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1 Introduction

Time alignment exists in the release 10 baseline for contiguous intra band carrier aggregation with TAE of 130 ns and intra band carrier aggregation with TAE of 1.3 microseconds.
In [1] we pointed out that there are non-contiguous scenarios where it is more likely that there will be a large frequency separation between sub blocks, larger than the 40-50 MHz we have today for contiguous intra band in 3GPP release-10. Some bands have allocations of 180-200 MHz. This makes the case more similar to inter-band and consequently the requirement for TAE should be in the same approximate range as interband.

From one point of view, time alignment for non-contiguous intra band carrier aggregation is already in release-10. There exists contiguous intra band in the baseline specification already. If one emphasizes the qualifier intra, then intra band non contiguous carrier aggregation is then just another intra band aggregation mode.
In San Francisco different TAE from 130 ns to 260 ns [2] and 1.3 microseconds were discussed, based on the above or similar.
However, we need to consider also the Timing Advance Group configuration and the BS RX performance when we consider the TAE requirement.
2 Discussion
In 3GPP release-10 one TA value was agreed to be enough for the contiguously aggregated UE uplink. In 3GPP release-11 the concept of Timing Advance Group has been introduced. However, as a first application we need to consider the case when all carriers belong to the same Timing Advance Group.
2.1 One Timing Advance Group

If two UEs, UE1 and UE2 belong to a coverage area where two collocated carriers, Cell1 and Cell2, have overlapping coverage for Carrier Aggregation (CA), then the UEs can be configured to use different cells as PCells. 

We assume that the carriers belong to the same Timing Advance Group. The group will include the Pcell in this case. Cell1 is assumed to be Pcell for UE1 and Cell2 is Pcell for UE2. (UE2 is further away than UE1). This means that UE1 will use Cell1 as downlink timing reference and UE2 will use Cell2 as downlink timing reference as decided by RAN2 #76, in San Francisco. The eNB receiver will get the uplinks corresponding to Cell1 frequency from UE1 and Cell1 frequency from UE2 misaligned. If Cell1 and Cell2 downlinks are misaligned with the amount TAE, then this means that the eNB uplink will get an extra uplink time alignment error, of the size TAE, on top of the already allowed tolerances in rel-8 for TA regulation. This will affect the eNB demodulation performance.
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Figure 1:Two UE, one Timing advance groups, different PCells 

The maximum deviation from optimal eNB reception point is affected by a number of factors:
· 
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 is the allowed Timing Advance adjustment accuracy of the Pcell TA value =  ±4TS from TS 36.133 subclause 7.3.
· 
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is the uncertainty of the reception time in the UE downlink. 
This uncertainty is approximately ±5 Ts (90%) in good SNR and ±9 Ts (90%) in bad SNR [3].
Finally, the sum of the errors must be less than Max = (CP - channel dispersion)/2 = ( EVA channel 2.51 µs example) = (144 Ts – 2.51  µs)/2 = (4.69 µs – 2.51 µs)/2 = 2.18/2 µs = 1.09 µs = 33.4 Ts.
This leads to 
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 =>
=> TAE <  33.4 - 8 - 4 -9 = 12.4 Ts = 404 ns.
2.2 Two Timing Advance Groups

If NC CA is configured to use two TA groups then regulation is independent of TAE and a bigger TAE could be specified, in principle. This is also the case already for CA inter band with dual uplink, which has 1.3 µs as requirement.
2.3 Proposal for the core specification update

We believe that it shall be possible to configure one Timing advance group for Non Contiguous intra band CA. This means that the limiting case is the one Timing Advance Group case which restricts TAE to < 404 ns in our case.

A proposal is 260 ns [2] which is a compromise between requirements for intra-band contiguous carrier aggregation and inter-band carrier aggregation in order to have some margin.
6.5.3.1
Minimum Requirement

For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs.
3 Conclusion
For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.
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