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1. Introduction
In the past few RAN4 meetings, scenarios for NR PUSCH UL timing adjustment have been proposed few times. However, there has not been many discussions on this area. In [1], current proposals are summarized as shown below:
Scenarios
· Option 1: (NTT DoCoMo)
Parameter
Scenario X
Scenario Y
Scenario Z
Channel model
Stationary UE: AWGN
Moving UE: TDLC300-400
Stationary UE: AWGN
Moving UE: AWGN
Stationary UE: AWGN
Moving UE: AWGN
UE speed
120 km/h
350 km/h
500 km/h
CP length
Normal
A
10 × (15 ∕ SCS) µs, 
where SCS is sub-carrier spacing in kHz.
Δω
0.04 s-1
0.13 s-1
0.18 s-1
· Other options are not precluded
Reference signal
· Option 1: SRS for uplink timing advance requirement (Nokia)
· Other options are not precluded













In this contribution, we present our views on the proposed scenarios and reference signal for NR PUSCH UL timing adjustment.

2. [bookmark: _Ref6404628]Discussion
2.1 Scenarios
To ensure reliable orthogonality of uplink transmissions from different UEs in a cell under propagation scenarios, requirements on UL timing adjustment were introduced in LTE. In NR, the proposed propagation scenarios suggested in [1], as shown in Table 1, implies similar approach as that in LTE would be taken in setting the requirements on UL timing adjustment. 
For LTE, a model of the timing evolution is adopted as follows [2]:
 									(1)
A is set as 10 microseconds, which implies a maximum time deviation of 5 microseconds, which implies a maximum distance of 1500m of the UE from the BS.
The model implies that the time deviation of the UE varies sinusoidally from +A/2 to -A/2. Δ is presumably the angle of the basestation as seen from the UE. It is somewhat difficult to relate the model to the real world for two reasons:
· The model seems to neglect that the physical distance of the UE from the BS changes with time as well as the angle of the BS with respect to the UE; the physical distance remains as 1500m (5 microseconds flight time) but the angle between the UE and BS changes.
· The model assumes a constant rate of angular change. However, if the UE is moving at constant speed then the rate of angular change will vary with time. When the UE is 1500m from the basestation, advancing e.g. 10m will not change the angle of the BS with respect to the UE much. However, as the UE passes by the basestation, the angle of the UE with respect to the BS changes rapidly.

Observation 1: It is difficult to relate the model for timing advance evolution to the real world.
Based on LTE’s assumption [2], the intention seems to test BS performance in situations where UEs are displaced by from +CP to -CP but travelling at same speed with either SCS = 15 kHz or SCS = 30 kHz. In the WF from last meeting, it is proposed to scale A by the SCS. This seems to imply that the assumed maximum distance of the UE from the BS is scaled with the subcarrier spacing. If A is scaled by SCS, in order to maintain the same physical meaning, in our view, Δω should also be scaled. 
[bookmark: _Ref20455316]Table 1. Currently proposed propagation scenarios in [1].
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal

	A
	10 × (15 ∕ SCS) µs , 
where SCS is sub-carrier spacing in kHz.

