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1. Introduction 
Small cell enhancement is identified as one of the most important topics on R12 and onward. The synchronization between the small cells is beneficial to enable an efficient operation across the small cell layer. In the RAN1 73rd meeting [1], the following conclusions were made:
· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline

· Send an LS to RAN3 to inquire whether current standardised support for network listening can be applied to FDD –R1-132795 – for email discussion until Friday 7th June (Peter to discuss first with Elean and propose a new starting point for the discussion). 

· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
In this contribution, we provide some discussion and assessment on the network listening based and UE assisted synchronization in section 2 and 3, respectively. The conclusion is made in section 4.
2. Network listening based synchronization
In this solution, the small cell could acquire the synchronization from the other cells including macro and other small cells by listening to downlink signals transmitted in other cells. In this solution, as shown in Figure 1 (a), single hop synchronization is the common case when a small cell could synchronize with a cell (macro or small cell) with primary synchronization source. This could happen if small cell is in coverage of macro cell or close to another small with primary synchronization source. However, when a small cell cannot acquire synchronization from a primary synchronization source such as the macro-cell or other cells, e.g., with a GPS , then multiple hops synchronization may be needed . This concept was introduced and studied in [2]. As illustrated in Figure 1(b), a HeNB2 is synchronized with  HeNB1 which in turn is synchronized with  eNB .
In the case of multi-hop synchronization, synchronization status and synchronization stratum should be introduced to facilitate the selection of the synchronization source cell. The synchronization status is an indication of a cell being synchronized to a stable synchronization source or not. The synchronization stratum of a particular eNB is defined as the smallest number of hops between the eNB (e.g., small cell) and a node (e.g., macro or small cell) with stable synchronization source, e.g., GPS source. 
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Figure 1: Network listening based synchronization
The synchronization status and the stratum level are critical information for a new small cell to select the synchronization source. For example, if a small cell could see two other small cells, both are synchronized but with different stratum level, it may be better for it to select the one with lower stratum level to synchronize with as that could lead to more accurate synchronization.   In order to support this, in [2] a signaling “Time Synchronization info” IE is defined to be transferred from the MME to the HeNB for the purpose of network based synchronization in TDD system. In R12 small cell scenario, because a large number of small cells may be deployed, using signaling between MME and eNB for this purpose may cause too much backhaul signaling overhead and bring large impact on the core network (CN). Thus, utilizing the air interface or other means to convey the synchronization information among eNBs could be considered.

 Proposal 1:

· Utilizing the air interface or other means to convey the synchronization information such as the synchronization status and stratum level could be considered.
As TDD system has more stringent requirement on synchronization, it is natural to achieve more tight synchronization for a TDD system, which was studied in [2].  However, it is also beneficial to achieve synchronization among small cells for an FDD system because some operations in small cell scenario such as dual connection, CoMP, CA and interference coordination may heavily rely on the synchronization among small cells. An LS [3] has been sent to RAN3 to check if existing network listening based solution could be extended to the FDD system. In the TDD system, the small cell could track the synchronization utilizing the DL subframes that are common for both synchronization sourcing cell and small cell to be synchronized. For FDD system, a separate DL receiver at the small cell is needed for the small cell to achieve and track the synchronization based on DL signals from another cell   .

Proposal 2:

· An additional DL receiver is needed at the small cell for the purpose of tracking the synchronization
3. UE assisted synchronization
In this solution, the synchronization between a sourcing cell and a small cell could be achieved with  UE’s assistance. In one alternative, the UE could calculate the gap of the arrival timing of signals from the sourcing and small cells and report this information to the small cell as illustrated in Figure 2. The small cell could adjust its DL transmit timing based on the UE’s report. In the other alternative, the sourcing and small cells could calculate the gap of the UE’s UL timing. The small cell could adjust its DL timing based on some backhaul coordination assuming ideal backhaul is used.

[image: image3.png]Synchronization
information




Figure 2: Illustration of a UE assisted synchronization

This solution needs the UE’s involvement. However, not all the UEs have the capability to achieve this. For example, some legacy UEs may not able to calculate the timing gap and report the synchronization information to the small cell. Meanwhile, the accuracy achieved by this solution is doubtable as this depends on the accuracy of the sync tracking at the UE side as well as the signalling exchange between the UE and small cell. 
A brief assessment to the network listening based and UE assisted synchronization solutions is presented in the table below:

Table 1: Comparison of the synchronization solutions
	
	Network listening based synchronization
	UE assisted synchronization

	Achievable sync accuracy 
	Depends on the number of hops and accuracy of the tracking at eNB side
	Depends on the accuracy of the tracking at the UE side and information exchange between UE and eNB

	Resource overhead
	· Resource reserved for the purpose of tracking
· Backhaul signaling
	· Resource to trigger the UE’s action
· Resource to report the gap

· Possible backhaul signaling

	Complexity
	Additional receiver is needed for FDD at small cell
	Additional UE complexity and behavior

	Standard impact
	Backhaul signaling, or signaling at air interface
	· New signaling to trigger the UE’s action
· UL signaling to report the time gap
· The backhaul signaling


Proposal 3:

· The synchronization accuracy may not be guaranteed utilizing the UE-assisted synchronization solution
· More  standard work may be  needed for the UE-assisted synchronization solution

4. Conclusions

In this contribution, we discuss the feasibility of the network listening and UE assisted synchronization solutions. We have the following proposals based on our analysis:
Proposal 1:

· Utilizing the air interface or other means to convey the synchronization information such as the synchronization status and stratum level could be considered.
Proposal 2:

· An additional DL receiver is needed at the small cell for the purpose of tracking the synchronization 
Proposal 3:

· The synchronization accuracy may not be guaranteed utilizing the UE-assisted synchronization solution

· More  standard work may be  needed for the UE-assisted synchronization solution
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