samples for estimation with smaller bandwidth. At low SNR, this is more important to lower noise. We did some evaluations to see whether it is enough with 24 PRBs TRS.
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It could be seen that from the simulation results that 24 PRB TRS could provide performance close to ideal estimate of Doppler spread and frequency offset. Thus 24 PRB TRS should be supported. 
Proposal 2: 

· For bandwidth of TRS, at least support ~24 PRBs. 

3. Multiplexing and RE sharing with other signals
Currently the following patterns are supported for TRS

· Sf=4;

· B is downselected from ~24 PRB, ~50 RRB.
It is also FFS in CSI-RS for beam management about D=3. TRS could be constructed with CSI-RS as component. Such aggregation would reduce the RS overhead and rate matching signaling to the largest extent.   
Proposal 3:
· Support RE sharing between TRS and CSI-RS for beam management.

· FFS RE sharing between TRS and SSB DMRS. 

4. Idle Mode Operation
Regarding whether TRS is needed for idle mode, we also conduct some simulations. The major intention is to check whether SSB based frequency offset estimation is enough to decode SIB and paging message. 
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From above simulation results, it could be seen that with SSB the corresponding performance loss of 16QAM is approximately 0.7 dB, while for QPSK the performance loss is less than 0.5 dB. Thus we propose not to support TRS configuration in idle mode. 
Proposal 4:
· TRS is not supported for idle mode operation.
5. Relationship with DRX and SS block
As we proposed and simulated in the above, it could be seen that TRS could be sharing the same REs as SSB DMRS. In order to facilitate such sharing, the following method could be supported:
· 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 are also some other considerations. The typical scenarios for TRS application are multi-TRP scenarios. Such multi-TRP scheme could always be dynamically scheduled once the channel satisfies corresponding conditions. Thus when UE just entered DRX on, the network could always schedule with relatively low MCS and single TRP operation and invalidate the necessity of TRS.

Considering above issues, we have the following proposal. 
Proposal 5:
· TRS time domain position is configurable regarding its relative position with SS block and DRX on.

· It should be possible to configure the TRS such that 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
6. Conclusion

In this contribution, rate matching related issues are discussed, and the following proposals are given:
Proposal 1: 

· For the time domain patterns of TRS, support

· Support periodicity of TRS burst equal to 80ms;

· Support X=1;

· Support number of symbols within one slot equal to 2;

· Support gaps between symbols within one slot equal to 3;

Proposal 2: 

· For bandwidth of TRS, at least support ~24 PRBs. 
Proposal 3:
· Support RE sharing between TRS and CSI-RS for beam management.

· FFS RE sharing between TRS and SSB DMRS. 

Proposal 4:
· TRS is not supported for idle mode operation.
Proposal 5:
· TRS time domain position is configurable regarding its relative position with SS block and DRX on.

· It should be possible to configure the TRS such that 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
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