	Δω
	0.04 s-1
	0.13 s-1
	0.18 s-1



In the following, we would show this mathematically. 
We have  defined by equation (1), the timing shift , could also be expressed as [3],
 											(2)
where  is UE velocity, and c is speed of light.
By taking the derivatives of equation (1) and equation (2), [3],  could be derived. In Table 1, it shows that A is scaled by 1/2µ, to ensure correct rate of change of timing,  should be scaled by 2µ for different SCS.
[bookmark: _Hlk21061141]Observation 2: If A is scaled by (2µ)-1, it has an implication that the physical deployment is scaled according to SCS. 
Observation 3: If A is scaled by (2µ)-1 values proposed in the WF [1], should be scaled by 2µ according to the derivation of . This implies that the rate of angular change and rate of change of timing of the UE scales with the SCS.
Observation 4: Having the assumed physical distance and rate of change of timing supported by BS being dependent on SCS would most likely not occur in practice for frequency bands within FR1.
Then, to allow the same rate of change of timing  (i.e. independent of SCS), we would define: 
, 	(3)
For the relation given in equation (3) to hold, it would require, A defined in equation (1) to also be independent of SCS. This would further allow us to have same physical layout for both SCS = 15 kHz and SCS = 30 kHz. 
As mentioned, having the physical layout and the rate of change of timing supported by BS being dependent on SCS would most likely not occur within FR1, we prefer:
[bookmark: _Hlk21061176]Proposal 1: Set both parameters, Δω and A, independent of SCS by keeping Δω as currently defined in the WF [1], but A = 10 µs (or another constant value) without scaling. 
With our proposed assumption, same physical deployment could be applied to both SCS = 15 kHz and SCS = 30 kHz scenarios.
Regarding the scenarios, in the current proposal shown in Table 1, two types of scenarios, as that in LTE, have been proposed:
· Scenario X: the stationary UE is experiencing static channel while the moving UE is experiencing fading channel, which corresponds to scenario 1 in LTE UL timing adjustment performance requirements.
· Scenario Y and Z: both the stationary UE and the moving UE are experiencing static channels.
It is unclear why a lower speed was defined for fading conditions while the other HST scenarios are defined for 350 km/h in LTE Rel-8 [3]. As in Rel-16, scenarios for UE travelling at higher speed is FFS, fading conditions for UL timing requirements at higher speed may also be necessary.
Proposal 2: Additional UL timing adjustment requirement with fading conditions should only be considered after decisions on PUSCH demodulation requirements under multi-path fading channel with higher Doppler shift has been made.
2.2 Reference signal
Same as in LTE, in NR, timing-advance values for each terminal may be determined by the network based on the corresponding uplink transmissions. This implies that signals such as, SRS, DM-RS, CQI, PT-RS or the uplink data transmissions themselves could be used for TA estimations. Thus, we prefer not to limit the estimations based on SRS.
Furthermore, slot-based transmission has been defined for other FR1 PUSCH requirements, for simplicity reasons in test setup, slot based PUSCH transmission is preferable also for testing UL timing adjustment.
Proposal 3: Setting timing advance requirements based on DM-RS signals in PUSCH as the other NR HST PUSCH requirements.
Proposal 4: Allowing at least (1+1) DM-RS symbols to ensure feasible performance requirements.
Proposal 5: As in LTE, the transmission of SRS from the test equipment/UE should be set to optional for NR.
Proposal 6: Slot based PUSCH transmission is preferable also for UL timing adjustment to align to other PUSCH requirements. Thus, in case where SRS transmission is used:
· in TDD mode, transmit SRS in the last symbol in the special slot.
· in FDD mode, transmit SRS in subframe #1 in radio frames.

3. Conclusion
In this contribution, we presented our views on the performance requirements on UL timing adjustment. Our proposals are summarized below:
Observation 1: It is difficult to relate the model for timing advance evolution to the real world.
Observation 2: If A is scaled by (2µ)-1, it has an implication that the physical deployment is scaled according to SCS. 
Observation 3: If A is scaled by (2µ)-1 values proposed in the WF [1], should be scaled by 2µ according to the derivation of . This implies that the rate of angular change and rate of change of timing of the UE scales with the SCS.
Observation 4: Having the rate of change of timing supported by BS being dependent on SCS would most likely not occur in practice for frequency bands within FR1.
Proposal 1: Set both parameters, Δω and A, independent of SCS by Keeping Δω as currently defined in the WF [1], but A = 10 µs (or another constant value) without scaling.
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal

	A
	10 µs  

	Δω
	0.04 s-1
	0.13 s-1
	0.18 s-1



Proposal 2: Additional UL timing adjustment requirement with fading conditions should only be considered after decisions on PUSCH demodulation requirements under multi-path fading channel with higher Doppler shift has been made.
Proposal 3: Setting timing advance requirements based on DM-RS signals in PUSCH as the other NR HST PUSCH requirements.
Proposal 4: Allowing at least (1+1) DM-RS symbols to ensure feasible performance requirements.
Proposal 5: As in LTE, the transmission of SRS from the test equipment/UE should be set to optional for NR.
Proposal 6: Slot based PUSCH transmission is preferable also for UL timing adjustment to align to other PUSCH requirements. Thus, in case where SRS transmission is used:
· in TDD mode, transmit SRS in the last symbol in the special slot.
· in FDD mode, transmit SRS in subframe #1 in radio frames.

4. References
[bookmark: _Ref20397638][bookmark: _Ref20455045][bookmark: _Ref3979449][bookmark: _Ref6402216][bookmark: _Ref6397073][bookmark: _Ref11763870][bookmark: _Ref20457739]R4-1910126, Way forward on NR HST BS demodulation requirements, Huawei, HiSilicon, Slovenia, 26-30 August 2019.
[bookmark: _Ref21077410][bookmark: _Ref21061455]TS 36.104, V15.2.0.
[bookmark: _Ref21077448]R4-080223, Performance requirements on UL Timing Adjustment, Sorrento, Italy, 11-15 February 2008.
[bookmark: _Ref20455955]

3GPP
