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1. Introduction 

     In RAN1#62bis meeting, the following way forward on time-domain extension of Rel 8/9 backhaul-based ICIC was agreed and a liaison statement was sent to RAN2, RAN3 and RAN4 [1][2].

     For the Macro-Pico scenario, with regard to the X2 signalling, 
· A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell
· Pattern period: 
· FDD – 40ms

· TDD – 20ms for DL/UL configuration 1~5, 70 ms for DL/UL configuration 0, 60ms for DL/UL configuration 6

· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals
· One bitmap indicates the subframes which are ABS
· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signalling (details below) 

· Trigger: aperiodic, event-based

· New IE to indicate ABS pattern and number of CRS ports over X2 is recommended to RAN3

· This should not affect existing Release 8/9 X2 RNTP, HII and OI IE definitions
     For the Macro-Femto scenario, the following way forward was agreed in RAN1 #62 meeting [3].

· Macro-Femto:
· Baseline

· No backhaul coordination (X2, S1)

· Reflects RAN3 status
· Time-domain/power setting solutions

· Support for restricting RLM/RRM/CSI measurements at the Rel-10 UE to certain resources

     In both Macro-Pico and Macro-Femto scenarios, it was assumed that downlink frame timing between eNB and UE are synchronized with high accuracy, where eNB refers to Macro eNB (MeNB) and Femto, and UE refers to Macro UE (MUE) and Femto UE (FUE).
     However, Femto and MeNB timing synchronization issue, which is essential to current eICIC schemes, has not been discussed in previous RAN1 meetings. 
     In this contribution, we propose a Femto and MeNB DL/UL timing synchronization scheme for FDD Macro-Femto scenario using contention based RACH procedure, which can also be used in Macro-Pico scenario.
2. Femto and MeNB DL/UL frame timing synchronization
2.1 Proposed Scheme

     The main approach of this scheme is:

A) Femto implements receiving and part of transmitting functions of MUE.

B) Femto acquires frame timing to the most aggressive MeNB DL/UL through contention based RACH procedure. 
     Figure 1 shows the timing chart of the proposed scheme. The detailed procedure is described as following steps:
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Figure 1 Timing diagram of proposed scheme
Step 1: 
A) Femto makes a tentative decision of MeNB DL/UL subframe timing following the same procedure as RRC_IDLE MUE, i.e., Femto listens to P/S-SCH and PBCH from the most aggressive MeNB and acquires its PCID and DL subframe timing. 

B) Femto listens to SIB from the MeNB and acquires its PRACH configuration. 

C) Femto measures DL path loss from MeNB to Femto and decides preamble initial transmission power.
Step 2: 
     Femto sends a random access preamble at cell-specific PRACH subframe of MeNB as if it were an RRC_IDLE MUE. If MeNB detects the preamble correctly, it measures timing difference between its own UL subframe timing and preamble reception timing. After that, MeNB returns Random Access Response (RAR) to Femto that contains timing advanced (TA) command.
Step 3: 
     Femto decodes the RAR and acquires TA command. After that, Femto adjusts its own UL subframe timing based on the TA command. Return of Msg 3 is not needed here, because the purpose of this procedure is to acquire TA command from MeNB. 

     Figure 2 shows the subframe timing of MeNB and Femto after the above steps. 
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Figure 2 Subframe timing of MeNB and Femto
2.2 Example of Proposed Scheme
     Figure 3 shows an example of proposed scheme. Here, we assume Femto and UEs (MUE1, MUE2 and FUE) are located in the MeNB coverage area. MUEs are RRC_CONNECTED_UE of MeNB and FUE is RRC_CONNECTED_UE of Femto respectively. MUE1 which is in close proximity of Femto interferes with DL/UL communications between Femto and FUE. MUE2 is located far away from Femto so it does not interfere with Femto-FUE communications.
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Figure 3 Example of Proposed Scheme
     Figure 4 shows the DL/UL subframe timing of this example.
     FUE decides its DL subframe timing by P/S-SCH and PBCH from Femto. The distance between Femto and FUE is very near so DL Femto and DL FUE subframes are the same timing. Because TA command from MeNB is zero, UL Femto and UL FUE subframes are also the same timing.
     MUE1 decides its DL subframe timing by P/S-SCH and PBCH from MeNB. In radio speed point of view, the distance between MeNB and Femto (DMeNB-Femto) and the distance between MeNB and MUE1 (DMeNB-MUE1) can be regarded as the same distance. So both DL/UL subframe timings of MUE1 are the same as Femto’s subframe timing.
     MUE2 also decides its DL subframe timing by P/S-SCH and PBCH from MeNB. Because DMeNB-Femto and DMeNB-MUE2 might not be able to be regarded as the same distance, both DL/UL subframe timing of MUE2 will not be the same with that of Femto, FUE and MUE1.  However, MUE2 is located far from Femto, so subframe timing difference between MUE2 and Femto does not interfere with each other.
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Figure 4 Subframe Timing Example
3. Conclusion
     In this contribution, we propose a FDD MeNB-Femto DL/UL frame timing synchronization scheme, in which Femto implements receiving and part transmitting functions of MUE and acquires DL/UL flame timing to the most aggressive MeNB through contention based RACH procedure. The proposed synchronization method is easy to implement, and has no impact on current LTE Rel-8/9 specifications.
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