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1 Introduction
In RAN4#67, RAN4#68 and RAN4#68bis, there have been discussions on UE timing transmit accuracy [2-7]. Based on the latest discussions, RAN4 agreed a way forward in [8]
	1. For the requirements (Clause 7.1, 36.133) 
· Necessity of additional requirements to set upper limit(s) of UL transmit timing change for Rel-12 specification will further be investigated and checked for the following cases separately.
· For the first transmission in a DRX cycle for PUCCH, PUSCH or  SRS. 
· For PRACH transmission case.
2. For the corresponding test conditions (Clause A.7.1, 36.133) 
· In case, the requirements in Rel-12 is updated, introducing corresponding test criteria and its test condition will be considered.
· Changes proposed in R4-135236 [2] will further be reviewed whether it is sensible change taking into account foreseen impact to the existing UE designs.
· If it is clarified as sensible and depends on foreseen impact to the existing UE designs as well as to the RAN5 test specs, following options will be considered:
· Option 1: it could be applied from Rel-8 and onwards.
· Option 2: it could be applied from later release, e.g., Rel-10.



2 Discussion
We begin by reviewing the existing requirements for UE autonomous timing adjustment. First of all, the timing error of the initial transmission 

	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 of the reference cell minus 
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We also note from the introductory section that the exact definition of downlink timing depends on the first detected path in time which is a UE-centric definition (it depends on what the UE detects rather than the downlink signal).
	The UE shall have capability to follow the frame timing change of the connected eNode B. The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.


For all subsequent transmissions, except transmissions when timing advance is applied, the UE attempts to follow the downlink timing according to the following requirements:
	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.


The rules serve to limit the ways in which UEs can adjust their timing, and rules (1) and (3) are especially relevant in case the UE observes a large change in downlink timing. 
Considering a UE velocity of 350km/h directly towards or away from the eNB, the maximum expected change of downlink timing in 200ms is approximately 68ns, considering the line of sight propagation path. According to TS36.133, for ≥10MHz BW, Tq=3.5Ts which is approximately 113ns. Therefore, when tracking a first detected path in time the UE should not normally be limited by rule 3). However, what can happen is that the first propagation path becomes undetectable to the UE, and a new propagation path is considered as the first detectable path. In this case, rule 3) limits the aggregated adjustment rate and rule 1) also limits the individual adjustments that the UE can make. Thus a non DRX UE operating with 10MHz bandwidth could be expected to apply (for example) several 3.5Ts adjustments over a time window >>200ms  until it has adjusted its transmission timing to the new reference based on the updated downlink timing. The rules are also clearly applicable to DRX transmissions as well (except the first transmission in a DRX cycle). In large DRX case if the UE observes a step change in downlink timing it is more likely to be limited by rule 1) than rule 3) since the aggregated adjustment rate allowed over a longer period such as 2048ms is rather large.
In the earlier work and recent way forward, similar concerns were raised about the initial transmission in DRX, or PRACH. The proposal in [1] was to introduce requirements such as
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And similarly, the WF requests companies to consider the necessity of an upper limit
	· Necessity of additional requirements to set upper limit(s) of UL transmit timing change for Rel-12 specification will further be investigated and checked for the following cases separately.
· For the first transmission in a DRX cycle for PUCCH, PUSCH or  SRS. 
· For PRACH transmission case.


The main difficulty for this kind of requirement seems to be to define from where the time window starts for the downlink timing evaluation. For first PRACH transmission, the UE could previously have been in idle mode, or receiving from a different cell prior to handover. Since the eNB (or specifically target eNB in the case of a handover) has no historic information about the UE transmission timing, it does not really assist the eNB to know that the timing has not changed more than a certain amount since that UE last measured the cell’s downlink. The eNB PRACH detection needs to be designed such that the eNB is able to detect the timing of any UE within coverage, accounting the round trip delays and also making the assumption that the UE initial transmission timing error shall be less than or equal to (Te, ie the UE is compliant to the requirements in 36.133 section 7.1.2. So setting an additional UE requirement that the UE has not adjusted its timing more than a certain amount based on an arbitrary elapsed time since the last reception of downlink before the first PRACH transmission (which is a time instant unknown to the eNB) does not seem to help simplify PRACH detection from an eNB perspective. Indeed it may create problems because it may force the UE initial PRACH transmission to be based on an outdated estimate of downlink timing. Finally it appears that a PRACH requirement would be untestable, since the test equipment also has no knowledge of when the UE previously determined the downlink timing.
Proposal 1 : No additional requirements are specified for the PRACH transmission case
For the first transmission of PUCCH, PUSCH or  SRS, the situation is slightly different. In this case, it can be assumed that the UE has already successfully transmitted a PRACH preamble, and the eNB has transmitted a random access response which includes a timing advance command. If, between the successful PRACH preamble, and the corresponding first PUCCH, PUSCH or SRS transmission the UE downlink timing estimate changes excessively, the eNB may not detect the uplink transmission due to the downlink timing step. This could happen independently of whether DRX is configured, although the probability of occurrence is higher for the DRX configuration due to the likely longer elapsed time. The issue is that both PRACH transmission and SRS/PUCCH/PUSCH/SRS transmission are considered as “first transimssions” even though in practice the PRACH transmission sets expectation of a certain SRS/PUCCH/PUSCH/SRS transmission timing via the TA command in the random access response.
Proposal 2 : Additional requirements could be considered for initial SRS/PUCCH/PUSCH timing relative to a prior PRACH transmission.

