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1   Introduction
In RAN4#92 meeting, the company proposed to introduce the UL timing adjustment demodulation performance requirement [1] but there was no agreement on whether to introduce it in the NR performance specification. In this contribution, we would like to share our view on this topic.
2   Discussion
2.1   Previous agreement

In the agreed way forward [2], the proposal from [1] was listed as the candidate requirement for verification of UL timing adjustment performance under NR high speed scenario. The other open issue is whether SRS is needed for the test. The proposed test method is similar to the UL timing adjustment requirement for LTE.
The agreed way forward for UL timing adjustment is copied as below.
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* Scenarios
— Option 1: (NTT DoCoMo)

Parameter Scenario X Scenario Y Scenario Z
Channel model Stationary UE: AWGN  Stationary UE: AWGN  Stationary UE: AWGN

Moving UE: TDLC300-  Moving UE: AWGN Moving UE: AWGN

400
UE speed 120 km/h 350 km/h 500 km/h
CP length Normal Normal Normal
A 10*15/SCS us 10*15/SCS ms 10*15/SCS ms
,where SCS is Sub ,where SCS is Sub ,where SCS is Sub
Carrier Spacing in kHz. Carrier Spacing in kHz. Carrier Spacing in kHz.
Dw 0.04 s 0.13s? 0.18 s

— Other options not precluded

* Reference signal
— Option 1: SRS for uplink timing advance requirement
— Other options are not precluded




Figure 1: Agreed way forward for NR UL timing adjustment performance requirement
2.2   LTE UL timing adjustment requirement

Test method
In section 8.2.2 of TS36.104, the requirements for UL timing adjustment are specified. In the requirement, two UEs are scheduled: one stationary UE and one moving UE. The consecutive resources with equal power are allocated for two UEs. HARQ retransmission is assumed and the transmission of SRS is optional. The throughput of the moving UE is used as the test metric.
During the test, two users’ PUSCH are transmitted with the consecutively allocated resources. The PUSCH signal from the stationary UE arrives at BS at a certain time, while the arrival time of PUSCH from the moving UE vary with an artificial channel where the location of first path of channel changes in a sin(ωt) function with the rate ω in proportional to UE moving speed.
BS is expected to accurately estimate the arrival time of the users signal and adjust the transmission time of the individual UE by sending the TA command such that the arrival time of PUSCH from two users are almost the same. Otherwise, there will be cross-trunk interference between two users and the performance of moving UE will degrade.
Scenarios under consideration
Two scenarios are specified for LTE: moving UE under fading channel and moving UE under AWGN channel. Two scenarios as well as the propagation conditions are copied below.
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Figure B.4-1: Moving propagation conditions.
4 .
At = B sin( A -1) (B.4-1)-

Table B.4-1: Parameters for UL timing adjustment.

= Parameter- Scenario 1~ Scenario 2~ o
- Channel model- Stationary UE: AWGN. AWGN- lo
Moving UE: ETU200-
- UE speed- 120 km/h= 350 km/h- o
- CP length- Normal- Normal- o
- A: 10 pis- 10 pis- -
= Ao- 0.04 s'o 0.13 5o o
NOTE 1: Multipath fading propagation conditions for Scenario 1 were derived for Band 1 with additional rounding

applied to the Doppler frequency calculated for the specified UE speed..

NOTE 2: In Scenario 2, Doppler shift is not taken into account..




Figure 2: two scenarios for UL timing adjustment in LTE specification

Compared to the proposal in Figure 1, the main change is the A parameter which is the largest number of first path delay. In the new proposal, A is in proportional to 1/SCS, which accommodate the length of CP for different SCS and seems reasonable.

2.3   NR UL timing adjustment requirement
Compared to LTE, it seems reasonable to request to introduce the NR UL timing adjustment requirement to verify the performance of accurately estimating the arrival time of uplink signal and adjusting the TA properly and timely.
From the performance verification perspective, the key aspect of the requirement is to verify the accuracy of uplink signal arriving time estimation. The same algorithm will be used no matter what kind of propagation condition is.  Since NR uses multiple SCS-es and different velocities would need be considered, which increase the number of testing, it is expected to reduce the testing burden if possible. So we think just one scenario would be sufficient to verify the UL timing adjustment performance. 
In our view, AWGN channel can serve the test purpose well. And for the velocity, we are OK to introduce the requirements for both 350km/h and 500km/h according to different phases of WID, and if possible we prefer to only introduce the requirement with 350km/h.
Proposal 1: Use AWGN as the propagation conditions to verify the NR UL timing adjustment performance, and reuse the existing parameters and moving propagation conditions for LTE as much as possible.
For SRS, according to the feature list the transmission of basic SRS is specified as mandatory without capability signalling, which is captured in TR38.822 [3] as shown below in Figure 3. Besides, considering the importance of SRS for massive MIMO, we propose to enable transmission of SRS for the NR UL timing adjustment requirements. BS can use SRS to further improve the timing estimation performance.

Proposal 2: Suggest transmitting SRS for NR UL timing adjustment performance requirements.
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Figure 3: Mandatory feature—SRS transmission

Because the DMRS structure of NR is different from LTE and SRS would be used for the UL timing adjustment requirements, we are thinking that RAN4 should further evaluate the uplink timing performance under the UL timing adjustment scenario. The purpose is two-fold: 

· Firstly to evaluate the uplink timing estimation performance based on DMRS and/or SRS and potentially compare the performance with the legacy RAT; 

· Secondly to get the timing error number which can be used in the downlink simulation campaign to derive the final downlink throughout test metric for this NR UL timing adjustment performance requirement.
During the evaluation, a number of SNR should be considered and under each the CDF of timing estimation error should be provided.
3   Conclusion
In this contribution, we provide our views on the NR UL timing adjustment requirements. The proposals are summarized as follows:
Proposal 1: Use AWGN as the propagation conditions to verify the NR UL timing adjustment performance, and reuse the existing parameters and moving propagation conditions for LTE as much as possible.

Proposal 2: Suggest transmitting SRS for NR UL timing adjustment performance requirements.

Besides, we suggest having a simulation campaign to evaluate the accuracy of uplink timing estimation based on DMRS and/or SRS.
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