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1. Introduction

Multiple Timing Advances was studied to meeting certain application scenarios. It was postponed to Rel-11 due the time limit of LTE-Advanced study. The contribution is analyzing the timing difference effect of the MTA and illustrate related problem. MTA is connected with works among different WGs. RAN1 need to start the study to facilitate progress on this issue in several RAN WGs 
2. Possible solutions for propagation difference
In LS from RAN2 [2], some options to address MTA are given. In general, TA calculation scheme is based on the assumption that propagation timing delay on UL direction and DL direction will have no difference or at least the difference is sufficient small. In this contribution, it is still valid that propagation delay for UL and DL direction will be approximated same value. 
Based on study done in Rel-10[3], the propagation timing difference between different frequency bands at the same reception node will be negligible small. It can be referred that propagation timing difference will be less than one TA step (~0.5us) in 97~98% case. For five TA steps, that time difference will be adjusted out completely. For the UL in same carrier band, the frequency gap between UL and DL will be even smaller than that between different frequency bands resulting that the propagation timing difference between the UL direction and the DL direction will be even less than that caused by inter-band. In general, the higher layer solution can solve the timing difference caused by different propagation delay of UL/DL. All those cases are base on typical deployment.
In the LS [2] it state: 

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.

RAN1 should analyze the applicability of the listed assumption and thus derive the conclusion on whether the necessary standard solution should be introduced.
3. Scenarios for timing difference larger than UL/DL propagation delay
It should be noted that timing difference will be much larger than the propagation delay of UL/DL due to the different located sites of aggregated carriers. This is quite different to typical deployment discussed above.
Those time differences of MTA are coming from the different propagation over air or wired line due to the introduction of Repeator/RRH. The figure 1 illustrates the scenarios for using repeater for 1 frequency and both frequencies are jointly used by carrier aggregation. The timing difference for f1 and f2 of UE are highly depending on the location / process delay of repeater.  Thus UE may have problem to estimate timing difference even with the signaling from network about the reference timing difference. In the figure is can be seem that the time difference could range from 0 to 2* Radius of Repeater Coverage. 

[image: image1.emf]f1

eNB UE

Repeater

UE

f2


                                            Figure 1: Scenario of multiple TA with repeater
Figure 2 brings another example. The f1 and f2 carried by different nodes which all are wired connected. Since the delay from in wired line is fixed, the eNodeB can adjust by its signal processing to compensate the delay. How ever, the propagation delay from different sites/frequencies will also depend on the location of UE. The difference should vary up to 1 cell radius. 
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Figure 2: Scenario of multiple TA with RRH
The above scenarios are quite relevant deployment scenarios and will be highly interesting in further enhanced CA. For inter-band carrier aggregation, the coverage for higher frequency is smaller than those for lower frequency. In Rel-10 stage we were only looking for aggregation of carriers and the low frequency are used to ensure the coverage in CA. In Rel-11, it is quite necessary to optimize coverage for all frequency. Since the typical repeater coverage are quite small than RRH. The figure 2 represent upper bond of propagation delay difference between different carriers transmitted in different sites. In case 3 of 1732 ISD, it can be interpreted as ~6 us delay.
4. Proposed solution and compatibility for with other features 
RACH based solution can be used for the time difference delay larger than 1 CP. TA command may need too many command cycle to get the right timing and then the signaling overhead will be quite significant. In case of non-contention RACH, RACH on Scell can be simply realized several options. One is message 2 transmitted on the PCell, In this option, temporary C-RNTI in Message 2 can be replaced by C-RNTI to solve the ambiguity between PCell and SCell. Another is to transmit message 2 on SCell without cross-carrier scheduling, adding blind decodes in common search space. In addition, cross-carrier scheduling from PCell will help to avoid PDCCH interference between different cells but with cost of more blind decodes.
If the parallel RACH is a concern, we can restrict that only one RACH can be transmitted in a sub-frame. With regard of simultaneous RACH and PUCCH/PUSCH/SRS, some prioritization rules can solve it as we did for Power Headroom in Rel-10.
5. Summary
Due to the different located sites of aggregated carriers, it is not sufficient by using TA adjustment in SCell. It should be noted that the standard need support scheme with larger range of timing adjustment to meet the scenarios will be studied in Rel-11.

Specifically on the question raised by RAN2:

RAN2 kindly requests RAN1 to address questions 2, 3 and 4 above and comment on any other issues related to multiple timing advance that RAN2 may not have identified.

With understanding of the scenarios given in the contribution, we conclude as: 

The methods a) and b) listed in the LS [2] would be compatible with anticipated future environments such as CoMP.
However, the calculating timing advance by the methods (a) and (b) would only meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in some of feasible deployment.  More methods are needed to deal with scenarios with larger timing differences.
To adopt a solution based on method (a) or (b) will not reduce much the workload than for adopting the multiple RACH solution in RAN1 since the Rel-10 already have solutions for most of issues related to multiple RACH solution.
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