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1. Introduction & Background
One objective of the small cell enhancement study item [1] is to study coordinated and time synchronized operation of the small cell layer and between small cells and the macro layer. In the last RAN1 #72bis meeting, feasibility and benefits of radio-interface based synchronization mechanisms for operation efficiency improvement had been addressed [2], and air-interface based synchronization attracted the interests of many companies in online discussion. 

Dynamic on/off switching of small cells bring benefit in terms of interference mitigation, load balance and energy consumption. This contribution addresses several issues of air-interface based synchronization mechanism for the small cell enhancement when considering dynamic on/off switching.

2. Motivations of sychronization for small cells
The synchronization of the small cell layer and between small cells and the macro layer at least can achieve the following benefits:

· To avoiding inter-cell UL/DL interference. Inter-cell UL/DL interference arise when TDD downlink and uplink timeslots overlap caused by non-cooperative timeslot assignment or timeslot shifted in time due to timing error and propagation delays. 
· Inter-cell interference cancellation (ICIC) has been considered as an efficient technique to achieve trade-off between system capacity and cell-edge capacity in co-channel scenario, one option of which is to allocate orthogonal sub-carriers for the cell edge of neighbouring cells, while reuse full band in the cell centre. In this case, the timing error of UE received signals from neighbouring cells should not exceed the OFDM cyclic prefix (CP), otherwise, power leakage from the neighbour cell subcarriers will cause serious interference to the serving cell subcarriers, and then destroy orthogonality of the subcarriers from serving cell and neighbouring cell. Inter-cell synchronization helps to reduce above impacts.
· Synchronization of the small cells is also beneficial to the implementation of several existing features to the Rel-12 small cell scenarios, e.g., coordination multiple-point transmission or reception (CoMP) needs high timeslot synchronization accuracy between different transmission points (might be O(ps)) in order to guarantee the  performance gain from joint data processing. 
· Discovery RS acquisition. In dense small cell deployment, few UEs are in the coverage of a small cell, the network is beneficial to turn some small cells into dormant mode for the purpose of energy saving, i.e., time-domain muting of small cells when no traffic is occurred [3]. In this case, efficient cell discovery mechanism is necessary in order to active some dormant small cells when needed. Delivery of synchronized discovery RS is helpful to assist UE to detect discovery RS in a time-syncronized manner, otherwise UE may need to exhaustedly listen to the discovery RS continuously, which will increase UE power consumption severely. Supporting inter-cell synchronization for small cells also helps to acquire the synchronized discovery RS.
It is well known that there are three kinds of synchronization mechanisms, i.e., GPS/GNSS, IEEE 1588v2 or network listening based on the air interface. For the small cell enhancement, the GNSS/GPS can provide accurate synchronization in outdoor, however, GNSS/GPS signals cannot always be captured in indoor and the standalone small cell scenario without macro coverage, and also, its application is restricted by the additional small cell cost. Under reliable backhaul conditions, IEEE 1588 v2 can provide sub-microsecond level accuracy. However, since non-ideal backhaul is a typical assumption in the small cell deployment, the good backhaul conditions may not always be available [2]. As a result, network listening based on air interface, i.e., a small cell listening to another synchronized small cell or macro cell with the help of air-interface based signals, can be used as a common solution for various small cell deployment scenarios.
Proposal 1: Air-interface based synchronization for small cells should be studied with high priority.

