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1 Introduction

At the TSG-RAN WG4 meeting #9 in Bath, transmit timing control at the UE was discussed in Tdoc R4-99859, Tdoc R4-99882, and Tdoc R4-99962. Requirements for the initial UE Tx timing accuracy, the maximum UE Tx timing adjustment amount per adjustment step, and the maximum UE Tx timing adjustment rate were approved for inclusion in TS25.133. The requirement for the maximum UE Tx timing adjustment rate seems to be incomplete: An important test parameter is missing (relative delay) and it is not clear why this requirement is a limit for the maximum UE Tx timing adjustment rate and not the minimum UE Tx timing adjustment rate.

2 Requirement consideration

2.1 Relative delay of received signals

The requirement for the maximum UE Tx timing adjustment rate in TS25.133v3.2.0, subclause 7.3.1.1, and the corresponding test in TS34.121v3.0.1, subclause 8.6.2.1.2, are intended to check that the UE does not change its Tx timing with a rate faster than 0.25 chip per 280ms. To test this, two cells are used one of which is used to initially connect with the UE (cell 1). The other one starts transmission 5 seconds after the call is initiated (cell 2). It is required that the UE does not change Tx timing at the point when celle 2 starts transmission. After additional 5 seconds, cell 1 stops transmission and the UE shall adjust its Tx timing with a maximum rate of +/- 0.25 chips per 280 ms and a maximum adjustment amount of +/- 0.25 chips per adjustment. 
The Parameters for this test are not complete: The delay difference between paths received from cell 1 and cell 2 is not defined. The original proposal in Tdoc R4-99882 indicated a relative delay of 5(s for cell 2 with respect to cell 1. This delay difference was not included in the corresponding text proposal, and thus, is missing in the test parameter list. Therefore, this parameter needs to be added. However, the configuration of the test is just checking for a change of the “first significant path” (which is the reference according to TS25.133v3.2.0, subclause 7.3.1.1) towards larger delays. The test should also check for a change of the “first significant path” towards lower delays. This could be accomplished by switching cell 1 on again some time after it was switched off. Additionally it would make sense to check whether the UE stops to adjust the Tx timing once it compensated for the changed Rx timing. In order to check this with the same test, it would be necessary to reduce the amount of the relative delay between cell 1 and cell 2 to prevent very long test procedures. It is therefore proposed to reduce this delay difference to 2(s. Also, a difference of the power levels of the signals from cell 1 and cell 2 larger than 1dB is proposed, since this might not be sufficient to identify cell 1 as the stronger cell. A value of 3dB is suggested.

2.2 Maximum versus minimum timing adjustment rate

The requirement for the maximum UE Tx timing adjustment rate was derived under the assumption of a certain maximum UE speed (initially 350km/h, later on 250 km/h), see Tdoc R4-99882, and Tdoc R4-99962. In Section 2.2 of R4-99882, two cases for a need to change the UE tx timing were given:

Case A. The received timing changes due to the UE movement or due to the frequency difference between BS and UE and the UE manage to keep the time difference between the received timing and the transmit timing.

Case B. The received path is attenuated or vanishes due to changes in the channel condition and the UE  needs to synchronize transmit timing to another received path
For Case A, the maximum timing change rate depends on the cause of the timing change. 
1. Timing change due to the frequency difference between the transmit clock and the received clock: Assuming that the frequency difference is 0.15ppm, the timing change is 1/4chip per 430 msec.

2. Timing change due to the UE movement: Assuming that the maximum UE speed is 350 km/hour, the timing change is 1/4 chip per 200 msec
Furthermore, in R4-99882 it was mentioned, that “the rate of the timing adjustment does not need to be faster than the maximum timing change rate between the received clock and the transmission clock”.  This seems not to be the case: If an UE shall be able to support Tx timing adjustments at a speed of 250km/h it needs to be capable of adjusting the Tx timing with a rate of at least 233ns per second (equivalent to 0.25chips per 280ms). For example if the maximum Tx timing adjustment rate of an UE would be 0.05chips per 280ms it would be compliant with the current requirements. However, it could only track timing changes caused by movement with speeds not greater than 50km/h. In an extreme case, an UE which did not change the Tx timing at all would still meet the requirements. Therefore the discussed requirement for the UE Tx timing adjustment rate is a minimum limit. In addition to this minimum limit it would make sense to define also a maximum limit in order to enable the BS to track the Rx timing within reasonable limits, e.g. 0.25 chips per 200ms. 

