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1. Introduction
In the RAN#58 meeting, SCE (Small Cell Enhancements) has been agreed as a Rel-12 Study Item [1]. According to the objectives of the SCE SI description, the enhancements or improvements introduced in RAN2 should satisfy the scenarios and requirements defined in TR 36.932 [2]. Accordingly, the SCE SI sets the following targets:
	· Identify and evaluate the benefits of UEs having dual connectivity to macro and small cell layers served by different or same carrier and for which scenarios such dual connectivity is feasible and beneficial.

· Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:
· Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.
· Identify and evaluate the necessity of overall Radio Resource Management structure and mobility enhancements for small cell deployments:

· Mobility mechanisms for minimizing inter-node UE context transfer and signalling towards the core network.

· Measurement and cell identification enhancements while minimizing increased UE battery consumption.


One essential and critical part of the RAN2 SCE SI is the performance evaluation of potential solutions and existing mechanisms. Basically, if there is no serious issue discovered for the existing mechanisms under the scenarios given by TR 36.932, then there is no strong need to introduce enhancements or improvements unless the benefits brought by the enhancements or improvements are clearly proved to be significant. In order to represent a more convincible evaluation results, the quantitative evaluation result is desired. In this contribution, we try to give some evaluation metrics (including both quantitative and qualitative metrics) which the RAN2 SCE SI should focus on, based on the HetNet simulation, the objectives of the SCE SI and the scenarios and requirements given in TR 36.932. From our understanding, the evaluation in the RAN2 SCE SI can be carried out in two directions. The first direction (as given in Section 2.1) is to discover the issues of the existing mechanisms, and the issues should not been observed by other SIs/WIs, such as HetNet. Then RAN2 can try to find some solutions to the issues discovered/identified. The second direction (as given in Section 2.2) is to evaluate the benefits introduced by potential solutions, compared with existing mechanisms or other candidate solutions.
2. Discussion
2.1. Evaluation on the Performance of the SCE-specific Scenarios
In order to discover some issues of existing mechanisms, we can adopt the general working procedure which had been used for Rel-11 HetNet SI. Here, we list some metrics (more details in Appendix A) which have been defined and evaluated in Rel-11 HetNet SI [3]:

a) RLF and HOF related metrics (more details in Appendix A)
b) ToS (Time-of-Stay) related metrics (more details in Appendix A)

c) UE Power consumption related metrics (more details in Appendix A)

On the one hand, according to the scenarios given in TR 36.932, the scenarios investigated in Rel-11 HetNet can be considered as parts of the scenarios defined in TR 36.932 [2]. Then the investigation/evaluation of the SCE should focus on the scenarios which have not been evaluated in HetNet, for example the dense small cell deployment and the inter-frequency scenarios. Then the above listed metrics may need to be re-evaluated in order to discover the issues of the existing mechanisms which have not been discovered by HetNet. On the other hand, other metrics, such as the metrics given in Section 2.2, are not excluded for discovering potential issues. As such RAN2 will firstly have a clear view on the issues of the existing network, and then the solutions / enhancements introduced by the SCE SI can focus on resolving the issues.
Proposal 1: Evaluate the SCE-specific scenarios to discover the issues of deploying small cells.
2.2. Evaluation on the Performance of Traffic Offloading

The RAN2 SCE SI could also choose to bring significant benefits on the current network by introducing new enhancements. Then firstly, the benefits should be clearly represented by the enhancements, compared with the existing mechanisms or other potential solutions. Secondly, the tradeoffs of the enhancements should be acceptable or minimized. As such, the quantitative evaluation results are more desirable for representing the advantages and disadvantages of candidate solutions and existing mechanisms. 
According to the capability and performance requirements given in TR 36.932 [2], SCE should consider the requirements from three aspects: system performance; mobility performance; coverage performance. As the main objective of small cell deployment is to offload traffic from the macro cell layer to the small cell layer, the offloading performance should be targeted for the evaluation in RAN2 SCE SI. From RAN2’s point of view, in order to find out “up to which speed offloading is beneficial” [2], the offloading performance of existing mechanisms and introduced enhancements should be evaluated from two aspects: the offloading efficiency and the offloading reliability. And a clear comparison between the candidate solution and the existing mechanism should be represented.
1) Offloading efficiency
In order to achieve more efficient offloading performance, the enhancements introduced should try to increase the amount of traffic offloaded to the small cell layer. Furthermore, the amount of traffic offloaded to small cells should also be evaluated under different UE speed, as the traffic of the fast-moving UE may not need to be offloaded to small cells due to very short ToS (Time-of-Stay), the unacceptable deterioration of system performance (such as excessive signaling overheads) or user experience and so on. Here we list a few example metrics for the evaluation of offloading efficiency.
a) ToS related metrics:

From the perspective of RAN2, the amount of traffic offloaded to the small cell layer is tightly related to the ToS in small cells. Different from the evaluation of ToS in HetNet, to increase the traffic offloaded to small cells, the network should try to keep the UE stay in small cells as long as possible. 
· The percentile of ToS in small cells: the average ToS in small cells per UE divided by the overall ToS in both small and macro cells. The metric can be observed under different UE speed.
b) Traffic load related metrics

Compared with the ToS related metrics, in order to have a clearer view on the amount of traffic offloaded to the small cell layer, the amount/percentage of traffic offloaded to small cells should be represented.
· The percentile of offloaded traffic: the traffic offloaded to the small cell layer divided by the overall traffic. The metric can be observed at different UE speed.

c) UE/Network Throughput related metrics:
Considering UE/network throughput gain [2], we can adopt the general principle of  evaluating throughput from other RAN2 SI/WI , such as eDDA evaluation in TR 36.822 [4]: “Throughput:  Impacts or benefits to throughput shall be provided, in the form of throughput distributions, percentiles or bounds.” Then the followings are giving some example metrics for the evaluation of the UE/network throughput gain.
· Uplink and Downlink UE Throughput CDF: the distribution of the number of UEs with different throughput for both uplink and downlink. As the throughput can be captured for each UE, then the percentile of the number of simulated UEs within/blow/above a throughput (within a fixed simulation period and with a certain traffic pattern such as FTP traffic) can be observed. And the throughput should be also observed under different UE speed. As such the mobility impact on UE throughput can also be observed. 

· Uplink UE Throughput CDF: the distribution of the number of UEs with different throughput for uplink.
· Downlink UE Throughput CDF: the distribution of the number of UEs with different throughput for downlink.
d) Signalling overheads related metrics:

According to the objectives of the SCE SI, the mobility enhancements should consider “minimizing inter-node UE context transfer and signalling towards the core network”. To evaluate the benefits, the signalling transferred or saved from both the radio access network and the core network should be calculated. And the control signalling should not increase too much due to the offloading.
· Overall signalling overheads for one offloading: calculate the control signalling required from both the radio access network and the core network in one offloading from a macro cell to a small cell or from a small cell to a macro cell or between small cells.

· Signalling overheads for one offloading from the radio access network.
· Signalling overheads for one offloading from the core network.
· Signalling overheads for one offloading from the air-interface.
2) Offloading reliability
While offloading traffic to small cells, the tradeoff should be kept at least under tolerable level. This means that the overall performance of both the network and the UE should not deteriorate heavily and exceed the system/service requirements defined by the specification. The followings are some example metrics for the evaluation of offloading reliability.
a) Interruption time related metrics:
The interruption time can be considered as the time period between the last successfully received packet from the macro cell (or small cell) layer and the first successfully received packet from the small cell (or macro cell) layer after the transition from the macro cell (or small cell) to the small cell (or macro cell). The traffic transition between the macro cell layer and the small cell layer could cause the interruption of data transmission. Then we should try to minimize the interruption time in order to improve the user experience.
· The average interruption time due to the transition between macro cell and small cell.
· The average interruption time due to the transition from macro cell to small cell.

· The average interruption time due to the transition from small cell to macro cell.

