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Discussion and decision
1 Introduction
Many of the proposed coordination and efficient operation techniques considered as part of the small cell enhancement study item [1] may benefit from time-synchronized operations between the small cells and between the macro and small cell layers.  
A detailed overview of different mechanisms and considerations with respect to standardization requirements are given in [2]. This complementary contribution provides further discussion on potential scenarios and evaluation considerations for radio-interface based synchronization mechanisms. 
2 Scenarios for radio-based synchronization
The small cell enhancements study item has adopted a broad range of scenarios for evaluation of different coordination or spectral efficiency enhancement techniques. These include small cell deployments which are dense/sparse, outdoor/indoor, co-channel/non-co-channel with the macro cell layer, and even a scenario without any macro cell coverage. Multiple techniques for providing synchronization may be envisioned for these scenarios, including GNSS-based, backhaul-based (e.g. IEEE 1588v2), or network listening [2]. However, depending on implementation complexity/cost, core network architecture, and constraints imposed by the deployment topology, not all approaches may be equally applicable or provide the same level of performance. 
As a result it will be important to clarify the key characteristics of potential synchronization techniques and any underlying assumptions concerning the network topology and architecture. The density of deployments may have an impact on overall feasibility and requirements for synchronization techniques may need to be evaluated for a range of cluster sizes and locations. 

Proposal 1: Scenarios for evaluation of synchronization mechanisms should be identified and characterized by their assumptions on the underlying network architecture and deployment topology.
3 Evaluation considerations
In order to effectively evaluate the potential benefit of standards support for synchronization mechanisms, appropriate metrics should first be discussed. Performance of the synchronization mechanism in terms of achievable accuracy, robustness, and speed are of course some of the primary considerations. However, synchronization performance alone may not be sufficient to make a determination on the feasibility and benefits of a particular approach and other metrics such as resource utilization, signalling overhead, backwards compatibility, and impact on overall network performance should also be taken into account.

Much of the aforementioned trade-off analysis was conducted as part of the TDD HeNB evaluation of network-listening for synchronization [3]. For example, the impact of inter-cell interference on the accuracy of the network listening, impact on UE behaviour, and backhaul information exchange were all considered for the different candidate synchronization approaches. 
Additionally, the relative weight given to different metrics and specification considerations may be a function of the underlying deployment scenario, network topology, and requirements of any techniques which may specifically benefit from the introduction of synchronization mechanisms.  This is beneficial to quantify since, if any standardization needs to be introduced, it should be applicable to the majority of relevant scenarios, not just for a few specialized ones.

Proposal 2: Multiple metrics should be considered in the evaluation of potential synchronization mechanisms including synchronization accuracy and speed, total resource utilization, signaling overhead, backwards compatibility, and impact on overall network performance.
Finally, evaluation of radio-interface based synchronization techniques should take into account practical pathloss and channel modeling considerations which may differ from typical evaluations of eNB to UE links. It is expected that propagation characteristics such as LOS vs. NLOS probabilities and distance dependent pathloss will be different depending on the relative heights of the small cells, and other deployment features such as whether an urban, suburban, indoor, etc. environment is considered.
Proposal 3: Evaluation of radio-interface based synchronization techniques should take into account practical propagation modeling considerations which may differ from typical evaluations of eNB to UE links.
4 Conclusion
In this contribution, the following observations and proposals on the evaluation of synchronization mechanisms for small cells were made: 
Proposal 1: Scenarios for evaluation of synchronization mechanisms should be identified and characterized by their assumptions on the underlying network architecture and deployment topology.
Proposal 2: Multiple metrics should be considered in the evaluation of potential synchronization mechanisms including synchronization accuracy and speed, total resource utilization, signaling overhead, backwards compatibility, and impact on overall network performance.

Proposal 3: Evaluation of radio-interface based synchronization techniques should take into account practical propagation modeling considerations which may differ from typical evaluations of eNB to UE links.
References

[1] 3GPP TR 36.932, “Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN; (Release 12)” 
[2] R1-131982, “Discussion on radio-interface based synchronization schemes”, Samsung
[3] 3GPP TR 36.922,  “TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis”
Page 1