3. Open issues for small cell synchronization 

3.1. Synchronization scenarios
For a dense deployment scenario, e.g., such as the 3GPP evaluation scenario 2b (indoor, dense) and scenario 3 (without macro coverage, dense) [4], the requirement of supporting multiple hop synchronization in the small cell cluster should be considered,. Some concepts introduced in over-the-air synchronization using network listening for the HeNB are the same, such as: primary synchronization source,  the stratum level and the synchronization status, etc., [5], while enhancement is still needed by taking the following new features into consideration:
· “Coordination entity”. A small cell cluster is organized by many small cells, and the small cells within a small cell cluster are coordinated with each by “coordination entity” [6], such “coordination entity” is a logical entity in the network, and coordination via ideal or non-ideal backhaul is possible. The impacts of the small cell cluster architecture on synchronization should be further studied. 
· Dynamic on/off switching of small cells has been introduced in order to support efficient operation, the impacts of which on air-interface based synchronization needs further study.
Two kinds of air-interface based synchronization scenarios in the small cell cluster can be considered, i.e., synchronization within the cluster and between the clusters. 
· Synchronization within the cluster
· Synchronization within the cluster based on air-interface solution is preferred.
· Synchronization between clusters
· The small cells near the border of these two clusters may be asynchronous and interfere with each other. However, if the two clusters could coordinate each other (e.g., by “coordination entity”), the small cells near the border can also achieve the relatively synchronization and then eliminate the interference. 
3.2. Behaviour of dormant cells
In a multiple-hop air-interface based synchronization scenario, dynamic on/off switching of small cells in the cluster will break the already ordered synchronization stratum level if it does not provide any synchronization reference any more. 
One solution is to allow the dormant cells keep transmitting the synchronization reference signals even when it turns into sleep mode. Thus it can always provide a synchronization source for the next stage small cell, and in this way, the stratum level need not to be changed. Otherwise, those small cells originally synchronized with the dormant cells will lose the timing from the network and finally cause the collision. 
Another solution is to introduce a UE assisted mechanism to help the small cell to capture the synchronization timing. The main idea is that the dormant small cell does not transmit any signal on downlink, but it can be configured to receive signals on uplink [7]. 
For the above two solutions, the small cells must support to keep the status of  listening to other small cells even it is dormant.
4. Possilble synchronization schemes 
From the discussion above, two alternative synchronization schemes could be focused for further study, we also briefly present our considerations on them.
· Network listening synchronization
In order to enable UE discover the small cell (with/without presence of the macro cell) efficiently, a cell discovery reference signal (discovery-RS) is presented. It is naturally that the discovery-RS is occurred with a long periodicity for the sake of reducing transmission power as well as the interference to other cells. Obviously, if detection of discovery RS is sufficient to satisfy the synchronization timing accuracy, the dormant small cells only need to transmit one discovery RS to support both of cell discovery as well as inter-cell synchronization listening. However, the synchonriszation accuracy of the long perodicity discovery-RS has to be compensated by a longer sequence design. CSI-RS or CRS with full bandwitdh or other RSs with big portion of the full bandwidth occupation can be considered since they have longer sequence.
If discovery RS can be served as sync RS as well, it should be orthgonal in time/frequence domain between different cells. From UE detection perspective, the discovery RS should be able to support the time domain detection under the acceptable UE complexity, and allow the orthogonal discovery signals among small cells in a small cell cluster in order to reduced the inter-cell discovery RS interfence. Allocating the discovery RS resource orthognally in time domain (TDM) and configuring different subframe offset for neighbouring small cells is one of simple solution. Some companies also proposed to allocate the discovery RS resource orthognally in frequency domain (FDM) without the subframe offset by introduing a modified PSS/SSS design [8]. Nevertheless, the cell discovery performance both of them needs to be further evaluated.
On the other hand, if detection of discovery RS is insufficient to satisfy the synchronization timing accuracy, it could consider transmitting both of the discovery RS and the PSS/SSS at the dormant small cells. However, keeping the PSS/SSS will lead to an additional control channel overhead and more power comsumption. Besides, the dense small cell deployment also brings the issue of PCI collision, and the legacy PSS/SSS orthognality still needs to be enhanced. 
· UE-assisted Synchronization  

As mentioned in section 3.2, UE assisted scheme such as UE sending the PRACH to the network can also help the small cell to capture the timing error from the synchronization source and then adjust itself timing to final synchronize with it. This scheme doesn’t request the dormant small cells to transmit extra synchronization reference signals. However, the dormant cells must keep the status of consecutive network listening from the UE uplink. 

Proposal 2:  If detection of discovery RS is sufficient to satisfy the small cell synchronization timing accuracy, network listening the discovery RS should be considered to simply the implementation of air-interface based synchronization. And the stratum level is not changed even when some small cells are dormant. 
5. Conclusion
In this contribution, motivations of air-interface based synchronization for small cells are discussed, and several issues related to synchronization are analyzed including scenarios and the impacts of dynamic small cell on/off, as well as the alternative schemes. It is proposed that:
Proposal 1: Air-interface based synchronization for small cells should be studied with high priority.

Proposal 2:  If detection of discovery RS is sufficient to satisfy the small cell synchronization timing accuracy, network listening the discovery RS should be considered to simply the implementation of air-interface based synchronization. And the stratum level is not changed even when some small cells are dormant. 
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