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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 previous study, radio based synchronization is considered to be a promising way to achieve the synchronization in the absence of GNSS and backhaul. Two methods named network listening and UE-assisted solutions are proposed. In RAN1 74th meeting, it is captured in the TR 36.872 [1]:

Further study on the solutions of radio-interface based synchronization includes

· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

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  an 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 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 accuracy 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 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.
There are different ways to transmit synchronization stratum via air-interface.  For example, the synchronization stratum could be transmitted as part of the system information and will only be detected by the new UE. However, utilizing this solution requires the UE to decode the system information, which may delay the synchronization process.  Alternatively, an implicit way to convey the synchronization status and stratum level could be considered. For example, different synchronization sequences could be used as an indicator of the synchronization stratum level. The small cells that are already synchronized with a synchronization source could use a proper sequence to convey its synchronization information. In order to achieve this, a pre-assigned relation between the synchronization sequences and corresponding synchronization stratum level could be informed to the new small cells in advance. An illustration of such relation is illustrated in the figure 2 as an example. 
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Figure 2: Relation between sync sequences and stratum level
With this pre-assigned relation in place, the new small cell could recognize the stratum level of a synchronization sequence that it tries to synchronize with, and determine which synchronization source has the highest stratum level, and therefore try to synchronize with that source in order to maintain more synchronization accuracy. 

Proposal 2:

· Implicit way to convey the synchronization status and level could be considered

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. 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.

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. 
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:

· Implicit way to convey the synchronization status and level could be considered
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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