3 Conclusion 

As discussed above the UE shall comply with the following requirements: 

a) When the UE transmit timing offset is not within 1024 +/- 1.5 chips with respect to this first significant received path of the corresponding DL DPCCH/DPDCH, the UE transmit timing shall be adjusted.
b) The UE transmit timing shall change with a rate of at least 233ns per second.
c) The UE transmit timing shall not change with a rate in excess of +/-0.25 chips per 200ms.
d) The maximum adjustment amount shall be 0.25 per step.
e) Requirements a) b) and c) shall be tested for positive and negative changes of the UE Tx timing.
4 Testing considerations

Test procedure proposal: 

a) Connection set-up using one cell (cell 1) as specified in TS 25.101 annex C.

b) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

c) Test system introduces cell 2 into the test system at delay +2 (s from cell 1.

d) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

e) Test system stops sending cell 1 signal.

f) Test system verifies that UE transmit timing adjustment starts with an adjustment step size and an adjustment rate according to the requirements until the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

g) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

h) Test system starts sending cell 1 signal again with its original timing.

i) Test system verifies that UE transmit timing adjustment starts with an adjustment step size and an adjustment rate according to the requirements until the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

j) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the corresponding DL DPCCH/DPDCH.

5 References

[1] TS25.133v3.1.0 Requirements for support of radio resource management (FDD).
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7.3
UE Transmit Timing

7.3.1
Initial transmission timing, Maximum timing adjustment size,  Minimum and Maximum timing adjustment rate

The UE shall have capability to follow the frame timing change of the connected Node B. UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are defined in the following requirements.

7.3.1.1
Minimum requirement

For parameters specified in Table 7-2, UE initial transmission timing error shall be less than or equal to (1.5 Chip. The reference point for the UE initial transmit timing control requirement shall be the time when the first significant path of the corresponding downlink DPCCH/DPDCH frame is received plus 1024 chips.
The UE shall be capable of changing the transmission timing according the received downlink DPCCH/DPDCH frame. The maximum amount of the timing change in one adjustment shall be 1/4 Chip.
The minimum adjustment rate shall be 233ns per second. The maximum adjustment rate shall be 1/4 chip per 200ms. In particular, within any given 200 ms period, the UE transmit timing shall not change in excess of +-1/4 chip from the timing at the beginning of this 200ms period.
Table 7-2: Test parameters for Transmission timing requirement

Parameter
Unit
 value

DPCH_Ec/ Ior
dB
-17

Îor, Cell 1
dBm/3.84 MHz
-96

Îor,  Cell 2
dBm/3.84 MHz
-99

Information data rate
Kbps
12.2





Relative delay of path received from cell 2 with respect to cell 1
(s
+2

Propagation condition
AWGN



7.3.1.2 Example for the structure of the test procedure
The relevant soft handover parameters shall be set such that the UE enters soft handover with cell 1 and 
cell 2 when both cells are sending a signal.
a) After a connection is set up with cell 1, the test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH of cell 1.

b) Test system introduces cell 2 into the test system at delay +2 (s from cell 1.
c) Test system verifies that cell 2 is added to the active set.
d) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH of cell 1.

e) Test system stops sending cell 1 signal.

f) Test system verifies that UE transmit timing adjustment starts with an adjustment step size and an adjustment rate according to the requirements until the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH cell 2.

g) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH of cell 2.

h) Test system starts sending cell 1 signal again with its original timing.
i) Test system verifies that cell 1 is added to the active set.
j) Test system verifies that UE transmit timing adjustment starts with an adjustment step size and an adjustment rate according to the requirements until the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH of cell 1.

k) Test system shall verify that the UE transmit timing offset is within 1024 +/- 1.5 chips with respect to the first significant received path of the downlink DPCCH/DPDCH of cell 1.
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