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1 Introduction
In this paper we discuss which timing reference should be used for UL transmission on SCells. 
2 Timing reference for SCells

In Rel-10 it was agreed, in RAN2#70, that the timing reference for initial RACH timing would be the PCell downlink. Initial timing for the PCell uplink is then obtained through a random access procedure. As in previous releases, the UE transmits a preamble in the Random Access Request (MSG1) assuming a timing advance (TA) of zero. The eNB measures the received UL signal, estimates the difference compared to the desired UL timing, and in the Random Access Response (MSG2) provides the UE with a TAC containing a TA value compensating for the experienced UL timing error. This behavior applies both to CBRA and CFRA.
Once the UE has obtained initial UL synchronization the eNB will regularly perform measurements on the UL signals and when needed request the UE to adjust its timing. To do so it sends a TAC containing a delta adjustment to the UE’s current UL timing. Even though this TA adjustment is made as a delta to the current timing and not to the DL timing reference, the UL timing used at an UL transmission is still always locked to a timing reference
. Further it was specified that, when configured with one or more SCells the UE should use the PCell as timing reference cell for deriving the UE transmit timing.[1]
For Rel-11, random access will be supported also on SCells and it is currently discussed in RAN2 whether the PCell should be used as timing reference for SCells also in Rel-11 or if a new timing reference is needed. Possible candidates are PCell, SIB2 linked cell, scheduling cell, specific SCell within each TA group or other timing which is known to the UE.
Using the PCell as a timing reference would not only mean that we would keep Rel-10 behavior but also that all serving cells belonging to a group would share the same timing reference, which would make sense as they share the same TA value, this would not be the case if for example the SIB2-linked cell is timing reference for SCells. It would also seem more straightforward using the PCell than using a specific SCell as the timing reference of a TA group, since SCells may become deactivated. Another drawback with using a specific cell in each TA group as timing reference is that at group change the timing reference changes for an SCell. This takes away the possibility to update a TA value at the same time as the regrouping is done since when the regrouping command is applied the timing reference changes and the updated TA value is not applicable due to change of the timing reference. 
In addition, using the PCell as a reference for the UL timing would also seem future proof, for example if UL-only SCells would be introduced in the standard in a later release. Since the TA functionality in previous releases is based on a DL timing reference it would make sense to be aligned and use a DL also in Rel-11.
During offline discussions last meeting a concern was raised to whether the PCell could be used as timing reference for SCells in a scenario as in Figure 1, where a UE moves away from the PCell node towards an SCell node, or if the uplink signals would reach the SCell too late. As this example will show there is no problem. At time T = t1 the UE is at position A. The UE’s propagation delay to the PCell and the SCell is d1 and d2, respectively. The SCell TA value is relative to reception of PCell downlink subframe. At a later time T = t2 the UE has moved, away from the PCell-node and towards the SCell-node, to location B. The UE will now receive the PCell downlink at a time d’1 (d’1 = d1 + Δ) after it has been sent. If no update of the UEs TA values has yet been made the UEs uplink transmission will reach the PCell 2*Δ later than they would if the UE was at location A. The UEs uplink transmission on the SCell will reach the SCell the same time as they would if the UE was at location A. The PCell can therefore be the timing reference also for SCells.
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Figure 1: Example of moving UE in an RRH scenario.
In RAN2#75 there were a few papers submitted which discussed the timing reference for an SCell, but no online discussion was held. In [2], a concern for using the PCell as timing reference for SCells was mentioned with regards to a scenario where the UE aggregates carriers originating from different geographical locations. It is however our understanding that the PCell can be used as timing reference also in this case, with some special handling for preamble format 4. As preamble format 4 is only used rarely and has some special handling already in current specifications we think that this would be acceptable. As shown in the example below we think such special handling would not need to be complex.
The UE in Figure 2 is configured with PCell on f1 and SCell on f2 and the cell on f2 uses preamble format 4. If the UE transmits a the RA preamble at the time of PCell DL subframe start the preamble might reach outside of the reception window of the cell on f2, such as in Figure 3. However, if the preamble transmission is started at the time of DL transmission the preamble will reach within the reception window, such as in Figure 4. The time of DL transmission, TTx,DL, can be calculated as follows:
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Figure 2: Aggregation of carriers from different physical locations.
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Figure 3: Preamble transmission at time of PCell DL reception.
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Figure 4: Preamble transmission at time of DL transmission.
Based on the above analysis we see no need to change the timing reference for SCells in Rel-11 as using the PCell downlink would still work, just as in Rel-10. It would furthermore seem preferable to use the same timing reference for the RACH timing and for the timing lock of the UL transmission.

Proposal 1 Lock the timing of SCells to the timing of the DL PCell.

We also think that keeping the TA adjustments relative to the last known UL timing, just like in Rel-10, would be straightforward also when we have multiple TA values. The exact details for how TA values should be provided to the different TA groups could be discussed further in RAN2.

3 Conclusion

Based on the above analysis we think that the DL PCell is most suited as a timing reference for all SCells and we propose the following:

Proposal 1
Lock the timing of SCells to the timing of the DL PCell.
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� Note that even a stationary UE has to maintain downlink synchronization by continuously reading reference symbols in order to avoid its clock drifting compared to the eNB’s clock. 
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