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1 Introduction
In Rel-10, single TA (Timing Advance) was adopted and it was concluded that multiple timing advances are necessary in the inter-band aggregation scenarios with RRH and repeaters [2]. Multiple TAs were discussed in RAN2 #73bis meeting [1] in Rel-11 Work Item of Carrier Aggregation. In the LS from RAN2 [3], a mechanism for the UE to calculate a different TA autonomously for SCells is considered. Two possible variants of this approach have been identified in the LS:
a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the measurement of the timing difference between the downlink reference signals of the PCell and the Scell(s). There would be no timing advance adjustments provided by the network.

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.

For the proposed methods, RAN1 was asked to respond to the following questions:
1. RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

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.  

3. 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.
2 Discussion

Two scenarios with inter-band carrier aggregation which are corresponding to the band selective repeater and the RRH are shown in Figure 1(a) and 1(b), respectively. As the uplink signals in different carriers experience different propagation delays, multiple TAs should be configured for different carriers. 
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 Figure 1 (a): Multiple TAs for band selected repeater scenario        Figure 1 (b): Multiple TAs for RRH scenario
For both methods (a) and (b) in the LS, the UE is required to measure the timing difference of the downlink reference signals between the PCell and the SCell(s), and the downlink timing difference could be used for uplink timing difference between uplink PCell and the SCell(s). Then, the UE can calculate the TA value for the SCell based on the PCell’s TA value automatically, as shown in the following formula.
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2.1  Calculation scheme
To investigate the feasibility and robustness of the above methods, the factors which may impact the accuracy of automatically calculated TA need to be identified. 
· Influence of TAE (time alignment error) 

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined in RAN4 as the largest timing difference between any two downlink signals. According to [5], for inter-band carrier aggregation, the range of TAE shall not exceed 1.3 μs. The tolerance of the TAE could impact the accuracy of calculated TA.

In carrier aggregation, a cell is configured as PCell or SCell in a UE-specific manner. If the autonomous TA estimation method (a) or (b) is adopted, for a certain CC, the TA values is generated automatically by the UE with the CC configured as SCell, and the TA values are signalled by the eNB directly for the UE with the CC configured as PCell. For a certain CC, the accuracy of uplink timing could be different among UEs due to the different methods for TA determination. As illustrated in Figure 2, CC2 is configured as the SCell for UE1, and CC2 is configured as the PCell for UE2. TA_PCell1 is UE1’s TA value on the PCell (CC1). 
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Figure 2: UL arival time difference between two UEs due to different methods for TA determination 
For the considered two inter-band carriers, we investigate the difference of arrival time on CC2 between UE1 and UE2. In Figure 2, the blue line indicates the TA procedure of UE1 and the red line indicates the TA procedure of UE2. For UE2, the TA adjustment is based on CC2 directly. For UE1, the TA value for CC2 is obtained according to formula (1), where the TDL_difference (= CC2_Rx - CC1_Rx) is the arrival time difference between CC1 and CC2. The downlink timing difference includes two important parts: transmission delay difference between CC1 and CC2, and the TAE between two downlink carriers. These two parts cannot be distinguished by the UE. Therefore, the TAE value will be treated as path delay by UE1 and the tolerance of the TAE will impact the accuracy of the calculated TA value.
· TA quantization error
The TA command could indicate the change of the uplink timing relative to the current uplink timing by multiples of 16
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. This adjustment granularity also impacts the time difference between UEs, i.e. 2x16
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(2x0.52μs).
· uplink transmitting time error
The UE could determine its transmission time according to the received downlink frame. Thus the error of UE Rx-Tx time should also be considered. We follow the requirements in [4] that the accuracy is ±20
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(2x0.65μs) for BW<=3MHz (±10TA for DL BW>=3MHz). Although the requirement is defined for (AOA+TA) positioning, it is can also be used here as a reasonable reference. 
Based on the above analysis for the factors which may impact the accuracy, the bias of automatically calculated TA can reach (1.3+2
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0.65) µs=3.64µs.
2.1.1 Method (a)

