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Introduction
During RAN4 #67 and #68 meetings, a discussion took place on UE initial transmit timing accuracy requirements in DRX and corresponding test conditions [1][2]

 REF _Ref364090458 \n \h 
[3][4][5]. Based on discussions over these contributions, this paper further discusses the subject and proposes a way forward.
1. UE transmit timing accuracy requirements for initial transmit in DRX case
In paper [4], UL transmit timing change with Timing Alignment (TA) order was discussed however the intent of paper [5] was to set a proper requirement without TA order case. We agree the argument in [5] that for most of the actual high speed UE cases, their UL transmit timing would be controlled by TA command properly. On the other hand, if UEs are moving slowly, there would be no TA command but the UEs should monitor DL timings and control their UL transmit timing autonomously. Clause 7.1.2 in TS36.133 specifies the requirements in such cases as follows.
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As pointed out in [5], it can be observed there is no upper limit of ‘capture range’ in the current requirement when UEs are seeking the DL timing. It means depends on the UE implementation, its UL transmits timing (in its initial transmission in a DRX cycle for PUCCH, PUSCH and SRS or for the case of PRACH transmission) could vary any arbitrary timing if the UE detects huge timing shift caused by erroneous interference in the DL.
1.1 Proposed modification to requirements for the Initial transmit timing error in DRX case
In [5], we proposed to set maximum upper limit of UL timing shift proportional to the elapsed time from the last DL reception. However during the discussion over several contributions at the last RAN4 meeting, we recognized that considering the minimum size of a normal cyclic prefix (CP) of 4.7us, we would not need to specify the upper limit too precisely but more simpler restriction would still work. Looking at the current test conditions specified in A.7.1, the upper limit of 3.0us would be a good number which covers the current test conditions allowing 64Ts+Te (=2.86us, for CBW of 1.4MHz case) and corresponds to 64% of a normal CP. Accordingly we propose to set upper limit of UL timing shift as below:
Proposal 1:

To introduce a precondition for UE initial transmission error requirement in clause 7.1.2 in TS36.133 [21] as follows;

Since this is an additional requirement to the existing specification, it would be applied to Release 12 and onwards.

2. Test conditions for UE transmit timing accuracy requirements

For the test cases for initial transmit in DRX case or PRACH case, we propose the same changes in [5] again since the timing shift set in the current test condition is excessive considering the maximum possible DL timing shift in actual environment. As discussed above, upper limit of UL timing adjustment could be set at 3us however as can be seen from Fig.1, such a large time shift would not happen in the actual environment and good UE could make more modest and stable timing shift in its UL, which is good for the whole system performance as well. It should also be noted when we set the test conditions, certain testable time difference in DL timing is needed and avoid any overlapped region between two nominal timings with the allowable tolerance of Te. Otherwise a ‘lazy UE’ could pass the test even it does not change its UL timing. Therefore we propose to change the current test conditions as follows:

Proposal 2:
In order to avoid unnecessarily large UE UL transmit timing fluctuation in a DRX cycle just because the UEs to pass the test cases in A.7.1.1 to A.7.2 in [17]

 REF _Ref363950303 \n \h 
[18]
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[19]
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[20]
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[21] and A.7.4 in [20]
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[21], the following modification to the test cases in Rel-8 and onwards are proposed:

· For test parameters of Test 2 defined in Table A.7.1.1.1-1, A.7.1.1.1-3, A.7.1.2.1‑1 and A.7.1.2.1-3; DRX cycle was changed from 80ms to 2048ms and set drxStartOffset as 2047ms.

· For Test Requirements specified in clause A.7.1.1.2 and A.7.1.2.2; DRX cycle length was changed from 80ms to 2048ms and introduced DRX start offset time as 2047ms  with changes of timing shift in step b) from 64Ts to 32Ts. (corresponding absolute time was changed from ‘2µs’ to ‘1µs’ accordingly.)
· For Rel-11 and Rel-12 specifications[20]
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[21], the same changes to be applied for Test 2 parameters for Scell cases in clause A.7.1.3 (FDD Scell) and A.7.1.4 (TDD Scell) as well.
Fig.2: Test point for UE transmit timing accuracy test in DRX (current and proposed)
 with MAAR limit and Maximum Path Timing Variation for UE speed of 350km/h
Conclusion
It is observed that the current UE transit timing requirement in DRX specified in section 7.1.2 in TS36.133 does not specify any precondition or upper limit of UL timing update. This would result in unnecessary UL timing fluctuation especially considering small cell scenarios where UEs to see quite a lot different DL signals. As specified for non-DRX case, propose upper limit of timing adjustment considering the actual propagation condition (i.e. the maximum UE speed of 350km/h) should be set. Corresponding test conditions in section A.7.1.1.1 and A.7.1.2.1 should also be updated since they apply unnecessarily large DL timing variation.

