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1 Background
Here is another look at time- and frequency error between UL CC: to arrive at a requisite minimum requirement for the UL timing alignment error between UL we first look at the recent RAN2 decisions. For the single Timing Advance Command common to the PCC and SCC, RAN 2 decided that
· the TA Command received in a Random Access Response is relative to the downlink timing of the PCell (the serving cell)
· timing adjustments received in a TA Command MAC control element are relative to the current uplink transmission timing

on top of Rel-8/9 behaviour [1]. This means that the Rel-8/9 timing characteristics directly apply to the PCell, i.e. the PCC. For the SCC, the guidance could be the alignment error acceptable for a common FFT with a view no to consume too much of the CP. The TA granularity then suggests itself as a suitable measure.  

For the frequency errors of the uplink PCC and SCC it is tempting to adopt the DC-HSUPA requirements, but one should also look at possible changes in releases beyond Rel-10. But we look at the timing error for Rel-10 first.
2 The UL timing error
We can turn directly to the intra-band case for the PCC timing behaviour implies that the uplink timing for inter-band aggregation for Rel-10, also with RRH, follows immediately from the Rel-8/9 timing behaviour. 

The eNode B can configure an SCell at any time. It is reasonable to require that, before any UE transmission is allowed on the corresponding SCC,
· the initial UE transmission timing needs to be aligned with the UL transmission timing of the PCC.
Any TA command received after this initial alignment should also be applied to the SCC. The initial command received in the Random Access Response is applied relative to the downlink timing of the PCC also for the SCC. The subsequent commands received in the TA Command MAC Control Element should then be 
· applied relative to the current uplink timing of the SCC.

For the PCC timing characteristics, the UE transmission timing error with regard to the received PCC downlink frames could be in accordance with the Rel-8/9 characteristics specified in TS.36.133. Given the PCC timing, the procedure above then suggests that the SCC mis-alignment with respect to the PCC timing should at least be less than the timing within the time granularity of the TA commands.  
An SCC timing misalignment with respect to the PCC uplink timing that is less than the TA granularity is also motivated by the option to use a common FFT for the CC(s) in the eNode B; this in order not to consume too much of the Cyclic Prefix. For Rel-8 operation, the received uplink signals from two different UE(s) at the FFT should ideally be within the TA granularity after appropriate uplink timing (autonomous) adjustments, see the lower part of Figure 1 that shows the timing relation between two Rel-8 UE(s). The TA granularity is 16Ts that is about 1/10 of the length of the normal CP (the shaded grey area in Figure 1). Now, for Rel-10, the uplink timing misalignment of the PCC(s) received from two different UE(s) should likewise be less than the TA granularity with a common FFT for both CC(s). Any misalignment between the PCC and the SCC transmitted from each of the UE (denoted Te in Figure 1) will then add to the total time dispersion and leave less for remaining delays to be accommodated by the CP length. 
For DC-HSUPA the timing alignment requirement is 195 ns, less than half of the TA granularity of E-UTRA. The TA procedure proposed above and the option to use a common FFT in the eNode B suggest the misalignment should not be larger for intra-band carrier aggregation.
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Figure 1: timing misalignment between two Rel-8 UE(s), and the corresponding for two Rel-10 UE(s) with both PCC and SCC activated.
Hence we propose that
· the timing characteristics of the PCC is specified accordance with Rel-8/9 (with a PCC downlink reference)

· the uplink timing misalignment between the PCC and SCC should be less than 195 ns

In releases beyond Rel-10, inter-band carrier aggregation in the uplink or intra-band with RRH necessitates separate TA commands and possibly additional timing alignment requirements. However, the above is applicable to intra-band aggregation with RRH using common-origin. 

3 The UL frequency error
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 briefly 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 SCC is activated then frequency synchronization is obtained regarding to this, independent of any other CC. The SCC can also be deactivated, in which case the synchronization would be based on the PCC. In case of two active UL CC(s), it therefore appears reasonable to specify the frequency accuracy with regard to the corresponding DL CC(s), 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 for this 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 only available for the PCC. It may also be 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 again motivates a 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 DL PCC. 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). This would be straightforward with a specification of the frequency error on each UL CC with regard to the corresponding DL CC.

In any case, before determining the requirement on 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. A sensible requirement is that frequency accuracy should at least be better than the maximum Doppler. 

4 Proposal

In view of the use of a single TA command for the CC(s) in Rel-10 and the option to use a common FFT in the eNode B for intra-band aggregation in the uplink, we propose to

· specify the timing characteristics of the PCC in accordance with Rel-8/9 (with a PCC downlink reference)

· require an uplink timing misalignment between the PCC and SCC less than 195 ns, i.e. not worse than the corresponding DC-HSUPA requirement.

This should work for uplink intra-band carrier aggregation of CC(s) with common origin, also for more than two CC (s).
For the frequency accuracy, a preference for specification of the frequency accuracy of the UE uplink CC independently.  Studies of the eNode B requirement on the tolerable UE CC frequency error should be carried out first before deciding if the route of the DC-HSUPA methodology should be abandoned. 
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