· The average interruption time due to the transition between small cells.

b) Packet loss related metrics:

Another important metric from the QoS requirements defined in TS 23.203 is the PELR (Packet Error Loss Rate) [5]. The network should try to guarantee that the PELR of a service is within the specification requirements. Moreover, the PELR should also be kept as low as possible to achieve better user experience.
· Uplink and Downlink PELR (Packet Error Loss Rate): as defined in [5]. And the PELR restriction is the same for both uplink and downlink [5].

· Uplink PELR (Packet Error Loss Rate): as defined in [5].

· Downlink PELR (Packet Error Loss Rate): as defined in [5].
Furthermore the evaluation on the offloading reliability should also focus on the mobility performance, because the enhancements introduced may also cause a worse mobility performance, compared with existing mechanisms. Then, the mobility performance should also be evaluated as what we did for HetNet.
c) RLF and HOF related metrics (more details in Appendix A)
d) ToS (Time-of-Stay) related metrics (more details in Appendix A)

e) UE Power consumption related metrics (more details in Appendix A)

Proposal 2: The evaluation of SCE should focus on offloading efficiency and reliability.
3. Conclusion
In this contribution, we provide the analysis of the evaluation for Rel-12 SCE SI. By analyzing the scenarios and objectives which are involved in the SCE SI, we have the following proposals:
Proposal 1: Evaluate the SCE-specific scenarios to discover the issues of deploying small cells.

Proposal 2: The evaluation of SCE should focus on offloading efficiency and reliability.
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Appendix A
The following metrics [3] are used for the HetNet mobility performance evaluation.
RLF and HOF related metrics:

· The RLF (Radio Link Failure) performance metric: “the average number of RLF occurrences per UE per second”. 

· The HOF (handover failure) rate: “Handover failure rate = (number of handover failures) / (Total number of handover attempts)”.

· The total number of handover failures per UE per second: “the total number of handover failures averaged over the total travel time of all the simulated UEs”.

· The total number of successful handovers per UE per second: “the total number of successful handovers averaged over the total travel time of all the simulated UEs”.
· Other metrics from HetNet related to handover performance:

· The number of macro-pico (or macro-small) handover failures per UE per second.

· The number of pico-macro (or small- macro) handover failures per UE per second.

· The number of macro-macro handover failures per UE per second.

· The number of pico-pico (or small-small) handover failures per UE per second.

· The total number of handover failures per UE per second.

· The number of successful macro-pico (or macro-small) handovers per UE per second.

· The number of successful pico-macro (or small-macro) handovers per UE per second.

· The number of successful macro-macro handovers per UE per second.

· The number successful of pico-pico (or small-small) handovers per UE per second.

· The total number of successful handovers per UE per second.

· The macro-pico (or macro-small) handover failure rate = (The number of macro-pico handover failures per UE per second) / (The number of macro-pico handover failures per UE per second + The number of successful macro-pico handovers per UE per second).

· The pico-macro (or small-macro) handover failure rate = (The number of pico-macro handover failures per UE per second) / (The number of pico-macro handover failures per UE per second + The number of successful pico-macro handovers per UE per second).

· The macro-macro handover failure rate = (The number of macro-macro handover failures per UE per second) / (The number of macro-macro handover failures per UE per second + The number of successful macro-macro handovers per UE per second).
· The pico-pico (or small-small) handover failure rate = (The number of pico-pico handover failures per UE per second) / (The number of pico-pico handover failures per UE per second + The number of successful pico-pico handovers per UE per second).

· Overall handover failure rate = (Total number of handover failures per UE per second) / (Total number of handover failures per UE per second + Total number of successful handovers per UE per second).

ToS (Time-of-Stay) related metrics:
· The ping-pong rate: “(number of ping-pongs) / (total number of successful handovers excl. handover failures)”.

· Short ToS rate = (number of Short ToS occurrences) / (total number of successful handovers)
· Short ToS per UE per second: the total number of Short ToS occurrences divided by total number of the UEs simulated and averaged over the total simulation time.
UE Power consumption related metrics:

· UE energy used for inter-frequency small cell measurements
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