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Discussion and decision
1 Introduction
As captured in the scenarios and requirements for small cell enhancement [1], for specific operations e.g. interference coordination, carrier aggregation and inter-eNB CoMP, small cell enhancement can benefit from synchronized deployments with respect to small cell search/measurements and interference/resource management. 
During RAN1#76bis RAN1 has made the following agreements on Radio-interface based synchronization (RIBS):
Agreement:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

· Other specification impacts are FFS

Agreement:

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded

· Whether standard impact is needed is FFS

Agreement:

· PRS and/or CRS is used as the listening RS for RIBS

· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

In this contribution, radio-interface based synchronization solutions are discussed in the context of potential standards impact.
2 RIBS Solutions and Specification Impact
For network listening, there should be at least one cell (reference cell) in each cluster which is synchronised by an external reference (e.g. GPS receiver). Each cell within a cluster listens for the cell synchronisation signalling (e.g. CRS and/or PRS) from the reference cell. The synchronisation operation can be applied at the eNB based on the received cell synchronisation signalling. Figure 1 shows the concept of a network listening based synchronization scheme in case of TDD HeNB [2]. 
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Figure 1: Network listening synchronization scheme (Figure 6.1.2.3-1 in TR 36.922[2])

2.1 Subframe-level muting for RIBS
Specification support identified for RIBS include mechanisms to provide a common understanding of the listening RS pattern especially to support increased multi-hop operation. The related signalling details should be addressed by RAN3. In our view the techniques specified in TR 36.922 [2] can be straightforwardly extended for small cell synchronization to meet the same accuracy requirements given in existing specifications [3] [4]. For example muting for network listening can be accomplished by appropriate configuration of MBSFN subframe patterns according to stratum level.
However RAN1 should also consider whether for Rel-12 any additional specification impact on the network or UE side is necessary considering the applicability of RIBS solutions to ongoing Rel-12 features impacting small cell deployments such as small cell on/off and eIMTA.

Small Cell On/Off 

In case of small cell on/off in Rel-12, different cells may potentially transition between dormant and active operation depending on traffic and interference considerations. However additional specification does not seem needed to specifically address this scenario as the network can configure the reference cells to not turn off during the periods when transmission of a signal for network synchronization is needed. An additional macro coverage layer can be used as a reference for deployments applying small cell on/off since it will be expected to be always-on to avoid coverage holes and serve legacy UEs.
eIMTA

In eIMTA, where the TDD configurations of different cells can dynamically change, there is a potential impact on the network synchronization pattern. It is not clear how serious of an issue the changing configurations would be in practice as although there may be some ambiguity about whether certain subframes are DL or UL, the network can ensure that certain subframes will always be fixed DL subframes every frame which can be used as a reference for the cells performing network listening. Backhaul exchange of TDD configuration patterns between small cells may be accomplished to allow cells to match listening opportunities with the DL/UL pattern of the reference eNBs. Additionally, a standardized solution may not be needed since through implementation eNBs may transmit on UL-indicated flexible subframes, allowing neighboring eNBs to listen while not scheduling any UEs in that subframe to avoid UL interference.
UE-side subframe muting specification impact
Due to multiple factors such as operator preference and deployment characteristics it is an important consideration that proposed solutions for radio-interface based synchronization should be generally applicable and not restrict already available implementation-based solutions or impact legacy operation. Since network listening is employed for existing macro and femto cell deployments without UE-side standardization impact, the extension of these techniques for RIBS should also not incur any additional specification impact from a UE perspective. 
Any proposed enhancements for RIBS which require changes to existing UE behavior would need to be evaluated against the additional implementation and testing complexity/cost which may be incurred at the UE in this case.
2.2 Deployment scenario considerations
Inter-operator synchronization may be beneficial in the case adjacent TDD spectrum is utilized for small cell deployments. It should be noted that in the case of such deployments coordination between operators is necessary even for macro cell only deployments due to the need to align the DL/UL configurations of the cells as well as the timing reference. This scenario may share some similarities with deploying RIBS in the case of eIMTA where the DL/UL configurations of adjacent cells may not be aligned. As discussed above, no additional specification is envisioned to support RIBS over the already agreed RS pattern related configurations. 

3 Conclusion
Based on above discussion, the following proposal for standardization support of small cell radio-interface based synchronization is given: 
Proposal 1: No additional specification impact is identified for radio interface based synchronization in Rel-12.
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