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1. Introduction

In this contribution we discuss some aspects related to inter-eNB synchronization of TDM eICIC in general macro - low power cell deployment scenario for LTE FDD. 
3GPP Release 10 introduced Time Domain enhanced Inter-Cell Interference Coordination (TDM eICIC), where a X2 [1] signalled bitmap is used to indicate Almost Blank Subframe (ABS) pattern of an aggressor cell to a victim cell. Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals. An aggressor cell informs a victim cell of certain ABSs in time-domain manner, and based on this information the victim cell can perform an appropriate user scheduling avoiding interference. 
TDM eICIC scheme is based on peer-to-peer coordination and requires low backhaul signalling overhead. In order to manage ABS patterns effectively, time synchronization between eNBs is needed. Technical Specification 3GPP TS 36.401 defines requirements for eNB logical synchronization port, which shall support synchronization for phase-, time- and/or frequency. Logical synchronisation port is defined to provide time traceable to common time reference for all eNBs in synchronised area. This time reference is based on common SFN initialisation time in units of 10ms to match the length of radio frame. However, without coordination the different surrounding E-UTRAN cells may have different SFN initialization times and phase drift.
2. About Need for Inter-eNB Synchronization in LTE FDD
LTE FDD network is designed to work without synchronization between nodes and therefore 3GPP technical specifications don’t recommend a specific synchronization solution to be followed. However, time-domain interference coordination in distributed architectures introduces a requirement for strict time synchronization. 
Different eNBs and different network layers in HetNet can have different master clock sources and quality of synchronization, and therefore also synchronized networks can experience drifting of synchronization. Configuring and maintaining strict synchronization between network nodes would introduce rather complex requirements for distributed network architecture. Continuous synchronization maintenance would be introducing continuous signalling load over X2 interface between macro and low power nodes for tightly coordinated pico deployments. 
Synchronization based on available methods, such as GPS or IEEE1588v2 Precision Time Protocol, are providing needed time synchronization, synchronization recovery and time of day, which are seen fundamental to efficient TDM eICIC operation in Heterogeneous Network. With GPS or IEEE 1588v2, for example, it is possible to time synchronize the individual nodes of a distributed network to a common master synchronization source with accuracy clearly less than 1 ms, and no further initial synchronization between nodes is needed. Therefore synchronization requirements for FDD in terms of RAN4 work are not proposed and TDM eICIC operation can simply rely on the common synchronization source per eNB. 
Observation 1: TDM eICIC performance benefits should be achievable in a network deployment without using any mutual inter-eNB time synchronization requirements, when common SFN initialization time is used.

3. Exchange of Synchronization Information

3.1 Initial Synchronization Information
Following the principles of X2 Application Protocol, it is desirable that interference control functions of the neighboring eNBs exchange appropriate information allowing eNBs make radio resource assignments such that interference is mitigated [2]. Therefore the needed X2 signaling procedures of the control plane between eNBs in E-UTRAN would need to be specified.

In [2] it was proposed to introduce synchronization information exchange between eNBs. Offline discussion in [3] further clarified some aspects related to synchronization exchange proposed in [2]. Main message was that the exchange of synchronization information is not done for the purpose of strict time alignment between eNBs. Instead, it was explained that exchange of synchronization information, e.g. SFN=0 Initialization Time, would be informative between nodes and therefore a low power eNB is not strictly adapted at sub-frame level timing to its peer macro eNB.
Along these aspects, the synchronisation configuration between eNBs is not known via X2, and to address this, in [4], a procedure was proposed where synchronization information could be delivered to peer eNBs using the X2 Setup of Global Procedures. This is sufficient as long as the SFN initialization time doesn’t need to change in TDM eICIC configuration area. Another means of exchanging synchronization information is shown in [5], where a new Synchronisation Configuration Exchange procedure is introduced to X2AP. Benefit with this approach is that the configuration exchange, synchronization maintenance and unexpected conditions can be handled as part of the new procedure. Also the length of existing messages of other procedures would not increase. 

However, considering the Observation 1 and the performance targets of TDM eICIC, it is expected that a strict synchronization to a common time reference can be expected from eNBs in the same interference coordination area, without mutual eNB synchronization. 

Proposal 1: TDM eICIC synchronization information is made available between macro eNB and low power eNBs in its macro footprint without mutual eNB synchronization.

3.2 Frame Boundary Shift for ABS Optimization
In [6] and [7] the interference control aspects of TDM eICIC are analyzed from the HetNet deployment point of view. The protection of common channels and UE measurement restrictions are seen important and an observation is made, where sub-frame level shifting of frame structure between macro and a low power cell is needed. While macro eNBs are synchronized to a common time reference, in this case it would be preferred that a macro node and low power node could manage synchronization via X2 using Frame Boundary Shift (FBS), as explained [6]. 

One way to introduce Frame Boundary Shift information to X2 is to associate that with the proposed Synchronization Information IE, as proposed in [5].  
Another potential approach is to associate Frame Boundary Shift with the ABS Information [1]. When ABS configuration is changed, then potentially also the time alignment between macro and a low power node within its macro footprint could be optimized according to [6]. It is up to implementation how the low power nodes can change their timing in a most efficient way, but for example a traffic steering solution can be used to steer away the UEs attached to the low power node, which needs to go through frame boundary shift procedure to align better to TDM resource partitioning. 
It should be noted that with the subframe shifts using the Frame Boundary Shift, we refer to the low power eNB starting point of the frame structure compared to the macro eNB, such that, e.g. CSG HeNB still operates in a Rel’8/9 compatible manner.
The synchronisation information may be added as part of the ABS configuration. In that case, it would consist of two parts: SFN initialisation time and the SFN frame boundary shift. A CR which proposes such implementation is provided in [9].

Proposal 2: Frame Boundary Shift information is made available between macro eNB and low power eNBs in macro footprint for TDM eICIC using X2 procedures.

4. Discussion and Concluding Remarks
In this contribution we have discussed about the TDM eICIC synchronization aspects and presented a potential way of synchronizing the macro nodes and low power nodes in their footprint in order to align the time-domain muting patterns in an optimum way. We have made an observation where application of TDM eICIC is available to the existing LTE FDD networks without additional synchronization requirements.
Observation 1: TDM eICIC performance benefits should be achievable in a network deployment without using any mutual inter-eNB time synchronization requirements, when common SFN initialization time is used.

Based on the analysis in this paper, we propose the following:
Proposal 1: TDM eICIC synchronization information is made available between macro eNB and low power eNBs in its macro footprint without mutual eNB synchronization.

Proposal 2: Frame Boundary Shift information is made available between macro eNB and low power eNBs in macro footprint for TDM eICIC using X2 procedures.

The proposals are implemented in a CR provided in [9].
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