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1. Introduction

There are many discussions on TDD Home eNB (HeNB) over-the-air synchronization in RAN4 on the scope of Rel9 WI “TDD HeNB RF requirement” [1] [2]. And network listening was widely agreed as an essential synchronization technique, for which HeNB will regularly monitor physical layer signals, especially CRS broadcasted by a synchronization source (H)eNB for its attached UE. Two possible solutions of MBSFN subframe based and of guard period based were discussed.

There also some discussion on requirement of multi-hop synchronization, which is assuming where many HeNB was deployed with Macro eNB signal partially available. And then these HeNB should synchronize stratum by stratum. Also some required signalling is discussed on [3], assuming that stratum info and synchronization status should be needed for multi-hop sync, and could be get via new signalling supported by RAN2. While in last RAN2 meeting, RAN2 suggested RAN4 re-considerate whether the information and scenario is necessity. Here we would like to do analysis to identify the necessity of multi-hop synchronization. 

2. Single hop v.s. Multi-hop Use Case 
In realistic deployment, most possibly HeNB is placed under the coverage of Macro eNB for hotspot usage or in somewhere coverage hole to enhance coverage, or for rural scenarios, HeNB also could be used to provide coverage to sparse residential house. 

For dedicated channel for HeNB case, the synchronization between Macro BS and HeNB is not necessary, and the interference could be mitigated by frequency isolation. Then let’s just investigate whether signal hop synchronization for HeNB directly hearing Macro eNB will be enough when co-channel deployment configuration is implied. 

· For hotspot usage, where may have many HeNBs deployed within a small area while the area is most possible have full Macro eNB coverage as well.
· For coverage hole case in urban/suburban, we assume the coverage hole area is not very big, maybe the shadow of a building, corners under stair of subway etc., which is about 50-100 meters of diameter. Then for a general solution, HeNB should be put where macro eNB signal can be heard and HeNB is able to provide coverage for the hole area.
· In rural area, there are not many HeNBs deployed in one building, generally one or two are enough. And even if macro signal can not be received, they also can work stand alone without any problem.
· In most general scenario, HeNB will be deployed not far away between each other. And in RAN1 and RAN4 relevant simulation assumption [4] [5], the typical configuration for HeNB is Tx power of 20dB and wall penetration is 5~10 dB. Then it is less possible that one HeNB is able access Macro cell while another nearby HeNB can not.     
While for multi-hop, there maybe exists some use cases, e.g. as following: 

· HeNB in basement where no Macro eNB signal and need to synchronized with upstairs HeNB which may able to synchronize with Macro eNB. 
From the analysis above, we see multi-hop synchronization is comparable a relative seldom case. And for multi-hop, most possibly 2 hops synchronization is enough. Then for HeNB Rel9 WI, single hop should be mainly focused because that is most widely existed case. 
In addition, even for multi-hop synchronization, which is assuming synchronized stratum by stratum and stratum info should be needed for synchronization source selection[3], mechanism of non-AI(air interface)-signaling, such as blind detection for stratum info and muting place of network listening, should be encouraged other than adding new signalling which may need extra effort of other WGs. 
Considering the time line, on last meeting, RAN4 agreed that target on the original completion date for the TDD HeNB RF WI, even if the deadline could be extended, the time left is also stringent for extra signaling standardization. Then for time limitation, it is suggested to consider most realistic scenarios and avoid extra signaling effort to ensure WI accomplishment. Deployment based synchronization methods which has no impact to specification should be encouraged, such as GP-based solution [2]. Typical use case should be identified for which is widely existent if consider about multi-hop. Even if RAN4 identified any information which is necessary to be conveyed for the sync purpose, well evaluation is necessary for the extra standardization effort and non-AI-signaling required mechanism to convey the infomation should be encouraged to minimize the impact. 
3. Conclusion
The contribution analyzed typical use cases of TD-LTE HeNB synchronization, and conclude that multi-hop synchronization is comparable a seldom case, and Rel9 should mainly focus on single hop synchronization case. Here the proposed suggestions,
Suggestion 1: Focus on single hop synchronization solution in HeNB Rel9, especially the solution which do not introduce any impact to legacy system and specifications.
Suggestion 2: For multi-hop synchronization, we suggested to have further evaluation to identify whether that is a typical scenario widely existed. And if needed, non-AI-signaling required mechanism to convey the syncronization relevent information, such as blind detection, should be encouraged to minimize the specification impact.
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