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1.
Introduction

The Test Tolerance analysis for UE Tx timing test cases 7.1.1+7.1.2 currently provided in TR 36.903 [1] only accounts for the uncertainty of the Test equipment when determining how much to widen the test limits. However, when the similar W-CDMA test case 8.5.1 in TS 34.121-1 [2] was defined, it was found necessary to include two additional effects from the UE core requirements which are applicable to the test case:    
· Allowed UE frequency error
· UE time adjustment quantisation
This discussion paper is provided to seek RAN5’s view on whether we should include the Allowed UE frequency error effect and the UE time adjustment quantisation effect in the Test Tolerance analysis for LTE UE Tx timing test cases 7.1.1+7.1.2.    

2.
UE Core requirements and Test limits
In the Annexes, the relevant Core requirement extracts are provided for both W-CDMA (25.xx specs) and LTE (36.xx specs).
Over the 200ms or 1s interval which the test equipment uses to evaluate the UE’s adjustment rate, the allowed UE frequency error has the effect of advancing or retarding the UE timing by an amount which scales with frequency error and time interval. This effect can be significant compared to the test limit, and was accounted for in the W-CDMA analysis from TS 34.121-1 [2] shown in Annex E.
Depending on the synchronisation between the test equipment measurement period of 200ms / 1s and the UE timing change, the test equipment could miss one UE timing change or could include one extra UE timing change. The largest size of this effect is the UE’s maximum magnitude of timing change in one adjustment. It can be significant compared to the test limit, and was accounted for in the W-CDMA analysis from TS 34.121-1 [2] shown in Annex E. 

The view taken for W-CDMA was that it is not possible to test the UE Transmit Timing Accuracy in isolation from these core requirements, and they were therefore taken into account when setting the Test Tolerances and the Test Requirements in TS 34.121-1 [2].
3. Way forward
RAN5 needs to make a decision on whether to include the Allowed UE frequency error effect and the UE time adjustment quantisation effect in the Test Tolerance analysis for LTE UE Tx timing test cases 7.1.1+7.1.2. The information provided here is intended to help make the decision.
To illustrate the effect on Test limits for LTE UE Tx timing test cases, a draft Test Tolerance analysis document and draft 36.521-3 CR are provided with this discussion paper.
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Annex A: Extract from TS 25.101 [3] clause 6.3
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one timeslot compared to the carrier frequency received from the Node B.
…
The UE shall use the same frequency source for both RF frequency generation and the chip clock.
Annex B: Extract from TS 36.101 [4] clause 6.5.1
The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B 
Annex C: Extract from TS 25.133 [5] clause 7.1.2

The UE shall be capable of changing the transmission timing according to the received downlink DPCCH/DPDCH or F-DPCH frame. When the transmission timing error between the UE and the reference cell exceeds (1.5 chips the UE is required to adjust its timing to within (1.5 chips.

All adjustments made to the UE timing shall follow these rules:

1)
The maximum amount of the timing change in one adjustment shall be ¼ Chip.
2)
The minimum adjustment rate shall be 233ns per second. 

3)
The maximum adjustment rate shall be ¼ chip per 200ms. 

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.
Annex D: Extract from TS 36.133 [6] clause 7.1.2
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission. The reference point for the UE initial transmit timing control requirement shall be the downlink timing minus 
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. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA_Ref for PRACH is defined as 0. 
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 (in Ts units) for other channels is the difference between UE transmission timing and the Downlink timing immediately after when the last timing advance in section 7.3 was applied. NTA_Ref for other channels is not changed until next timing advance is received.
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211


When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame except when the timing advance in section 7.3 is applied. When the transmission timing error between the UE and the reference timing exceeds (Te  the UE is required to adjust its timing to within (Te. The reference timing shall be 
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 before the downlink timing. All adjustments made to the UE uplink timing shall follow these rules:

1)
The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)
The minimum aggregate adjustment rate shall be 7*TS per second. 

3)
The maximum aggregate adjustment rate shall be Tq per 200ms. 

where the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2. 

Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	16*TS

	3
	8*TS

	5
	4*TS

	(10
	2*TS

	Note: TS is the basic timing unit defined in TS 36.211


Annex E: Extract from TS 34.121-1 [2] Test case 8.5.1
8.5.1.2
Minimum requirements

The UE initial transmission timing error shall be less than or equal to (1.5 chips. This requirement applies at the first transmission on the DPCCH/DPDCH. The reference point for the UE initial transmit timing control requirement shall be the time when the first detected path (in time) of the corresponding downlink DPCCH/DPDCH or F-DPCH frame is received from the reference cell plus T0 chips. T0 is defined in TS25.211 [19].
When the UE is not in soft handover, the reference cell shall be the one the UE has in the active set. In case the UE is initially allocated in soft handover, the reference cell shall be the same cell as used for calculating the initial CFN as defined in 25.331 [8].

The cell, which is selected as a reference cell, shall remain as a reference cell even if other cells are added to the active set. In case that the reference cell is removed from the active set the UE shall start adjusting its transmit timing no later than the time when the whole active set update message is available at the UE taking the RRC procedure delay into account.
When the UE has performed a timing-maintained intra- or inter-frequency hard handover and higher layers has indicated that the UE shall not perform any synchronisation procedure for timing maintained intra- or inter-frequency hard handover, or when the UE attempts to re establish all dedicated physical channel(s) after an inter-RAT, intra- or inter-frequency hard-handover failure [18], it shall resume UL transmission with the same transmit timing as used immediately before the handover attempt. After resuming transmission, transmit timing adjustment requirements defined in the remainder of this clause apply.

The UE shall be capable of changing the transmission timing according to the received downlink DPCCH/DPDCH or F-DPCH frame. When the transmission timing error between the UE and the reference cell exceeds (1.5 chips the UE is required to adjust its timing to within (1.5 chips.
All adjustments made to the UE timing shall follow these rules:

1)
The maximum amount of the timing change in one adjustment shall be ¼ chip.

2)
The minimum adjustment rate shall be 233ns per second. 

3)
The maximum adjustment rate shall be ¼ chip per 200 ms.

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.
The normative reference for this requirement is TS 25.133 [2] clause 7.1.2.

Note 1:
The requirement to test that the start of adjustment occurs no later than the RRC procedure delay after the cell update message is not to be tested.

Note 2:
The understanding of the period 800*d is that this is the period between any two timing adjustments. Since d is not defined it is only possible to test against this requirement using the maximum value of d = ¼. This defines a minimum period of 200ms over which the maximum adjustment rate of ¼ chip per 200ms can fairly be evaluated.

Note 3:
Due to the fact that the UE can update its timing at any interval, including just less than 200ms, when evaluating the maximum adjustment rate in any 200ms period an additional ¼ chip quantization uncertainty must be allowed for since there exists the possibility of two timing adjustments during the evaluation period.

Note 4:
The minimum adjustment rate of 233ns/s is only to be evaluated from the end of the RRC procedure delay until the UE has converged on the new reference cell.

Note 5:
In addition to the minimum requirements above, an additional allowance is made to the maximum and minimum adjustment rates of 0.384 chips / s and -0.384 chips/s respectively for the possibility of up to a 0.1 PPM frequency error between the UE and the test system.
8.5.1.3
Test purpose

The purpose of this test is to:

1)
Verify that the UE initial transmit timing accuracy is within the limits specified in 8.5.1.5.

2)
Verify that the UE transmit timing accuracy remains within the limits specified in 8.5.1.5 when the timing of a cell in the active set not used as the reference cell changes its timing.

3)
After receipt of the ACTIVESET UPDATE message, verify that the maximum amount of timing change in one adjustment, and the minimum and maximum adjustment rate are within the limits specified in 8.5.1.5.

4)
Verify that after convergence on the new reference cell the UE is within the limits specified in 8.5.1.5.

8.5.1.4
Method of test

8.5.1.4.1
Initial conditions

Test environment: normal; see clauses G.2.1 and G.2.2.

