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1. Introduction

This document re-discusses the TAE (Timing Alignment Error) requirement for inter-band CA, which is already specified as “1.3us” between component carriers, taking into account the background of agreement on TAE requirement for intra-band non-contiguous CA.
2. Discussion

2.1 Background
In the previous RAN4 meeting, the TAE requirement for intra-band non-contiguous CA was agreed as “260ns” between component carriers [1]. As one of reason why 260 ns TAE was agreed, there was a discussion that an overlarge TAE between DL component carriers would cause overlarge dispersion of reception timings on a UL carrier if single Timing Advance (TA) group is configured to number of UEs, and BS demodulation performance might be degraded as a consequence. As an example, it was observed in [2] that less than 404 ns TAE would be desirable in order to limit dispersion of UL reception timings within normal cyclic prefix length for a specific scenario. 
The followings were taken as assumptions to discuss the above mentioned issue:
· (Assumption 1) 2 UEs (UE1 and UE2) are in a coverage area of 2 overlapping carriers (Cell1 and Cell2) that operate CA.
· (Assumption 2) UE1 is configured with Cell1 as the Pcell, and Cell2 as the Scell. UE2 is configured with Cell2 as the Pcell, and Cell1 as  the Scell.
· (Assumption 3) Both UE1 and UE2 are configured with 2UL/2DL CA.

· (Assumption 4) Both UE1 and UE2 are configured with single TA group.
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Figure 1…Locations of Cells and UEs

With the above assumptions, UE1 adjust UL transmission timing aiming for the DL transmission timing at the Cell1 (Timing A in Figure 2), and UE2 adjust that for the DL transmission timing at the Cell2 (Timing B in Figure 2). Then, the following uncertainties need to be taken into account in order to calculate possible dispersion of reception timings on a UL carrier:

· Accuracy of TA, i.e., ±8 Ts derived from the half of TA unit resolution 16Ts (expressed as (1) in Figure 2).

· Allowed TA adjustment accuracy of the Pcell TA value, which is ±4TS from TS 36.133 subclause 7.3 (expressed as (2) in Figure 2).
· Uncertainty of the reception time in the UE downlink (expressed as (3) in Figure 2). 

· Channel dispersion (expressed as (4) in Figure 2).
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Figure 2:  2 UEs, Single TA group, different Pcells (with some additional information to the original figure in [2])
In order to limit dispersion of UL reception timings within cyclic prefix length, the following criteria need to be satisfied:

 TAE + 2 × [(1) + (2) + (3)] + (4) < Length of CP
 In [2], the following was assumed as one example of scenario to caluclate this equation:
· Uncertainty of the reception time in the UE DL is ±9 Ts [3].

· Channel dispersion is 2.51us (assuming EVA channel)
· Normal CP length which is 144 Ts

Calculated result in the above scenario was TAE < 404 ns. 
2.2 Further discussion for inter-band CA
Although the discussion in [2] was regarding intra-band non-contiguous CA, the same discussion could be considered also for inter-band non-contiguous CA and intra-band contiguous CA. We propose to further discuss the TAE requirement of inter-band CA since it is already specified as 1.3 us from Rel-10 while the TAE requirement of intra-band contiguous CA is 130ns. In order to solve this issue for inter-band CA, the following are possible solutions:
· (Solution A) To configure multiple TA group for case with the above assumption 1, 2 and 3.

· (Solution B) To configure the same Pcells for UEs for case with the above assumption 1, 3 and 4.

· (Solution C) Not to configure more than 1 UL CA for case with the above assumption 1, 2 and 4.
From operator’s point of view, the solution A and B would not be preferable.  The fact that some UEs may not support multiple TA group makes solution A not feasible, and the solution B limit the flexibility of NW planning.  And also the solution C would be undesirable as this limit UL maximum throughput if the operator offer LTE-A service with more than 2 UL CA. Therefore, the following is observed:
Observation:
Also for inter-band CA with more than 2 UL, smaller TAE (such as less than or equal to 260 ns) is preferable.
 Based on the above observation, the following way forward could be considered as an option:
Way forward option 1:
Change the TAE requirement for inter-band CA to 260 ns in TS 36.104 from Rel-10 upwards.

However, it should be taken into account that the difficulty to fulfil smaller TAE requirement might be different for inter-band CA and intra-band non-contiguous CA. For inter-band CA, it could be assumed that different RRH (Remote Radio Heads) are used for different operating bands and accuracy of synchronization between RRHs would need to be considered. Therefore the following way forward also could be considered as an option:
Way forward option 2:
 Keep the TAE requirement for inter-band CA which is 1.3 us in TS 36.104 as this is the minimum requirement. Then add texts of smaller required TAE value of certain scenario in TR36.808 as information.

Both way forwards are acceptable for us as the above required TAE would be different according to the scenarios (e.g. 1UL or more than 2UL, normal CP or extended CP, channel dispersion and so on) and operation with 1.3 us TAE may be possible for some scenarios.
We propose to firstly discuss the above way forward 1 and 2 since the way forward option 1 may also be acceptable for companies. If way forward option 1 is not acceptable, based on the way forward option 2, we propose that texts to address smaller required TAE value of certain scenario in TR36.808 [3] should be added.
3. Conclusion

This document re-discussed the TAE (Timing Alignment Error) requirement for inter-band CA, which is already specified as “1.3us” between component carriers, taking into account the background of agreement on TAE requirement for intra-band non-contiguous CA, and observed as follows:

Observation: 
Also for inter-band CA with more than 2 UL, smaller TAE (such as less than or equal to 260 ns) is preferable.

Based on the above observation, we propose the following way forward options:

Way forward option 1: 
Change the TAE requirement for inter-band CA to 260 ns in TS 36.104 from Rel-10 upwards.

Way forward option 2:
Keep the TAE requirement for inter-band CA which is 1.3 us in TS 36.104 as the minimum requirement. Then add texts of smaller required TAE value of certain scenario in TR36.808 as information.

We proposed to firstly discuss the above way forward 1 and 2 since the way forward option 1 might also be acceptable for companies. If way forward option 1 is not acceptable, based on the way forward option 2, we propose that texts to address smaller required TAE value of certain scenario in TR36.808 [3].
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