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1 Introduction
For some time, RAN4 has been discussing uplink timing requirements for first transmission in DRX. The latest way forward [1] indicates that “It is reasonable to investigate updating transmit timing requirement in Rel-12” and provides areas for further investigations.
2 Core requirement disucssion

We begin by reviewing the requirements for non first transmissions. Figure 1 shows possible responses to a step change in the UE estimate of downlink timing. The lower and upper limits on timing requirements are shown according to the requirements:
2)
The minimum aggregate adjustment rate shall be 7*TS per second. 

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

And in addition it is specified for the individual adjustments that :
1) The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
In figure 1, limits 2) and 3) are shown for ≥10MHz bandwith. Also, one possible evolution of UE TX timing is shown, although any UE implementation compliant to the core requirements (remaining within the minimum and maximum aggregated requirement curves, and complying with the Tq step size requirement) would be possible. Non DRX operation is assumed for this curve.
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Figure 1 : Minimum and maximum aggregated timing change and an allowed UE transmmit timing response to a step change in downlink timing (10MHz system BW)
When we consider non-DRX transmissions, a clear benefit of limiting the rate of change over a relatively short time window is that eNB receiver timing tracking algorithms can be designed to follow UE timing. When a long DRX cycle (with long TX off time) or a first transmission is considered, naturally the eNB cannot track the UE uplink during TX off time. 
Turning our attention to first transmissions, if these are truly unrelated to any earlier transmission, the eNB has no expectation of timing and there is no benefit to the system in specifying any requirement beyound the existing initial timing requirement (UE initial transmission timing error shall be less than or equal to (Te). Indeed, specifying anthing else may be extremely harmful, as the eNB has no knowledge of earlier UE downlink timing estimates. From eNB perspective, in this case a relatively large receiver window needs to be considered, accounting (Te and uplink and downlink propagation delays.  However, in some scenarios such as transition from non DRX to DRX operation, or PUCCH/PUSCH/SRS transmission after a RACH preamble,  or a non contention based RACH transmission, the eNB may already have allocated uplink respources and even configured the transmission timing of the UE via a TA command. In these scenarios it seems reasonable to expect the timing to be related to the earlier UE transmission timing rather than based on a completely independent assessment of the downlink timing.

From this description it can be seen that the first aspect which needs to be considered and defined is what constitutes a related earlier transmission. We think this aspect is critical before further aspects of the solution are considered; for instance if a UE has been in idle mode for some minutes it seems to be clear that the only requirement which is applicable when it leaves idle mode is the (Te requirement based on whatever downlink timing is determined at that point. On the other hand, if for example the UE has been in non DRX operation, and then transitions to DRX operation it is reasonable that changes in uplink timing are limited based on the earlier uplink timing.
One approach to considering whether an earlier transmission is related can be to consider the longest DRX cycle which can be configured by RRC. The longest DRX cycle used in RRC connected state is 2.56s, thus we propose the following definition of a related earlier transmission
Proposal 1 : A related earlier transmission is defined as a transmission which has taken place up to 2.56s prior to the transmission under consideration, provided that the UE has remained in RRC connected state throughout the period and the serving cell has remained unchanged.

We think that agreeing a definition is critical as a first step; one aspect of the earlier work in this area is that it creates scenarios where the UE may not comply with the (Te requirement based on the current downlink timing, but rather limit its timing change based on an earlier evaluation of downlink timing. If such behaviour is allowed, or required, in an unlimited way then it would be very difficult for the eNB to assume anything about the uplink timing for first transmissions, since they may not be related to the current downlink timing.
Having defined a related earlier transmission, we think it is reasonable to limit changes to the uplink transmission time. Once the time between related transmissions is agreed, the maximum change in propagation delay due to UE motion can be determined. The maximum aggregated time over 200ms in figure 1 can be shown to correspond to a theoretical UE velocity of (3.5/(15000*2048*0.2))c ms-1=170.8 ms-1 =614.8 km/h, which is reasonable, considering for instance, high speed train environment with some additional margin.  For smaller bandwidths, Tq is larger which would result in an even larger velocity. If we consider related transmissions that are separated by 2.56s and a similar velocity, the resultant change due to different propagation condition over 2.56s is τ=(170.8×2.56)/c=1.458us. Based on this, we consider it would be reasonable to select ±1.5us as the limit, since any change in downlink timing exceeding this appears to be caused by the UE determining a different first detectable path within the multipath delay spread, rather than a change in propagation delay of one path. 
Proposal 2 : For a first transmission related to an earlier transmission (ie within 2.56s) the UE shall limit uplink timing changes to  ±1.5us 
Considering proposal 1 and proposal 2, a text proposal for 36.133 is provided. This proposal is intened to provide a clear definition of the cases in which the existing (Te requirement is not applied to first transmissions, and also the requirement for UEs in this case.