Therefore the following proposals are made to set reasonable upper limit of UL timing update considering the Maximum Aggregate Adjustment Rate set for non DRX cases, and also to update the test conditions for corresponding the test cases so as not to insist UEs to change their initial UL transmit timing unnecessarily large just because to pass the tests in DRX cases.
Proposal 1:
To introduce the following precondition for UE initial transmission error requirement in a DRX cycle (clause 7.1.2 of TS36.133 (Rel-12) [21]. The aim is to ensure UEs to keep their UL transmission timing in a DRX cycle within a proper range considering practical UE speed of up to around 350km/h;

In case the amount of the timing change in the downlink is less than or equal to 3us, 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. If the amount of the timing change in the downlink is more than 3us, the UE initial transmission timing shall not be changed. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
Proposal 2:
In order to avoid unnecessarily large UE UL transmit timing fluctuation in a DRX cycle just because the UEs to pass the test cases in A.7.1.1 to A.7.2 in [17][18]
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[21] and A.7.4 in [20]
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[21], the following modification to the test cases in Rel-8 and onwards are proposed:

· For test parameters of Test 2 defined in Table A.7.1.1.1-1, A.7.1.1.1-3, A.7.1.2.1‑1 and A.7.1.2.1-3; DRX cycle was changed from 80ms to 2048ms and set drxStartOffset as 2047ms.

· For Test Requirements specified in clause A.7.1.1.2 and A.7.1.2.2; DRX cycle length was changed from 80ms to 2048ms and introduced DRX start offset time as 2047ms with changes of timing shift in step b) from 64Ts to 32Ts. (corresponding absolute time was changed from ‘2µs’ to ‘1µs’ accordingly.)
· For Rel-11 and Rel-12 specifications[20]

 REF _Ref363950310 \n \h 
[21], the same changes to be applied for Test 2 parameters for Scell cases in clause A.7.1.3 (FDD Scell) and A.7.1.4 (TDD Scell) as well.
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Appendix 1: Proposed changes to UE transmit timing requirements 
(Section 7.1, TS36.133 [Rel-12 and onwards])

7.1
UE transmit timing

7.1.2
Requirements
The UE initial transmission timing error shall be less than or equal to (Te if the amount of the magnitude of timing change in the downlink is less than or equal to Tq * Telapsed / 200ms,where the timing error limit value Te is specified in Table 7.1.2-1, the maximum autonomous time adjustment step Tq is specified in Table 7.1.2-2 and Telapsed refers.to drxStartOffset [ref. to MAC specification: TS36.321] in a DRX cycle for PUCCH or PUSCH case or elapsed time from the last reception of the downlink for PRCH transmission case respectively. 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 of the reference cell 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 clause 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 of the reference cell except when the timing advance in clause 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 of the reference cell. 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
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	(10
	3.5*TS

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


Appendix 2: Proposed changes to UE transmit timing test cases 
(Section A.7.1.1 as an example, TS36.133 [Rel-8 and beyond])
A.7.1.1
E-UTRAN FDD – UE Transmit Timing Accuracy Tests

A.7.1.1.1
Test Purpose and Environment

The purpose of this test is to verify that the UE is capable of following the frame timing change of the connected eNode B and that the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are within the specified limits. This test will verify the requirements in clause 7.1.2.

For this test a single cell is used. Table A.7.1.1.1-1 defines the strength of the transmitted signals and the propagation condition. The transmit timing is verified by the UE transmitting sounding reference symbols using the configuration defined in Table A.7.1.1.1-2.

Table A.7.1.1.1-1: Test Parameters for UE Transmit Timing Accuracy Tests for E-UTRAN FDD

	Parameter
	Unit
	Value

	
	
	Test 1
	Test 2
	Test 3

	E-UTRA RF Channel Number
	
	1
	1
	1

	Channel Bandwidth (BWchannel)
	MHz
	10
	10
	1.4

	DRX cycle
	ms
	N/A
	2048Note5
	N/A

	drxstartoffset
	ms
	N/A
	2047 Note5
	N/A

	PDCCH/PCFICH/PHICH Reference measurement channelNote1
	
	R.6 FDD
	R.6 FDD
	R.8 FDD

	OCNG PatternNote2
	
	OP.2 FDD
	OP.2 FDD
	OP.4 FDD

	PBCH_RA
	dB
	0
	0
	0

	PBCH_RB
	
	
	
	

	PSS_RA
	
	
	
	

	SSS_RA
	
	
	
	

	PCFICH_RB
	
	
	
	

	PHICH_RA
	
	
	
	

	PHICH_RB
	
	
	
	

	PDCCH_RA
	
	
	
	

	PDCCH_RB
	
	
	
	

	OCNG_RANote3
	
	
	
	

	OCNG_RBNote3
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	dBm/15 kHz
	-98
	-98
	-98
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	dB
	3
	3
	3
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	dB
	3
	3
	3

	IoNote4
	dBm/9 MHz
	-65.5
	-65.5
	N/A

	
	dBm/1.08 MHz
	N/A
	N/A
	-74.7

	Propagation condition
	-
	AWGN
	AWGN
	AWGN

	Note 1: For the reference measurement channels, see clause A.3.1.

