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Discussion and decision 
1 Introduction 
RAN2 has requested RAN1/4 to evaluate the feasibility of Timing Advance (TA) calculation using time difference measurement [1], which is essentially a UE autonomous TA method. 

With this method, the UE calculates the TA of SCells that do not have the same TA as the PCell based on the TA of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE. Two possible variants of this method identified by RAN2 are given below:
a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b. The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.
In this contribution, we present our views on the issue.
2 Discussions
Typically, two cells require different UL timing adjustment if the cells are not co-located. This is the case for CA scenario 4 (RRH) and scenario 5 (repeater) [4]. The principle of TA calculation using time difference measurement is explained in [2]

 REF _Ref300757003 \n \h 
[3] (see Annex for a figure from [3]). Basically, assuming the uplink propagation delay is the same as the downlink propagation delay for the PCell as well as the SCell, the TA for the SCell can be expressed as the TA for the PCell as follows [3]:
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(1)
where TAS and TAP denote the TA for the SCell and the PCell, respectively, TDRP and TDRS denote the downlink reception timing of the PCell and the SCell, respectively, and  TDTP and TDTS denote the downlink reception timing of the PCell and the SCell, respectively.
TAP is signalled to the UE from the TA command for the PCell, the UE can measure TDRP - TDRS and if TDTP – TDTS cannot be ignored, TDTP – TDTS can be signaled to the UE [3] (note that time alignment error (TAE) is specified to be < 1.3 μs for interband carrier aggregation in TS 36.104).
However, as hinted in the LS by RAN2, the assumption for equation (1) may not always hold. The assumption that the uplink propagation delay is the same as the downlink propagation delay doesn’t hold if DL-only or UL-only frequency selective repeater is deployed for one of the cells. In addition, there is also additional internal latency of repeater which varies depending on implementation (typically ~ 1 μs). To illustrate, consider an UL-only repeater scenario as shown in Figure 1, there is carrier aggregation of frequencies F1 (PCell) and F2 (SCell) by the macro cell and the UL-only repeater is deployed for F2 (SCell). Denote T∆ as the UL propagation delay from the UE to the repeater and the latency due to the internal processing of the repeater as TL, the TA for the SCell should be:
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(2)
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Figure 1: UL frequency-selective repeater scenario
T∆ and TL cannot be estimated by the UE. Since the network is not necessarily aware of the location/existence of the repeater as well as the type of repeater deployed, T∆ and TL also cannot be known a priori by the eNodeB.
Observation: TA calculation using time difference measurement by UE does not work in all possible deployment scenarios.
One immediate implication of the above observation is that separate TA command for the SCell signaled by the eNodeB is still necessary; otherwise, the eNodeB has no means to correct the situation as described in the UL-only repeater scenario.
Proposal 1: Separate TA command for SCell is necessary to provide time alignment adjustments for the SCell.
A remaining issue to consider is whether the support of RACH on the SCell is needed so that the network can provide an accurate initial TA for the UE in the RAR message, or whether it is sufficient for the UE to rely on equation (1) for the initial timing adjustment. We note that the issue UL timing accuracy has been studied in the past, for example in [5] it was shown that the UL timing accuracy less than ±1.04 μs is desirable. Taking into account the accuracy of UE setting Tx timing which is <0.39 μs (≥3MHz, see Sec 7.1.2 of [7]), the UL timing accuracy desirable is effectively < ±0.65 μs. If the UL timing estimation error by the eNodeB is also considered, the timing accuracy desirable is even more stringent. 
Without RACH support on the SCell, there will be some unnecessary inter-user interference at the eNB receiver if the timing adjustment by the UE is incorrect until the eNB corrects it by sending TA commands. This unnecessary interference which impacts all UEs can be easily avoided by supporting RACH on the SCell. 

It is important that sufficient safety margin is provisioned in the system design so that the risk of encountering problems in practice is minimized. RACH for estimating initial TA is a proven technique that is robust, reliable and well-understood. Therefore, it is recommended that the support of RACH on the SCell is included for providing accurate initial TA estimate  in Rel-11.

Proposal 2: Support of RACH on the SCell is necessary for accurate estimation of initial TA for the SCell.
3 Conclusions
Our views on the feasibility of timing advance (TA) calculation using time difference measurement are summarised below:
Observation: TA calculation using time difference measurement by UE does not work in all possible deployment scenarios.
Proposal 1: Separate TA command for SCell is necessary to provide time alignment adjustments for the SCell.
Proposal 2: Support of RACH on the SCell is necessary for accurate estimation of initial TA for the SCell.
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5 Annex

Figure from [3] illustrating the principle of TA calculation using time difference measurement is provided below for convenience.
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Figure 2: Principle of TA calculation using time difference measurement (from � REF _Ref300757003 \n \h ��[3]�)
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