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<Start of change>

6.5.3
Time alignment error
Minimum requirement of TAE (Time Alignment Error) should be specified separately for 

-
MIMO or TX diversity transmissions

-
intra-band carrier aggregation with or without MIMO or TX diversity
-
inter-band carrier aggregation, with or without MIMO or TX diversity
6.5.3.1
TAE for specific scenarios of CA
A too large TAE between DL component carriers could cause spread 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.
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 6.5.3.1-1 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 6.5.3.1-2), and UE2 adjust that for the DL transmission timing at the Cell2 (Timing B in Figure 6.5.3.1-2). 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 6.5.3.1-2).

· Allowed TA adjustment accuracy of the Pcell TA value, which is ±4TS from TS 36.133 subclause 7.3 (expressed as (2) in Figure 6.5.3.1-2).
· Uncertainty of the reception time in the UE downlink (expressed as (3) in Figure 6.5.3.1-2). 

· Channel dispersion (expressed as (4) in Figure 6.5.3.1-2).


[image: image2]
Figure 6.5.3.1-2:  2 UEs, Single TA group, 2 DL, 2 UL, colocated, different Pcells

However, the eNB does not necessarily know which carrier comes first. TAE is a relative requirement. This is shown in figure 1 where two UEs both use 2 UL (cells) and are configured to use different carriers a PCells. The eNB transmits the carriers with a relative difference of TAE
In order to limit dispersion of UL reception timings within cyclic prefix length, the following criteria need to be satisfied: 
 2*TAE + 2 × [(1) + (2) + (3)] + (4) < Length of CP
 The following can be  assumed as one example of scenario to caluclate this equation:
· Uncertainty of the reception time in the UE DL is ±9 Ts.
· 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. Taking account the above discussion, the required TAE for intra-band non-contiguous CA was specified as 260ns. The same discussion could be also applied to the inter-band non-contiguous CA, i.e. smaller TAE values than the Rel-10 minimum requirement (1.3us) would be needed for some specific scenarios of inter-band CA.
6.5.3.2 Effect of spread in the arrival times for a high band + low band combination

Moreover for inter band there might exist an extra spread in the arrival times for a high band + low band combination. One example of  ray trace simulations in urban environment estimated this effect to > 16 Ts (0.5 microseconds) for 3% of a simulated UE population. There are many ways you can make assumptions to modify the equation 2*TAE +2*[(1)+(2)+(3)] + (4) < CP to accommodate this effect.
If we add (5) : The extra relative spread in the arrival times for a high band + low band combination = 0.52 µs (16 Ts for 3% of the subframes. 

We assume that UE1 is in a position where it is affected by (5). We assume that UE2 is not affected. UE2 on Cell2 is received at TAE (neglecting all other factors), if there is no knowledge on the sign of TAE it is from -TAE to TAE (therefore 2x). UE1 on Cell2 is received at (5), if there is no knowledge on the sign of  (5) it is from –(5) to +(5). The total uncertainty range becomes -max(abs(TAE), abs( (5) )) to +max(abs(TAE), abs( (5) )).

2*max(abs(TAE), abs( (5) )) + 2*[(1)+(2)+(3)] + (4)  < CP  

Set TAE = 260 ns = 8 Ts, as discussed for non contiguous intra band => (4) = (channel dispersion( < 70 Ts = 2.3 µs
6.5.3.3 The feasibility of dual UL inter band

All assumptions are very pessimistic in the previous calculation. The results are not representing the majority of the UE population, only the tail, when one UE goes to one extreme and another UE to the other extreme.
   The 0.52 µs effect from [3] affects, for example, only a small fraction of the users, less than 3% [3], so almost all UEs in a cell will handle more dispersion than the minimum calculated here.

Large dispersion is more likely in large cells, but at the cell border the UE is limited to + 23 dBm total power for two carriers. The UL link budget will limit full CA bitrates to the central part of the cell area where dispersion problem are less frequent.

If the CP is not enough to cover all the uncertainties and delays then we will violate uplink orthogonally with inter-symbol interference to the own call and disturbances to other ongoing calls. However the links are most likely not lost and the scheduler will step down MCS:s accordingly.

Dual UL with 1 TAG is affected by a an additional uncertainty due to an extra spread in the arrival times for a high band + low band combination, but the impact is probably marginal when it comes to the bitrate of the UE population.

6.5.3.4 What is required to enable dual UL CA UE interband operation in 3GPP rel-10

In release-10 multiple TAG is not available, since that is a 3GPP release-11 function. In that case we need tighter TAE.  260 ns, same as for CA intra band has been proposed.

A band combination has to be developed in and added to TS 36.307 together with relevant requirements.

Dual UL for UE interband has to be developed in general and for relevant band combinations. This development will take place in 3GPP release-12, as decided by RAN plenary.

A 3GPP release 10 UE with one TAG and Dual CA UL is possible, but there are several prerequisites:
 - Dual UE UL developed in general. This will take place in rel-12.
 - Band combination ready for 2 UL. This will take place in rel-12.
 - Developed band combination in approved TS 36.307.
 - Tighter CA interband TAE, 260 ns, or similar, instead of 1.3 µs.
Release-10 UE with one TAG and Dual CA UL is possible, but only after rel-12 dual UE UL work.

<end of change>
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