Note 2: For the OCNG pattern, see clause A.3.2.

Note 3: OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.
Note 4: Io level has been derived from other parameters for information purpose. It is not a settable parameter.

Note 5: DRX related parameters are defined in Table A.7.1.1.1-3.


Table A.7.1.1.1-2: Sounding Reference Symbol Configuration to be used in UE Transmit Timing Accuracy Tests for E-UTRAN FDD

	Field
	Test 1
	Test 2
	Test 3
	Comment

	
	Value
	

	srsBandwidthConfiguration
	bw5
	bw5
	bw7
	

	srsSubframeConfiguration
	sc1
	sc3
	sc1
	

	ackNackSrsSimultaneousTransmission
	FALSE
	FALSE
	FALSE
	

	srsMaxUpPTS
	N/A
	N/A
	N/A
	Not applicable for FDD

	srsBandwidth 
	0
	0
	0
	No hopping

	srsHoppingBandwidth
	hbw0
	hbw0
	hbw0
	

	frequencyDomainPosition
	0
	0
	0
	

	duration
	TRUE
	TRUE
	TRUE
	Indefinite duration

	Srs-ConfigurationIndex
	0
	77
	0
	SRS periodicity of 2ms and 80 ms for Test 1 and 2, respectively.

	transmissionComb
	0
	0
	0
	

	cyclicShift
	cs0
	cs0
	cs0
	No cyclic shift

	Note: For further information see clause 6.3.2 in TS 36.331.


Table A.7.1.1.1-3: drx-Configuration to be used in UE Transmit Timing Accuracy Test 2 for E-UTRAN FDD

	Field
	Test2
	Comment

	
	Value
	

	onDurationTimer
	psf1
	

	drx-InactivityTimer
	psf1
	

	drx-RetransmissionTimer
	psf1
	

	longDRX-CycleStartOffset

	Sf2048, 2047
	DRX Cycle = 2048ms,

drxStartOffset = 2047ms

	shortDRX
	disable
	

	Note: For further information see clause 6.3.2 in TS 36.331.


A.7.1.1.2
Test Requirements
For parameters specified in Tables A.7.1.1.1-1 and A.7.1.1.1-2, the initial transmit timing accuracy, the maximum amount of timing change in one adjustment, the minimum and the maximum adjustment rate shall be within the limits defined in clause 7.1.2.

The following sequence of events shall be used to verify that the requirements are met.

For the 10MHz channel bandwidth, the test sequence shall be carried out in RRC_CONNECTED for both non-DRX and DRX with a cycle length of 2048 ms and start offset of 2047ms (Tests 1 and 2, respectively):

a) 
After a connection is set up with the cell, the test system shall verify that the UE transmit timing offset is within NTA×TS   ± 12×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1.

b) 
The test system adjusts the downlink transmit timing for the cell by +32(TS (approximately +1µs) compared to that in (a).

c) 
The test system shall verify that for Test 1 the adjustment step size and the adjustment rate shall be according to the requirements in clause 7.1.2 until the UE transmit timing offset is within NTA×TS  ± 12×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1. Skip this step for Test 2.

d) 
The test system shall verify that the UE transmit timing offset stays within NTA×TS  ± 12×TS with respect to the first detected path  (in time) of the corresponding downlink frame of cell 1.

For the 1.4MHz channel bandwidth, the test sequence shall be carried out in RRC_CONNECTED for non-DRX (Tests 3):

a) 
After a connection is set up with the cell, the test system shall verify that the UE transmit timing offset is within NTA×TS   ± 24×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1.

b) 
The test system adjusts the downlink transmit timing for the cell by +128(TS (approximately +4µs) compared to that in (a).

c) 
The test system shall verify that the adjustment step size and the adjustment rate shall be according to the requirements in clause 7.1.2 until the UE transmit timing offset is within NTA×TS  ± 24×TS with respect to the first detected path (in time) of the corresponding downlink frame of cell 1.

d) 
The test system shall verify that the UE transmit timing offset stays within NTA×TS  ± 24×TS with respect to the first detected path  (in time) of the corresponding downlink frame of cell 1.

7.1.2	Requirements


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.� …< Several lines are snipped here > …


Te Timing Error Limit (Ref: Table 7.1.2-1 in TS36.133)


Downlink Bandwidth (MHz)�
Te_�
Te_ (In absolute term)�
�
1.4�
24*TS�
781.3 ns�
�
≥3�
12*TS�
390.6 ns�
�
Note: TS is the basic timing unit defined in TS 36.211�
[Ts=32.6ns]�
�






7.1.2	Requirements


In case the amount of the timing change in the downlink is less than or equal to 3us, Tthe 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. If the amount of the timing change in the downlink is more than 3us, the UE initial transmission timing shall not be changed. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
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