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1 Introduction

In the LS from RAN2 [1] it is stated that RAN2 is also considering an alternative approach in which the UE calculates the timing advance of SCells that do not have the same timing advance as the PCell based on the timing advance of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE [2, 3].
This contribution analyses the TA calculation scheme as described in [2, 3] and provides answers to the questions in the LS.
2 Discussion
The TA calculation scheme relies on the fact that it is possible to let UE get the UL TA on SCell deployed using e.g. RRH, based on the value on PCell and the DL reception timing difference between PCell and SCell. 
Figure 1 below is taken from one of the references in the LS [3].
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Figure 1, example of timing relationship between PCell and SCell

As stated in [3], from the figure 1, we could get the TA on PCell and SCell as: 
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From above we can further derive that the timing advance on SCell is: 
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In the following sections this scheme is analysed from different points of view. The most important aspect is the uncertainty of the TA calculation scheme, but also the flexibility and adaptability to different use cases is discussed.
2.1 Uncertainty
The uncertainty in 
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. This can be expressed as follows: 
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 EMBED Equation.3  [image: image9.wmf]
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 is the uncertainty of the Pcell TA value. This uncertainty is the same as in 3GPP rel-10. The optimistic uncertainty is ±4TS based on the allowed UE error. (The TA step size is 16 TS).
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is the uncertainty of the relative reception time in the UE of the Pcell and Scell downlinks. 
This uncertainty is approximately ±5 Ts (90%) in good SNR and ±9 Ts (90%) in bad SNR [4].
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is the uncertainty of the relative transmission timing of the Pcell and the Scell. This is the same thing as the time alignment uncertainty. The time alignment uncertainty is 1.3 microseconds for CA interband in 3GPP release-10. This can be translated into TS units (1ms/32720) to 40 TS.
This means that the uncertainty in the TA value, 
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The uncertainty becomes ±(4 + 2*9 + 2* allowed_time_align_ measurement _error) TS = 
= ±(22 + 2* allowed_time_align_error) TS if the time alignment value is signalled. 
The legacy accuracy will not be fulfilled in any case, even if time alignment is signalled, since an optimistic error analysis shows that the uncertainty is bigger than one TA step of 16 TS.
Moreover, the requirement to signal time alignment, in order to reduce the uncertainty of the TA calculation scheme, introduces a new requirement onto legacy eNodeB equipment.
2.2 Uplink only

The TA calculation scheme relies on a downlink. This rules out any uplink only cells in the future. The RACH based procedure, extending current rel-10 methods would be compatible with such a future use case.
2.3 One way repeaters
The RACH procedure is compatible with one way repeaters. The initial RACH and subsequent timing advance adjustments would work as before. The only side effect of a one way repeater, from a TA point of view, would be a loss of processing budget for the UE. 
The TA calculation scheme, however, relies on that the delay in UL equals the delay in DL and would not be compatible with one way repeaters.
2.4 Answers to LS in questions
1.
RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values. 

Timing advance calculation using time difference measurement is not compatible with one way repeaters. A RACCH based procedure is compatible with one way repeaters. RAN4 does not foresee any immediate use case of this type, but they should not be ruled out by the standard.
2.
RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

3.
RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.  

The accuracy of the timing advance calculation using time difference measurement schemes (a) and (b) are not fulfilling RAN4 requirements of  ±8 TS (16 TS step size). The degradation in accuracy compared to release-10 depends on the error of Pcell and Scell arrival times in the UE, especially in low SNR environments and the time alignment of the eNodeB. This is true, at least for the initial values, even if the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs, like in (b).
4.
RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.

RAN4 response to question 4: The workload in RAN4 is not a main factor deciding between RACH based or TA calculation based methods. 
   The deciding aspects are technical aspects, like the higher uncertainty of the difference measurement based solution. The fact that the timing advance calculation using time difference measurement schemes does not work when it comes to one way repeaters and UL only cells are other concerns, even if RAN4 does not foresee any immediate use case of this type, they should not be ruled out by the standard.
3 Conclusion
The accuracy of the timing advance calculation using time difference measurement schemes are not fulfilling RAN4 requirements of ±8 TS (16 TS step size). This is true, at least for the initial values, even if the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.
The uncertainty becomes ±102 TS or ±(22 + 2* allowed_time_align_ measurement _error) TS if the time alignment difference is signalled. The uncertainty is under all circumstances bigger than ±8 TS (one TA step of 16 TS).
The deciding aspects are technical aspects, like the higher uncertainty of the difference measurement based solution. The fact that the timing advance calculation using time difference measurement schemes does not work when it comes to one way repeaters and UL only cells are other concerns, even if RAN4 does not foresee any immediate use case of this type, they should not be ruled out by the standard
The RACH method is trivially fulfilling any accuracy requirements and it is robust when it comes to any future use cases regarding one way repeaters and UL only cells.
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