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1 Introduction
In this brief contribution we consider some UE issues regarding requirements on
· CC frequency synchronization between carriers and UL frequency errors;
· CC time alignment and obtaining timing advance.

The aim is to list a few band-agnostic issues, some of which are still being discussed by RAN2. We assume the carrier aggregation scenarios agreed at RAN#47 and start by discussing how the UE should derive its uplink CC frequency. 
2 CC alignment
2.1 Frequency accuracy
The frequency accuracy of a UE modulated CC frequency with be specified with respect to a frequency of one DL CC or the frequencies of a set of DL CC. The number of UL CC is less or equal to the number of DL CC. Before discussing the accuracy we consider methods for the UE to derive its UL CC frequency.
Upon detection of a cell the UE has to obtain frequency synchronization. If a secondary CC is activated then frequency synchronization is obtained regarding to this, independent of any other CC. Hence, in case of two active UL CC(s), the frequency accuracy could be specified with regard to the corresponding DL CC, primary and secondary, independently. 
For DC-HSUPA (intra-band, on the other hand, the frequency accuracy is specified with regard to the average of the two Node B cells:
“The UE modulated carrier frequencies shall be accurate to within ±0.1 PPM observed over a period of one timeslot compared to the average of the carrier frequencies received from the Node B. When the signal from one Node B cell is out-of-sync, the UE modulated carrier frequency shall be compared to the remaining carrier frequency received from the other Node B cell. These signals will have an apparent error due to Node B frequency error and Doppler shift. The signals from the Node B must be averaged over sufficient time such that errors due to noise or interference are within the above ±0.1PPM figure. The frequency error of the carrier frequencies received from the Node B shall be the same in average. The UE shall use the same frequency source for both RF frequency generation and the chip clock.”
There is and exception of one of the cells is out-of-sync. The DC-HUSPA approach could possibly also be adopted for carrier aggregation with a similar exception; handling of radio link failure after a number of out-of-sync indications with subsequent re-establishment is potentially only for the primary CC. It may also ne relevant to specify an additional requirement on the frequency with the errors averaged over a longer period.
For heterogeneous networks the control channels including the PSS and SSS might be muted on one of the CC for control channel interference management. This could motivate the specification of the frequency error on each UL CC with regard to the corresponding DL CC independently.
For inter-band aggregation we obviously compare to the corresponding DL CC. For the Rel-10 scenarios this means a requirement in comparison to the primary DL CC.

Before determining the method for specifying the frequency accuracy of the UL CC(s) and the requisite requirements, studies of the BS requirement on the tolerable UE CC frequency error should be carried out. The specification should consider the agreed Rel-10 cases but bearing in mind possible changes of adding further uplink carriers (up to 5 are discussed). 
2.2 Timing
Next we list some options for specifying the timing accuracy. 

For the intra-band case, the UL timing could in principle obtain its timing from any of the DL CC. Once obtained it will receive a timing advance (TA) command from the CC to which it is synchronised, and the UE will make adjustments with regard to its current UL timing. If a secondary CC is activated the UE should maintain the same timing (advance) as the primary CC. 
It appears reasonable to specify the UL timing with regard to the corresponding DL CC frames individually, but the TA accuracy could be specified accounting for the timing of both CC. The timing of two intra-band CC(s) can be different due to the use of relays or RRH, but the working assumption is still that a single TA can be used. This would also require that the drift of the DL CC(s) is not too different, and the timing difference between two DL CC should be kept within a fraction of the cyclic prefix. 
Then the option of using only one CC: specifying timing with respect to the primary CC only could be motivated by the fact that radio-link failure is only monitored on the primary CC. For heterogeneous networks the PSS/SSS may be muted on one of the DL CC or not present as described above, whence the use of one of the DL CC for determining timing and the TA for all UL CC is relevant.
For the inter-band case the TA accuracy on the primary CC could potentially be determined from both CC in case the timing or detected path from one of these is unreliable. 
Similarly to the frequency accuracy, the eNode B tolerance of time misalignment between CC(s) should be studied. The use of a cyclic prefix allows some resilience of timing errors. This flexibility may not be available for e.g. the case of large cells in rural areas but this is perhaps not the most likely case for carrier aggregation.
More stringent timing requirements may be necessary if UL MIMO is used in conjunction with carrier aggregation.































































































































































































































































































































































