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1 Introduction

In this tdoc we discuss:

- The format of the TAE vs. CP equation, 

- The feasibility of dual UL inter band and 

- What is required to enable dual UL CA UE interband operation.
2 Discussion
2.1 Format of equation

In [1] and [2] the following relationship between TAE, random uncertainties and systematic differences is used

TAE + 2*[(1)+(2)+(3)] + (4) < CP

Where:

(1) : Quantization uncertainty of TA = ±8 Ts

(2) : The allowed Timing Advance adjustment accuracy of the Pcell TA value = ±4TS from TS 36.133 subclause 7.3.

(3) : 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 [5].

(4) : Channel dispersion, for example EVA with 2.51 µs ( 77 Ts

The normal CP is 144 Ts.

This results in TAE < 25 Ts = 810 ns.
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.
For this case the form of the equation is [4]:

 2*TAE +2*[(1)+(2)+(3)] + (4) < CP  and TAE < 410 ns.

[image: image1]
Figure 1 : TAE vs. CP and uncertainties for 1 TA and 2 UL. The UEs have different PCells.

2.2 Effect of spread in the arrival times for a high band + low band combination

Moreover for inter band there exists an extra spread in the arrival times for a high band + low band combination estimated to > 16 Ts (0.5 microseconds) for 3% of a simulated UE population. This is described in [3]. There are many ways you can make assumptions to modify the equation  2*TAE +2*[(1)+(2)+(3)] + (4) < CP.  
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 in [2] => (4) = (channel dispersion( < 70 Ts = 2.3 µs.

The effect of the an extra spread in the arrival times for a high band + low band combination should be part of any TR 36.808 update. 
2.3 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.
2.3 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.
In theory 3GPP release 10 UE with one TAG and Dual CA UL is possible, but then we need:
 - 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 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.
3 Conclusion
The correct form of the equation is 2*TAE +2*[(1)+(2)+(3)] + (4) < CP  and TAE < 410 ns, since the BS do not know which carrier is transmitted first.

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

In theory 3GPP release 10 UE with one TAG and Dual CA UL is possible, but then we need

- Dual UE UL developed in general- This will take place in rel-12
- Band combination ready for 2 UL. 
- Developed band combination in TS 36.307
- Tighter CA interband TAE, 260 ns, for example, 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.
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