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1 Introduction

RAN2 is investigating how to control UE multiple timing advances in CA where the scenario 4 and 5 are typical applications.  In R2-113653, RAN2 informs RAN4 the following information:
RAN2 is 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. 

Two possible variants of this method have been identified:
a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b. The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.
RAN2 ask RAN4 to consider these two issues:
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. 

2.
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.  
In this contribution, we discuss these issues.
2 Discussion
2.1 Repeater deployment
In general, the deployment of scenario 5 in CA is the as figure 1.
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Figure1 repeater case of multiple TA

RAN2 wonders whether the downlink-only or uplink-only repeater should be considered. Herein, the downlink-only repeater means using repeater to send DL data while using macro eNB to receive UL data of the same carrier. The uplink-only repeater means using macro eNB to send DL data while using repeater to receive the UL data of the same carrier.  From the network planning and optimization perspective, both scenarios are caused by the uplink and downlink coverage imbalance of macro eNB, and these should be avoided in the practical scenarios. Thus from our understanding, these cases are corner cases.
2.2 TA accuracy
2.2.1 For Method (a)
The timing relationship between PCell and SCell is illustrated as Figure 2. Black lines indicate the Pcell time advance procedure and the red lines indicate the Scell time advance procedure.
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Figure 2  example of timing relationship between Pcell and Scell
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where delta1 equals DL transmisson delay difference between Pcell and Scell detected by UE and the time alignment accuracy requirement between interband carrier[1]. Deta2 equals UL transmisson delay difference between Pcell and Scell detected by UE. The DL/UL transmission delay between Pcell and Scell includes the propagation delay and the RRH/Repeater processing delay.
RAN2 has the assumption that the delay difference in UL is quite similar with DL of Pcell and Scell. Based on the TA value of PCell, UE calculates the timing advance of SCells based on the timing advance of the PCell and the downlink timing difference between the PCell and the SCell which is measured by the UE (i.e.,
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). The deduction omits the time alignment error (TAE) between two interband carrier in eNB[1], i.e., 1.3us (40Ts).
The accuracy of method a) includes three parts: TA accuracy of PCell, accuracy of DL time difference on Pcell and Scell and the time alignment error between two carriers:

--TA accuracy of Pcell: TA accuracy includes two parts as formular (1) shown: 
·  accuracy of
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is 20Ts (downlink bandwidth ≤ 3 MHz) and 10 Ts(downlink bandwidth ≥ 5 MHz)[2]
·  accuracy of 
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 can be regarded as that of
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thus the TA accuracy of Pcell can be estimated as 40Ts (downlink bandwidth ≤ 3 MHz) and 20 Ts(downlink bandwidth ≥ 5 MHz).

--Accuracy of DL time difference on Pcell and Scell(
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The accuracy of UE Rx is 13Ts which is the maximum value given in[R4-100340]. Thus 
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can be two multiple of 13Ts(2
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13Ts=26Ts).
-- TAE between two carriers: It is 1.3us(40Ts)[1]

Based on the analysis, the accuracy of method (a) can reach (40+2
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26+40)Ts=132Ts(4.3us). Taking channel multiple path spread into account, the error would cause ISI. This is quite a pessimistic estimation. Actually the TAE of eNB between two CC would be less than 1.3us. And in the above calculation, we reuse the accuracy for UE Rx-Tx in TS36.133, where we use some generic algorithm. If the optimized algorithm was used, the accuracy would be improved. So it could be expected that the actual accuracy would be less than 4.3us. 
2.2.2 For method (b) 
For method (b), the UE uses method(a) for SCells for initial TA value. For Scell timing adjustment, the network can provide time alignment adjustments for the SCell using Timing Advance MAC CEs. Thus for method (b), the initial TA accuracy is the same as method (a) and the TA accuracy in adjustment procedure is similar with rel-8/9. 

3 Conclusion
The contribution analyzes timing advance calculation using time difference measurement. The reply of R2-113653 is drafted as follows:
[RAN2 Question]: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. 
[RAN4 Response]:  The deployment of uplink-only and downlink-only repeaters is the corner case, and there is no need to be considered for the deployment requiring multiple timing advance values.
[RAN2 Question]: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.  
[RAN4 Response]: The accuracy of method (a) is up to 4.3us. However this is quite a pessimistic estimation and it could be expected that the actual accuracy would be less than 4.3us. For method (b) , TA accuracy in adjustment procedure is similar with rel-8/9 which can meet the TA accuracy. The robustness of methed (b) is better than method (a).
We also provided a draft LS reply on timing advance calculation using time difference measurement in [R4-113451].
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