[image: image2]
3 Test case disucssion

In the agreed way forward it agreed as follows:
	· For frozen releases as Rel-8 and Rel-9, the present transmit timing test cases shall not be changed in case reasonable isolated impact is not identified or impact to existing UEs in the market is foreseen.
· The same principle would be applied for Rel-10 and beyond considering UEs being designed or have already been shipped which UE is comply with the existing Test Cases.
· Depends on the decision made to the corresponding core requirement, Test Cases for Rel-12 could be elaborated.



Our view is that any core requirement introduced to solve this issue would be a new requirement from UE perspective. Since the existing test cases have been used as the basis for RAN5 specifications, validated in GCF and PTCRB and implemented in commercial test equipment, it would create very significant confusion to change an existing test case. Moreover, release 10 or 11 test cases cannot be changed as the agreed way forward indicates that the core requirement would be introduced in release 12.

For release 12, we think it would be important to elaborate a test case to check that the UE is able to limit the changes to uplink timing for first DRX transmission.  We see this as being additional and complimentary to the existing uplink timing test cases. To perform the testing, the UE could for example first be configured for non DRX operation, and then a long DRX cycle may be configured with a large DRX start offset (for example, 1280ms DRX cycle with 1279ms start offset). During the time between the end of the non DRX transmission and the first DRX cycle transmission, the downlink timing is changed by some large amount, for example 64Ts ≈ 2us as in the current 10MHz test. The uplink timing of the first transmission is then measured to verify that the change has been limited to 1.5uS. Since Te=12Ts, the UE timing without limitation would change by 52Ts to 76Ts, whereas the maximum change with limitation would be 1.5uS ≈ 46 Ts. Hence the test case can verify that the UE performs the limitation correctly. Earlier it was suggested that 32Ts step would be used. The concern for this proposal is that a 32Ts test would not be sufficient to verify timing limitation, even with 1.5uS limit.
4 Conclusions 
In this contribution, we discuss uplink timing for first transmissions. We provide two proposals and a text proposal for requirements in 36.133.
Proposal 1 : A related earlier transmission is defined as a transmission which has taken place up to 2.56s prior to the transmission under consideration, provided that the UE has remained in RRC connected state throughout the period and the serving cell has remained unchanged.

Proposal 2 : For a first transmission related to an earlier transmission (ie within 2.56s) the UE shall limit uplink timing changes to  [±1.5]us 
We think that agreeing a definition of the related earlier transmission is critical; one aspect of the earlier work in this area is that it creates scenarios where the UE may not comply with the (Te requirement based on the current downlink timing, but rather limit its timing change based on an earlier evaluation of downlink timing. If such behaviour is allowed, or required, in an unlimited way then it would be very difficult for the eNB to assume anything about the uplink timing for first transmissions.

The proposed limitation of [1.5]us for related earlier transmissions is based on similar assumptions for UE velocity as the existing requirement for non first transmissions that the maximum aggregate adjustment rate shall be Tq per 200ms, considering the 10MHz bandwidth case where Tq=3.5Ts.

Some considerations on testing are also provided.
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7.1.2	Requirements


If there has been no related earlier transmission, The 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.  A related earlier transmission is defined to have occurred if a transmission has taken place up to 2.56s prior to the transmission under consideration, and throughout the period between the earlier transmission and the current transmission the UE has remained in RRC connected state and the serving cell has remained unchanged. 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 � 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 PRACH is defined as 0. � 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�
�



When there has been a related earlier transmission the UE is required to limit changes to its uplink timing compared to the timing of the earlier transmission. 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 except when this would result in an uplink timing chage of greater than [±1.5us] compared to the related earlier transmission. In this case, the UE shall limit the change in uplink timing to [±1.5us] compared to the earlier transmission. This requirement applies to the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.


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 � EMBED Equation.3  ��� 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�
�
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