Frequencies to be tested: mid range; see clause G.2.4.

For this test, two cells on the same frequency are used.

The reporting of event 1A and event 1B is configured with SIB 11.

1)
Connect the test system to the UE antenna connector as shown in figure A.14.

Table 8.5.1.1: Test parameters for UE Transmit Timing requirements

	Parameter
	Unit
	Level

	DPCH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-13.5

	CPICH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-10

	PCCPH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-12

	SCH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-12

	PICH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-15

	OCNS_Ec/ Ior, Cell 1 and Cell 2
	dB
	-1. 2

	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


8.5.1.4.2
Procedure

1.
A call is set up with Cell 1 according to the Generic call setup procedure specified in TS 34.108 [3] subclause 7.3.4 without Compressed mode. The test parameters are set up according to table 8.5.1.2.

2.
After a connection is set up with cell 1, the test system shall measure the UE transmit timing offset with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 1.
3.
Cell 2 is introduced into the test system at a delay of +2 (s (7.68 chips) from cell 1. The UE shall transmit a Measurement report message triggered by event 1A. The test system transmits an ACTIVESET UPDATE message (Radio link addition information).

4.
The test system transmits a Measurement Control message. The test system verifies that cell 2 is added to the active set.

5.
The test system shall measure the UE transmit timing error with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 1.
6.
The test system switches the Tx timing of cell 2 to a delay of -2 (s with respect to cell 1. During this step the UE may loose the knowledge of the timing of cell 2. It is assumed that the UE regains knowledge of cell 2 timing prior to step 11.

7.
After 2 seconds the test system verifies that cell 2 remains in the active set. The SS then sends a Measurement Control message (measurement release for measurement ID 2).

8.
The test system shall measure the UE transmit timing error with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 1.
9.
The test system switches off cell 1.

10.
Void

11.
The UE shall transmit a Measurement report message triggered by event 1B, and the test system shall transmit an ACTIVESET UPDATE message (Radio link removal information).  The test system samples the UE Transmit Timing once per frame,  beginning immediately after the last TTI, containing the ACTIVESET UPDATE, The samples are named TrTm(t) Transmit Timing (discrete time) starting at t=0. This instant shall be designated t=RRC_start. The instant  taken 60 ms later (the maximum allowed RRC procedure delay) shall be designated t=RRC_end. The sampling of timing shall continue until t > RRC_end + 1800. (The furthest the UE has to adjust is 8.68 chips @ (¼/0.28 - 0.384) chips / s = 17.1 seconds.)
12.
After step 11 has completed, the test system shall,  after a delay of 2 seconds, measure the UE transmit timing offset with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of the new reference cell.

13.
The test system turns on cell 1 again with the same timing as used in step 1 of the procedure. The UE shall transmit a Measurement report message triggered by event 1A. The test system shall transmit an ACTIVESET UPDATE message (Radio link addition information).

14.
The test system transmits a Measurement Control message. The test system verifies that cell 1 is added to the active set. SS then sends a Measurement Control message (measurement release for measurement ID 2).

15.
Test system measures the UE transmit timing with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 2.

16.
Test system switches off cell 2 and starts sampling the UE Transmit Timing error relative to cell 2 at a rate of once per frame. starting at t=0.

17.
Void.

18.
Step 11 is repeated.

19.
Step 12 is repeated.

<< sections skipped >>
8.5.1.5
Test requirements

Table 8.5.1.2: Test parameters for UE Transmit Timing requirements

	Parameter
	Unit
	Level

	DPCH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-13.4

	CPICH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-9.9

	PCCPH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-12

	SCH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-12

	PICH_Ec/ Ior, Cell 1 and Cell 2
	dB
	-15

	OCNS_Ec/ Ior, Cell 1 and Cell 2
	dB
	-1.21

	Îor, Cell 1
	dBm/3.84 MHz
	-95

	Îor,  Cell 2
	dBm/3.84 MHz
	-97.7

	Information data rate
	kbps
	12.2

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

	Propagation condition
	AWGN


The following measurement uncertainties have been taken into account in the test requirements below:

The accuracy of transmit timing measurements relative to the reference cell = ± 0.5 chips

The accuracy of the difference between two transmit timing measurements = ± 0.25 chips1)
In steps 2, 5 and 8, the UE transmit timing offset shall be within T0 (2.0 chips with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 1.