It should be noted that proposal 2 is in principle not related directly only to DRX operation, although DRX operation (with large drxStartOffset) could represent a more challenging scenario than a non DRX scenario due to the greater elapsed time. The test case for such a scenario could be envisaged as making a significant step change to the test equipment downlink timing after the random access response has been transmitted to the UE, and then checking the uplink timing is within some acceptable tolerance considering the initial PRACH timing and TA command applied. 
Similar considerations may apply to the first transmission of a DRX cycle after non DRX transmission, since a literal interpretation of the Te requirement is that it applies to all first transmissions of DRX cycles, regardless if there has earlier been non DRX transmission

Proposal 3: Additional requirements could be considered for timing of the first SRS/PUCCH/PUSCH in a DRX cycle relative to a prior non DRX SRS/PUCCH/PUSCH transmission.

The next step would be to discuss if proposal 2 or 3 addresses the practical issues that have prompted the earlier discussion in RAN4. As indicated in [8], if there is consensus that such a requirement addresses a practical issue, then the corresponding core requirements could be developed as a part of TEI12. For the corresponding test cases, we think that the test cases should not be introduced in an earlier release than the core requirement. An important principle in RAN4 has been that all RRM test cases are all based on core requirements, and if a new core requirement is added in an open release then it does not provide a basis for tests in an earlier release where the core requirement is not applicable, irrespective of the impact on early UE implementations. If this principle is not adhered to, then it may in future create ambiguities in what are the applicable requirements for a certain release of UE.
Proposal 4 : After discussion of proposal 2, any necessary tests are introduced in the same release as the core requirement

While this proposal could be understood to delay the availability of UEs which meet the additional requirements, we think that nevertheless the introduction of a new requirement and test by RAN4 sends a strong message to the rest of the industry and UE designs should start  preparing for the requirements in upcoming releases. Hence we see it likely (although not mandated by certification) that earlier release UE designs would start preparing to meet the new requirement and pass the test case. If necessary the upcoming RAN4 requirement can be discussed beween UE and infra vendors as a part of the normal discussions about interoperability testing (IOT) as a reference for how RAN4 sees the future requirements for transmission timing.
3 Conclusions
In this contribution, we provided further analysis related to transmit timing accuracy. In the contribution we review the existing requirements for initial transmission timing. For the initial PRACH timing, we conclude that it does not help to limit the UE PRACH transmission timing based on an earlier downlink reception timing by the UE, since the eNB is unaware of when the UE has earlier estimated the downlink timing, or what timing it has estimated. 
Proposal 1 : No additional requirements are specified for the PRACH transmission case
Then we considered the initial transmission timing requirement for PUCCH/PUSCH/SRS. Although this has been considered an initial transmission by RAN4, nevertheless its timing will typically have been assigned by the eNB based on timing estimation from the PRACH preamble and a corresponding timing advance command will have been given in the random access response. Therefore, if the UE estimate of downlink timing changes significantly between the PRACH preamble and the first PUCCH/PUSCH/SRS transmission, such that the PUCCH/PUSCH/SRS transmission timing is changed by the autonomous adjustment  this could potentially cause problems. Thus we propose 

Proposal 2 : Additional requirements could be considered for initial SRS/PUCCH/PUSCH timing relative to a prior PRACH transmission.

It should be noted that proposal 2 is in principle not related directly only to DRX operation, although DRX operation (with large drxStartOffset) could represent a more challenging scenario than a non DRX scenario due to the greater elapsed time. 

Similar considerations may apply to the first transmission of a DRX cycle after non DRX transmission, since a literal interpretation of the Te requirement is that it applies to all first transmissions of DRX cycles, regardless if there has earlier been non DRX transmission

Proposal 3: Additional requirements could be considered for timing of the first SRS/PUCCH/PUSCH in a DRX cycle relative to a prior non DRX SRS/PUCCH/PUSCH transmission.

The next step would be to discuss if proposal 2 addresses the practical issues that have prompted the earlier discussion in RAN4. As indicated in [8], if there is consensus that such a requirement addresses a practical issue, then the corresponding core requirements could be developed as a part of TEI12. For the corresponding test cases, we think that the test cases should not be introduced in an earlier release than the core requirement. An important principle in RAN4 has been that all RRM test cases are all based on core requirements, and if a new core requirement is added in an open release then it does not provide a basis for tests in an earlier release where the core requirement is not applicable, irrespective of the impact on early UE implementations. If this principle is not adhered to, then it may in future create ambiguities in what are the applicable requirements for a certain release of UE.

Proposal 4 : After discussion of proposal 2, any necessary tests are introduced in the same release as the core requirement
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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 in a DRX cycle for PUCCH or PUSCH case or elapsed time since the last reception of the downlink before the first PRCH transmission 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.
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