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Introduction
In RAN4 #67,#68 and #68bis meetings, UE initial transmit timing accuracy requirements in DRX and corresponding test conditions have been discussed in [1][2]

 REF _Ref364090458 \n \h 
[3][4][5][6]

 REF _Ref371340990 \n \h 
[7]

 REF _Ref371340991 \n \h 
[8]. As agreed in [8], this paper provides updated proposals as a way forward of the subject.
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 [7], we proposed to set maximum upper limit of UL timing less than or equal to 3.0us (compared to the previously received DL timing). As several clarifications were required for the proposal, for example, reference timing of the DL and applicability for PRACH, we would like to update our proposal as follows:

· The reference timing of the DL is the last received downlink timing in DRX.
· The timing error requirement for the start of the random access preamble is kept unchanged.
Proposal 1:
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To introduce a precondition for UE initial transmission error requirement in clause 7.1.2 in TS36.133 [24] 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]. For Rel-12 and onwards, additional test steps to check the upper limit of the UL timing change as proposed in the previous section are proposed.

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 [20]

 REF _Ref363950303 \n \h 
[21]

 REF _Ref363950304 \n \h 
[22]

 REF _Ref363950306 \n \h 
[23]

 REF _Ref363950310 \n \h 
[24] and A.7.4 in [23]

 REF _Ref363950310 \n \h 
[24], 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[23]

 REF _Ref363950310 \n \h 
[24], 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.

The proponent believed the changes should not affect the existing UEs in the market nor being developed. If it is not the case for some UEs, the changes proposed should be applied Rel-10 and beyond.

For Rel-12 and beyond, the following additional test steps are also proposed to check the upper limit of the UL timing change:
· For Test Requirements specified in clause A.7.1.1.2, A.7.1.2.2, A.7.1.3.2 and A.7.1.4.2; test steps of (e) and (f) are introduced to check the upper limit of UL timing change. In these steps, DL timing is shifted by 124(Ts (approximately +4.1µs) and check the UL timing stays unchanged. The DL timing shift is chosen considering the upper limit of the UL change proposed is 3us and the Te for 1.4MHz BW case is 24Ts (781ns).
· For Rel-11 and Rel-12 specifications[23]

 REF _Ref363950310 \n \h 
[24], 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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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. 
Therefore several changes are proposed to set reasonable upper limit of UL timing update considering the practical Maximum UE speed (of around 350km/h) (Proposal 1) 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 2).
Corresponding changes are proposed in [26], [27], [28], [29] and [30].
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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


The UE initial transmission timing error shall be less than or equal to (Te In case the amount of the timing change in the downlink is less than or equal to 3us, in case the amount of the timing change in the downlink compared with the last received downlink timing is less than or equal to 3us, 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 compared with the last received downlink timing is more than 3us, the UE initial transmission timing shall not be changed and keep � EMBED Equation.3  ���. unchanged. Except the cases of the timing advance specified in clause 7.3, tThis requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS.


 or it is For the start of the random access preamble of the PRACH, its transmission timing error shall be less than or equal to  (Te. 


The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus � EMBED Equation.3  ���. 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 the start of the random access preamble of PRACH is defined as 0 [16]. � EMBED Equation.3  ��� (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�
�
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