2)
In step 11, .check for all adjacent samples that the maximum adjustment step of ¼ chip adjusted for measurement uncertainty is met:

From t=1 until the end of the measurement record, |TrTm (t) – TrTm (t-1)| shall be ≤ (¼ + 0.25) chips.

Check for the short term maximum allowed adjustment rate of ¼ chip in 200 ms adjusted for quantization uncertainty, frequency drift and measurement uncertainty, using a sliding window of step size 10ms:

From t=20 until the end of the measurement record, |TrTm (t) – TrTm (t-20)| shall be ≤ (¼ + ¼ + 0.384/5 + 0.25) chips.

Check for the long term maximum allowed adjustment rate of ¼ chip in 200 ms adjusted for frequency drift, quantization uncertainty and measurement uncertainty:

From t=RRC_end+21 until the end of the measurement record, |TrTm (t) – TrTm (RRC_end)| shall be 
≤ ((t-RRC_end)/20*(¼ + 0.384/5) + ¼ + 0.25) chips.
                                                             
Check for convergence then for the long term minimum allowed adjustment rate of 233 ns/s (¼ chip in 280 ms) adjusted for frequency drift, quantization uncertainty and measurement uncertainty:

For |TrTm (t)| < 5.68 chips, the UE is regarded as still adjusting.
For |TrTm (t)| ≥ 5.68 chips, the UE is regarded as converged.

For the last transition from adjusting to converged:
|TrTm (t) – TrTm (RRC_end)| shall be ≥ ((t-RRC_end)/28*(¼ - 0.384*0.28) - ¼ - 0.25) chips.

Check that final timing is within ±1.5 chips ±0.5 chip measurement uncertainty of the timing of the new reference cell

For t=1750 to t=1800, 5.68 < |TrTm (t)| < 9.68
3)
In step 12. and 15, the UE transmit timing error shall be within T0 (2.0 chips with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 2.

4)
In step 18, .Repeat test requirement step 2 for the  second set of TrTm (t) data.

5)
In step 19., UE transmit timing offset shall be within T0 (2.0 chips with respect to the first detected path (in time) of the downlink DPCCH/DPDCH of cell 1.

NOTE 1:
The above Test Requirement differs from the Test Requirement of TS 25.133 [2] clause A7.1.2, from which the requirements for the test system are subtracted to give the above Test Requirement.

NOTE 2:
If the above Test Requirement differs from the Minimum Requirement then the Test Tolerance applied for this test is non-zero. The Test Tolerance for this test is defined in clause F.2 and the explanation of how the Minimum Requirement has been relaxed by the Test Tolerance is given in clause F.4.


[image: image4.wmf] 

Cell 1

 

timing

 

t=RRC_end

 

(end of RRC 

procedure delay)

 

±1.5

 

chips

 

Earliest converge

 

+ 2μs = 

 

7.8 chips

 

±1.5

 

chips

 

Ό + 0.384/5

 

chips / 200 ms

 

Cell 2

 

timing

 

Latest converge

 

t=RRC_start 

 

(end of ACTIVESET 

UPDATE message 

-

  

UE 

must stay within ±1.5 

chips of cell 1 prior to 

this point) 

 

Ό/0.2 + 0.384

 

chips / s

 

Ό 

-

 0.384

*

0.28 chips per 280 

ms only used to determine if 

convergence on cell 2 is at 

or above the minimum rate

 

Allowed range

 

-

¼ 

-

 0.384/5

 

chips / 200 ms

 

Figure 8.5.1.5 Illustration of measurement principle (excluding measurement uncertainty)
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