For method (a), the whole procedure is completed by UE, which can be considered as “open-loop” TA adjustment. The eNB cannot provide any uplink timing adjustment information even the received time in SCell is not proper. 
As described in Rel-8 [6][7], the inaccurate timing between UE signals could result in interference between adjacent sub-carriers. The performance deteriorates rapidly when the timing accuracy exceeds ±0.52 µs. However, the above analysis shows that uplink performance deterioration of method (a)would not be acceptable since the bias of the UL timing between different UEs could reach 3.64µs.
With the initial analysis, we can conclude that method (a) cannot provide enough accuracy for TA estimation for the SCell in the inter-band CA scenario. 
Observation 1: Method (a) cannot provide enough accuracy for automatically TA estimation for the SCell in the inter-band CA scenario.
2.1.2 Method (b)
The property of method (b) is that the network can provide periodic time alignment adjustments for the SCell using Timing Advance MAC CEs. We consider that method (b) could be divided into two phases. In the phase 1, the method (a) is used to estimate the SCells for initial TA value after SCell is configured. In the phase 2, the timing adjustment is provided by the network, the maintenance of uplink synchronization procedure is similar with Rel 8/9.
Thus for method (b), if uplink arrival signals adjusted by the automatically calculated initial TA value in phase 1 can be captured efficiently by eNB, which means that the uplink signal arrives at eNB within the CP length, the eNB can then provide TA adjustment for the SCell in the following uplink transmission and the timing accuracy could be guaranteed within one TA granularity (16Ts). 
So the key issue of method (b) is that whether the uplink signal can be captured by the eNB efficiently with the initial TA value calculated by UE, which is upon RAN4’s analysis.. 
Observation 2: Method (b) would meet the accuracy and robustness requirements, if the uplink arrival time based on the initial TA can be restricted within the CP length around the eNB’s timing, which is upon RAN4’s analysis.
2.2  CoMP compatibility analysis
For the question “whether the methods would be compatible with anticipated future environments such as CoMP.” 
We have a variety of different understandings on this sentence, for example, 
Alt1: Whether the methods can be reused for the TA estimation in the CoMP scenario.

Alt2: Whether the methods can be reused for SCell TA estimation for inter-band CA-based CoMP scenario.

The possible scenario of CA-based CoMP has not been discussed in RAN1 yet. At current stage, we think RAN2 LS requested RAN1 to analyze whether the methods could be reused for TA calculation regarding to non CA-based CoMP scenario.

In some CoMP scenarios, the method(a) and (b) may not be adopted, for example, if the same cell ID is assigned for RRHs and Marco cell in CoMP scenario 4. The UE could not obtain the DL time difference between serving cell and cooperative cells since the UE cannot distinguish the DL signal with same cell ID. In the other CoMP scenarios, the methods descried in the LS may be feasible when each cell has different cell ID, if the accuracy could fulfil the requirement.   
It is suggested to consider TA determination for CoMP and CA scenarios independently since more study on TA for CoMP is needed for various CoMP scenarios.

 Observation 3: The method (a) and (b) may work in some CoMP scenarios but may not work in others. It is suggested to consider TA determination for CoMP and CA scenarios independently. Further investigation on TA determination in CoMP may be needed.
2.3  Work load for R11

For the considered two automatic TA estimation methods, the UE would send uplink signals on the SCell without PRACH procedure. Thus further investigation may be required for uplink power control on SCell. For example the transmitting power determination for initial PUSCH or SRS transmission. It would  result in some extra work for Rel-11.
Observation 4: Additional work on investigation for uplink power control may be needed if method (a) or (b) rather than the multiple RACH solution is adopted.
3 Proposal and conclusion

In this contribution, we provided our analysis on timing advance calculation using time difference measurement. And provide the following conclusions:
· Method (a) cannot provide enough accuracy for automatic TA estimation for the SCell in the inter-band CA scenario.

· Method (b) would meet the accuracy and robustness requirements, if the uplink arrival time based on the initial TA can be restricted within the CP length around the eNB’s timing, which is upon RAN4’s analysis.
· As the methods described in the LS are used for the scenario with inter-band CA, it is not quite clear to RAN1 how it is applied in CoMP scenario.
· Additional work on investigation for uplink power control may be needed if method (a) or (b) rather than the multiple RACH solution is adopted.
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