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Introduction

CR R5-051121 contains some  choices and numbers which are justified in the following section.
8.5.1
UE Transmit Timing

1. Measurement methods
1.1  TX TX timing:

The SS compares the UE’s TX timing at one instant with the UE’s TX timing at another instant.
Slot based TX TX timing: The SS compares the UE’s TX timing at one instant with the UE’s TX timing at another instant, where the instants are consecutive slots. The test tolerance for this measurement method is 1/8 chip.
Frame based TX TX timing: The SS compares the UE’s TX timing at one instant with the UE’s TX timing at another instant, where the timing at one instant is the result of linear averaging of the timing of all slots in the recent frame. Note that this averaging method generates lag with respect to the real timing. The test tolerance for this measurement method is 1/32 chip.
1.2   RX TX timing

The SS’s TX timing = UE’s RX timing. The UE derives its TX timing from its RX timing. What the SS receives is compared in timing with the SS’s TX timing. The test tolerance for this is 1/2 chip. In contrast to TX-TX timing, RX-TX-timing is taken not at different but at the same time.

2 Reference sample at t=0

The Transmit timing of the first sample, recorded,  is the reference for the following ones.
TrTm(t=0)=0 by definition. 

Let us discuss two extreme cases:

t=0 happens

a) Immediately before a ¼ Chip correction adjustment

b) Immediately after a ¼ Chip correction adjustment

The average timing on the old cell is not defined in our test and hence not introduced as reference for the following samples.  We beliefe any such definition is vulnerable. Hence the reference for all following samples may be biased by 0 to ± 1/8 chip.
The measurement method is Frame based TX timing 
3 Discriminator CA between “Correction adjustment on the old cell” and “Adjustment towards target cell”
In procedure step 11 we gave a discriminator-definition between “Correction adjustment on the old cell” and “Adjustment towards target cell” = ¼ Chip. “Correction adjustment on the old cell” may happen with the max allowable adjustment step ¼ chip. Hence ¼ chip is the most natural limit to discriminate between “Correction adjustment on the old cell” and “Adjustment towards target cell”.

The measurement method is Frame based TX TX timing 
This is the starting instant for the averaging time in clause 4) Average Adjustment Rate
CA ≥ StTA (clause 6)

The test contains 5 minimum requirements (clause 4 to 8):

4 Average Adjustment Rate:

 “Average” over which time duration?

Start of the time duration: Start of UE’s timing adjustment is CA latest, as defined in procedure step 11.
This is ≥  ¼ chip above the reference timing TrTm(t=0) (above,  in case of positive adjustment)
End of the time duration in case of Max Adjustment Rate:

The UE may select the fastest adjustment rate (1/4 chip/200ms + max frequency error which corresponds 0.384 chip/s=1.634 chip/s). The UE may stop adjustment at the earliest possible instant. This is the instant the UE reaches the Timing of the Target Cell TTC. The nominal timing of the target cell is 2us (7.68chip)apart from cell 1. However the allowed window is already reached by the UE at   7.68 - 1.5 chip = 6.18chip.
Taking into account ¼ chip from above: 

5.93 chip   /   1.634 chip/s     =   3.61 s.    This is the averaging time for max adjustment rate.
In case of positive adjustment direction the adjustment during 3.61s shall remain below the target window
 TrTm(CA+3.61s) – TrTm(CA) ≤ 6.18 chip

End of the time duration in case of  Min Adjustment Rate:

The UE may select the slowest adjustment rate (233ns/s - |max frequency error|). The UE may stop adjustment at the earliest possible instant. This is the instant the UE reaches the timing window of the Target Cell TTC. In case of Min Adjustment Rate this is 11.6 s. This is the averaging time for min adjustment rate.
In case of positive adjustment direction the adjustment during 11.6s shall reach the target window
 TrTm(CA+11.6s) – TrTm(CA) ≥ 6.18chip
Shorter averaging time is possible but compromizes measurement accuracy.

Longer averaging time introduces a measurement error, when the UE stops adjustment  at the earliest possible instant. 
The measurement method is Frame based TX TX timing 
5) Maximum amount of timing change:

The SS compares the UE’s TX timing at the present sample with the UE’s TX timing at the previous sample.
The measurement method is Slot based TX TX timing 
It depends on the measurement method, whether a violation of this requirement is detected or not. This is shown in the illustration below:


[image: image1]
1 to 4: Slot measurement in frame distance: violation detected.

2 to 5: Slot measurement in frame distance: violation  not detected. 
3 to 4: Slot measurement in slot distance: violation detected. (Slot based TX TX measurement)
Frame average to frame average: violation  not detected. (Frame based TX TX measurement)
Should the UE adjust its timing in subslots, then even the slot to slot measurement may overlook a violation.

This is the reason that the measurement method must be defined precisely.

6) Adjustment Start (StTA):

Within certain limits the UE may shape its adjustment rate arbitrarily. The exact instant, when the UE starts its adjustment may be invisible, as it my happen creepingly. In procedure step 11 we gave a discriminator-definition between “Correction adjustment on the old cell” and “Adjustment towards target cell”CA. In addition we gave a definition for the instant, when the UE reaches the Timing of the Target Cell TTC, where TTC is measured Frame based TX TX, same as CA. With this two measurement co-ordinates and using “rule of three”, we defined the Adjustment Start by back-tracing. The adjustment start is compared against the end of the message.
StTA=CA-(TTC-CA)* ¼ chip/5.93chip – 5ms
Where 5.93chip/(TTC-CA) is the average slope of the adjustment. Its inverse is multiplied with ¼ chip  to find StTA in advance to CA. “-5ms” is applied because the frame based measurement generates 1/2 frame delay.  
During procedure step 6, the UE may loose the knowledge of  the timing of cell 2 for a short moment. It is assumed that it re-gained this knowledge prior to step 11. 

7) The following requirement:

…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……

is not testable. 

The reason is as follows: The SS samples the UE’s timing at discrete instants, and the UE selects its adjustment steps at instants, which are not co-ordinated to the SS sample instants. The requirement, however is defined “continuously”

8) UE transmission Timing.

The measurement method is RX-TX timing:

In procedure step 12 the UE transmission timing is measured after an adjustment process. This adjustment process must be finalised. It is finalised latest 18s after StTA. 18s will happen if the UE adjusts with the minimum adjustment rate and stops adjustment at the latest possible instant. 
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