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1. Introduction
In RAN1#73, the discussions on radio interface based synchronization have been started and the following agreement was reached:
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In this contribution, we share our views on the interesting scenarios and assumptions for radio interface based time synchronization.
2. Discussion
2.1. Assumption for the network deployment scenario
In RAN1#73, a lot of contributions were submitted to identify the necessity of radio interface based time synchronization since it was revealed that the installation of GNSS (GPS) and/or IEEE1588 is not always easy in the practical network. Thus, introduction of other solutions is highly desirable for operators to obtain more available choices. However, it would not be a good idea to study a lot of scenarios and schemes since this RAN1#74 meeting is the final meeting of SCE SI. Thus, we prefer to focus only on one simple scenario to hurry up the discussion in RAN1, and this contribution gives a most likely scenario for RAN1 study from an operator’s perspective.
It is not so difficult to install GNSS (GPS) for macro cells because they are installed outdoors in general. Meanwhile, small cells may be installed indoors or in basement, thus it is not easy for small cells to directly receive GNSS signals. From this sense, we believe that it makes sense to focus on the synchronization between macro cell (as a master eNB) and small cell (as a slave eNB) overlaid by the master eNB. Other scenarios may be interesting for some operators, but we should not expand the scenario due to the lack of time.
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Fig. 1 A proposed assumption on deployment scenario for RAN1 discussion
Proposal:
· For the simplicity of discussions, the following should be assumed for RAN1 studies:
· master eNB (i.e. macro cells) are accurately synchronized by using the existing mechanism (GNSS, IEEE1588 etc.)
· slave eNB (i.e. small cells) are to be synchronized with the overlaid master eNB by using radio interface. 
2.2. Cost/complexity of eNBs and UEs
In RAN1#73, it was proposed to use UE assistance to achieve network time synchronization in addition to eNB based solution. This means that Rel-12 UEs are recommended (or mandated) to support this functionality. However in LTE and LTE-Advanced, so many functionalities have already been agreed to realize flexible operations, and hence an additional scheme to assist network synchronization will cause the complexity of UE implementation and testing efforts. Moreover, at least one UE supporting time synchronization functionality has to exist (or has possibly to be RRC_CONNECTED state) in the network to use the time synchronization functionality. However, we cannot expect that such a UE is always located in the coverage. Thus, we are suspicious about the feasibility of UE based solution, and UE assisted solution can be considered if considerable benefit over eNB based solution is identified.
Proposal:

· UE assisted time synchronization solution might cause complicated testing. In addition, we cannot assume that at least one UE supporting time synchronization functionality exists in the network corverage.
· Thus, UE assisted solution cannot be a first choice, and eNB based solution should be the baseline. UE assisted solution can be considered if considerable benefit is identified.

When the network cannot expect UE assistance for time synchronization, slave eNBs have to support Rx capability of the frequency band used by master eNB in order to snooping DL signals transmitted by the master eNB. We believe that rough time synchronization is possible without any spec support i.e. by PSS/SSS snooping. Meanwhile, the accuracy highly depends on the propagation delay observed by slave eNB, and some new technique and specification support may be necessary to achieve more accurate synchronization depending on the requirement. If the estimation of propagation delay is required to achieve sufficient time synchronization, it is useful to measure round trip delay similar to IEEE1588, as shown in Fig. 2.Therefore, there may also be an impact on slave eNB to supports Tx capability in addition to Rx 
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Fig.2 Rough sketch of propagation delay estimation mechanism
We anticipate that the support of RF capability would be one of the most costly requirements for slave eNB. This aspect should be taken into consideration for further study in RAN1.
Proposal:

· When exact eNB based solutions are studied in RAN1, Rx/Tx capability of slave eNBs should be taken into consideration:
· Type 1: slave eNB with Rx capability of master frequency band, and without Tx capability
· Type 2: slave eNB with both Rx and Tx capability of macro frequency band
3. Conclusion
In this contribution, we shared our views on the interesting scenarios and assumptions for radio interface based time synchronization. Our proposals are summarized as follows:
· For the simplicity of discussions, the following should be assumed for RAN1 studies:
· For the simplicity of discussions, the following should be assumed for RAN1 studies:
· master eNB (i.e. macro cells) are accurately synchronized by using the existing mechanism (GNSS, IEEE1588 etc.)
· slave eNB (i.e. small cells) are to be synchronized with the overlaid master eNB. 
· eNB based solution should be the baseline. UE assisted solution can be considered if considerable benefit is identified.

· When exact eNB based solutions are studied in RAN1, Rx/Tx capability of slave eNBs should be taken into consideration:
· Type 1: slave eNB with Rx capability of master frequency band, and without Tx capability
· Type 2: slave eNB with both Rx and Tx capability of macro frequency band
Agreements:


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.
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