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Introduction
In section 7.1.2 of TS36.133 [1], UE initial transmission timing error requirement is specified as “initial transmission timing error limit” of ‘Te’ in Table 7.1.2-1, where the requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
In this paper, the requirement under DRX cycle is reviewed and possible negative affect to UL signal quality is pointed out. Considering the actual propagation condition, the existing test condition in A.7.1.1 seems to force UEs to conform to unrealistic condition and may force unnecessary (or even harmful) behavior to it.

To cope with this issue, modification of the requirement and correction of the corresponding test condition are proposed.
1. UE initial transmit timing accuracy requirement in DRX cycle
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The UE initial transmit timing accuracy requirement in DRX cycle is specified in section 7.1.2 of TS36.133 [1] as follows.
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For the timing adjustments for non-DRX case or not the first transmission in DRX cycle case, the same section specifies its rules as follows. The maximum aggregate adjustment rate in the third bullet was derived from the similar requirement in UMTS specification [2] and its baseline analysis assumed UE speed of 350km/h as in [3]. 

These requirements are to be checked under the conditions specified in A.7.1.1 (for FDD) and A.7.1.2 (for TDD) in [1]. Both for DRX case and non-DRX case are covered in these sections using DRX cycle of 80ms with DRX start offset of 80ms. In the test case, DL path timing is suddenly changed by 64Ts (corresponds to about 2us as shown in Fig.1) and UL timing of the UE under test is checked whether it is within 12Ts (for 5MHz BW case).
Fig.1 shows the relationship between the maximum path delay difference (Blue line) assuming UE speed of 350km/h and the maximum aggregate timing adjustment rate (Green line = Tq per 200ms) for the case of 10MHz transmission bandwidth. The chart also shows Timing Error Limit (Te) given in Table 7.1.2-1 above as well as the test point specified in A.7.1.1 and A.7.1.2 in [1].
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Fig.1: Downlink path delay difference at UE speed of 350km/h and timing adjustment limit
It is observed from Fig.1 that the maximum aggregate timing adjustment rate covers maximum path delay difference (@UE speed of 350km/h) very well. It can also be seen that sudden change of the DL path timing by 64Ts (2us) within 80ms (DRX cycle) is unrealistic as only 25ns delay difference will be observed for the high speed UE scenario (as blue line shows).
As UEs should pass the test specified in A.7.1.1 or A.7.1.2, these UEs will also behave the same way in the actual communication environment. One of the extreme examples is that the UE goes into DRX cycle, and if it start its first transmission at the beginning of the DRX cycle, and gets interference from other cells, mis-detect the DL timing which is different from its genuine DL, its UL timing could easily be follow this wrong reference timing. Once this wrong UL adjustment has been made, it will take long time to return to its genuine timing because of the maximum adjustment rate of  Tq per 200ms. It should be noted that 64Ts corresponds to 40 to 44% of a cyclic prefix (CP) for the normal CP case, which is relatively large and may reduce tolerances to multi-path interference once the UL timing is shifted erroneously.
2. Proposed way forward
To avoid above mentioned affect to unexpected timing adjustment caused by the unnecessary large capture range for the first transmit timing in DRX cycle, the following correction to the requirements as well as test conditions are proposed:

For the initial transmission timing requirement in DRX cycle in section 7.1.1 of TS36.133, Timing Error Limit of Te is reduced by factor of half or one third for shorter DRX cycles as below. This modification aligns the requirement to the maximum adjustment rate criteria for non-DRX case.

For the corresponding test condition (Test case 2) in section A.7.1.1 and A.7.1.2 of TS36.133, both DRX cycle and DRX start offset are changed from 80 ms to 640ms. Under this condition, relatively larger path variation can be expected in an actual propagation conditions for high speed UE case and reasonable to check wider timing adjustment in UL accordingly.
Fig.2 summarizes these timings and proposed new test point for the 10MHz BW case. As can be seen in the chart, timing adjustment requirement for DRX case is in line with the non-DRX case.
Fig.2: Proposed timing adjustment limit for DRX (and non-DRX) cases with new test condition
Conclusion
It is observed that UE transit timing requirement in DRX specified in section 7.1.2 in TS36.133 does not consider actual propagation conditions and applies unnecessarily large timing error. Corresponding test conditions in section A.7.1.1.1 and A.7.1.2.1 use relatively shorter DRX cycle compared with the allowed timing error in section 7.1.2.

If a UE receiver in an actual environment miss-detects the same amount of timing shift, the UE changes its UL transmit timing erroneously and may cause degradation in its UL transmission. Therefore it is proposed to set smaller Te (timing error limit for the initial UL transmission in DRX) for relatively shorter DRX cycle cases and for the corresponding test cases, it is proposed to apply longer DRX cycle. The corresponding CR is proposed in a separate document in [12].
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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 > …


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.








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�
�






Table 7.1.2-1: Te Timing Error Limit


Downlink Bandwidth (MHz)�
UL channel�
DRX cycle [ms]�
Te_�
�
1.4�
PUCCH, PUSCH, SRS�
≤ 320�
[8]*TS�
�
�
�
512�
[12]*TS�
�
�
�
≥ 640�
24*TS�
�
�
PRACH�
-�
�
�
≥3�
PUCCH, PUSCH, SRS�
≤ 320�
[4]*TS�
�
�
�
512�
[6]*TS�
�
�
�
≥ 640�
12*TS�
�
�
PRACH�
-�
�
�
Note: TS is the basic timing unit defined in TS 36.211�
�
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