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1. Introduction
In the  NR Ad hoc #3 and RAN1#90bis, the following agreements were achieved regarding TRS [1][2]:
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

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, TRS related issues are further discussed. This TDoc is revised based on previous submitted versions.
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;
Base on the pattern agreed at the last meeting, we did some evaluation to compare different patterns. From the following simulation, 

· X=1 should also be supported; For the QAM 16 case, the performance difference is small compared to X=2 and it is only 0.7dB lower than the ideal case; For QAM 64 case, the performance for X=1 is closer to X=2. This is because when frequency offset and Doppler shift are mixed together, time selective fading caused by Doppler shift has a greater impact on frequency accuracy in high speed scenarios, it is more important to estimate the frequency offset. For X=2, the channel correlation is decreasing with greater symbol distance. The frequency offset estimation accuracy would be largely influenced.    
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· Although X=2 provide better time/frequency tracking performance, the configuration which needs two consecutive downlink slots brings scheduling restriction. Since in some scenarios such as dynamic TDD or NR unlicensed operation, it is difficult to configure two adjacent slots for TRS. X=1 can bring a more flexible configuration of TRS. Thus, we also support X=1 which can provide not bad estimation performance in these scenarios. 
· We support 4_8_12 (symbol index starts from 0) and 4_7_10 when X=1considering DMRS pattern and PDSCH region. Possible TRS pattern for X=1 is shown below. Additional options for X=1is for further study.
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· For X=2 and N=2+2 case, symbol index 4_8/5_9/6_10 has been agreed in the last meeting. It is difficult to use only one kind of index to satisfy all cases considering different DMRS pattern and PDSCH region. Thus we believe the three kinds of TRS symbol index could be considered as a configurable alternative based on available TRS position.
Proposal 1: 

· For the time domain patterns of TRS, support X=1below 6GHz.
Proposal 2: 
· Support 4_8_12 (symbol index starts from 0) and 4_7_10 when X=1. Additional options for X=1is for further study.
Proposal 3: 

· For X=2 and N=2+2 case, symbol index 4_8/5_9/6_10 could be considered as a configurable alternative based on DMRS pattern and PDSCH region.
2.2. Frequency domain patterns
At the last meeting, additional Sf values were asked for further study. Sf represents TRS frequency domain density which determines the maximum resolvable delay spread. Considering the time delay estimation performance and system overhead, we still support Sf=4 .    
Proposal 4: 

· For frequency density of TRS, support Sf=4. 

3. 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 QPSK is less than 0.5 dB. Thus we propose not to support TRS configuration in idle mode. 
Proposal 5:
· TRS is not supported for idle mode operation.
4. TRS for above 6GHz
In the last meeting, TRS above 6GHz has been agreed. In this scenario, we are able to use mmW which brings a huge enhancement of transmission rate. But mmW’s attenuation in the air is very large, this feature makes mmW technology not suitable to use in outdoor mobile terminals and base stations far away from the occasion. Major manufacturers of the NR use the plan which is in the outdoor open area using the traditional sub-6GHz band to ensure signal coverage, while in the indoor area using micro base station with mmW technology to achieve ultra-high-speed data transmission. So we know that most of the scenarios above 6GHz are low-speed scenarios. In the low-speed scenarios, we assume that UE’s speed is 3km/h and even 30km/h.
We did some simulations which evaluated the Bler performance of different Doppler spread input to DMRS channel estimation at different speed.
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We can see that at high speed such as 80km/h, different Doppler spread input to DMRS channel estimation brings large Bler change. While in low-speed scenarios like 3km/h and 30km/h, Bler performance has less change when different Doppler spread input to channel estimation, especially in 3km/h scenario. In 3km/h scenario, it can be seen that no matter how SNR and Doppler spread changes, Bler performance is almost unaffected.
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From the further simulations above, it could see that the worst case has only 0.5dB Bler performance loss comparing with the ideal case at low speed. This means high accuracy estimation of Doppler spread makes no significant improvement of Bler performance. We don’t need to use TRS for fine Doppler spread tracking, so X=1 is sufficient for above 6GHz. 
We note that PTRS also exists in high frequency band. The frequency density of PTRS depends on the scheduled BW of UE and the time density of PTRS depends on the scheduled MCS of UE. PTRS has bad time domain estimation performance due to its large frequency spacing and restricted bandwidth, while its time density is sufficient for frequency offset tracking. But in some case of small scheduled bandwidth, the number of PTRS samples for frequency offset estimation is too small to suppress noise, so we don’t support PTRS for frequency offset estimation. Therefore, TRS above 6GHz cannot be only used for time offset tracking and N=1 is not supported. In high frequency band, we suggest TRS reuse parameters of X=1 below 6GHz, ie N=3.
TRS period is depended on the acceptable frequency estimation error range. At high frequencies, we can still configure different periods according to different frequency offset scenes. We suggest TRS period above 6GHz reuse the same period as for sub 6GHz. 
Proposal 6: 
· For the parameters of TRS above 6GHz
· Support X=1.
· Support N=3.
· At least support periodicity of TRS burst equal to 10ms,20ms,40ms,80ms.
5.      TRS sequence
TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y, so we support to use the same formulation as for CSI-RS. We also suggest sequence initial value use different time index for different OFDM symbol of TRS. 
Proposal 7:
· For TRS sequence, support using the same formulation as for CSI-RS.

·   Support different OFDM symbol index for sequence initial value.
6.      TRS measurement restriction
In the last meeting, CSI-RS measurement restriction functionality can be configured between TRS bursts is proposed for further study. The view supporting measurement restriction of TRS is consecutive slots TRS cannot be transmitted in some scenarios such as dynamic TDD, etc. But in our previous simulation in section 2.1, it could be seen that a single TRS burst also provide not bad time/frequency estimation performance for channel estimation. Thus it is no need to have measurement restriction.    
Proposal 8:
· CSI-RS measurement restriction functionality is not supported in Rel-15.
7.       Relationship with DRX
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, thus invalidate the necessity of TRS. Aperiodic TRS burst is also not needed before DRX ON duration.
Considering above issues, we have the following proposal. 
Proposal 9:
· 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;
· Aperiodic TRS burst is not supported in Rel-15.
8. Conclusion

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

· For the time domain patterns of TRS, support X=1below 6GHz.

Proposal 2: 
· Support 4_8_12 (symbol index starts from 0) and 4_7_10 when X=1. Additional options for X=1is for further study.
Proposal 3: 

· For X=2 and N=2+2 case, symbol index 4_8/5_9/6_10 could be considered as a configurable alternative based on DMRS pattern and PDSCH region.
Proposal 4: 

· For frequency density of TRS, support Sf=4. 

Proposal 5:
· TRS is not supported for idle mode operation.
Proposal 6: 
· For the parameters of TRS above 6GHz
· Support X=1;
· Support N=3;
· Support periodicity of TRS burst equal to 10ms, 20ms, 40ms, 80ms.
Proposal 7:
· Use the same formulation as for CSI-RS.

·   Support different OFDM symbol index for sequence initial value..
Proposal 8:
· CSI-RS measurement restriction functionality is not supported in Rel-15.
Proposal 9:
· 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;

· Aperiodic TRS burst is not supported in Rel-15.
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