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1. Introduction

At the last meeting of RAN WG4 #38 in Denver the UE TX timing requirements were clarified in Tdoc R4-060200. This clarification defined the conditions under which the timing adjustments should be made, i.e. when the transmit timing error exceeded ±1.5 chips.
A further document at the last meeting R4-060209 asked two further questions related to test development however no conclusion was reached and subsequent discussions in the parallel Ran WG5 meeting did not conclude on a test definition.

Since RAN WG4 and RAN WG5 are again meeting in parallel this week it is not possible to have a formal LS so this company contribution will attempt to gain further clarification of the requirements so that hopefully during this week Ran WG5 will conclude on the test definition.

2. UE convergence behaviour
In order to gain a common understanding of the wording in 25.133 7.1.2 the following figure attempts to show the desired acceptable behaviour of a UE moving from one timing reference to another either advanced or retarded. The subsequent figures show alternative convergence trajectories that test the sufficiency of the core requirement.
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3. Analysis of the figures
Figure 2 shows the UE moving in an unexpected direction but within the mandate limits. This is undesirable behaviour which can be eliminated by either mandating a direction of change or by mandating convergence within a long-term rate. Proposal – Make convergence an explicit the objective of the core requirement.
Figure 3 shows a UE that does not start adjusting its timing immediately but reaches the expected target in time. This would not appear to be a problem for network performance and appears to be allowed by the core requirement, but the test case in A.7.1.2 step i) states:
Test system verifies that UE transmit timing adjustment starts no later than the time when the whole active set update message is available at the UE taking the RRC procedure delay into account.
If the test case is correct then this requires that the lowest rate of convergence of 233 ns/s must be met over a period shorter than the overall time taken to converge. The minimum shorter period to apply would have to be 200ms (due to the 800*d requirement) but periods longer than 200ms could also be considered. Proposal – Make the slowest convergence rate apply over a period of 200 ms in the direction that reduces the error.
Figure 4 shows the more extreme case of a UE moving in the wrong direction but still meeting the long-term convergence expectations. This behaviour appears to be allowed by the core requirement. To remove this option requires that the direction of change, over some period of time (probably 200ms) must always be in the direction to reduce the timing error to the reference cell. Proposal – Same as for figure 3.
Figure 5 is an interesting one where the UE stays within the long-term convergence rates but at times drops below the rate of 233ns/s. This does not seem like it would be a problem for network operation. However, it would be difficult to write a requirement that allowed this behaviour and ruled out the extreme case of it in Figure 3. Proposal – Same as for figure 3.
4. Examining the 800*d requirement

It is stated that:

In particular, within any given 800*d ms period, the UE transmit timing shall not change in excess of (d chip from the timing at the beginning of this 800*d ms period, where 0≤d≤1/4.
This is shown below for the case d = ¼ and a UE updating at 200ms intervals by ¼ chip. It can be seen that for any 200ms observation period the requirement is met.
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However, there is no explicit relationship between the observation period 800*d and the period used by the UE to adjust its timing. Neither is the observation period synchronized with any adjustment. As such, when d < ¼ it can clearly be seen that for any observation window < 200ms, there will be times when this will contain ¼ chip steps that violate the requirement. It would therefore seem essential to link the value of d to the period between UE updates. There would seem no reason to mandate that d is constant for any UE so adjustments could occur at varying periods. Proposal – Link the value of d to be the period of the UE adjustments and note that since d is not declared this requirement can only be verified when d = ¼.
With this clarification it can be seen that the initial statement:

The maximum amount of the timing change in one adjustment shall be ¼ Chip.

is only true for the case where the period between adjustments is 200ms or longer. For shorter periods, the allowed step is smaller. Proposal – Qualify this statement such that it applies for periods between updates of at least 200ms.
Finally, it is noted that the statement:

3)
The maximum adjustment rate shall be ¼ chip per 200ms. 
provides no new useful information. It is at best redundant due to the 800*d requirement and at worst confusing due to the lack of an observation period. Proposal – Delete this statement.
5. Conclusion

A CR to 25.133 implementing the above proposals is found in R5-060581. It is very important to clarify the requirements since otherwise the test case being drafted in 34.121 may unnecessarily fail the UE.
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Figure 1. The green area shows the trajectory limits of a UE starting with no timing error on cell 1 converging on cell 2 at a long-term rate of convergence between an upper limit of 1/4 chip per 200ms (325.5 ns/s) and a lower limit of 233 ns/s.








Figure 3. This figure shows a UE delaying the start of its timing change but then reaching the required transmit timing error on the new reference cell within the long-term convergence rate of 233 ns/s. This behaviour appears to be allowed by the current core requirements but violates an expectation of the test case A.7.1.2 step i).
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Figure 2. The core requirements define rates of change but do not appear to mandate rates of convergence, hence a UE moving at within the allowed rates could be increasing its timing error relative to the new reference cell and never converge..
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Figure 4. This figure shows a UE that does immediately start changing its timing according to the expectations of the test case A.7.1.2 step i) but chooses the wrong direction. However the UE still converges within the limits of the long-term rates.
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Figure 5. This figure shows a UE that converges within the long-term rates but during this time there are flat spots where the rate of convergence falls below the long-term rate of 233 ns/s. Since there is no period associated with the slow convergence rate it is unclear if this behaviour is acceptable.
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