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1. Introduction

At the last RAN Plenary meeting in Porto, Portugal, a majority of companies felt that an extension of the study on the physical-layer aspects of small cell enhancements would be beneficial before deciding on any normative work. As a result of the offline discussions on a possible work item description following the last RAN1 meeting [1], consensus was reached on the prioritization of features on which the remainder of the study shall focus. These include 256QAM, semi-static small cell on/off mechanisms, and radio interface based inter-cell synchronization techniques as captured in the status report under open issues [2]. The status report also notes that further clarification is needed in RAN1 regarding the meaning of “semi-static” small cell on/off mechanisms. In this contribution, we provide our views on the meaning of “semi-static” in the context of small cell on/off mechanisms. 
2. Discussion
The technical report [3] distinguishes three time scales for small cell on/off schemes: large time scales as those considered under the energy savings study in RAN3 [4], milliseconds for dynamic on/off switching on a subframe level, and those loosely referred to as semi-static time scales. The latter incorporate everything from between the time it takes for an inter-frequency handover to less than 100 milliseconds assuming novel mechanisms, procedures, and measurements will be adopted in Release 12 to enhance the on/off transition times. 
Because of the wide range of possible transition times for semi-static on/off schemes, they are subdivided into three classes: traffic load based, cell association based, and packet arrival/completion based. Among these, the latter is the most dynamic one in that the small cell is only active when there are packets to be transmitted. Consequently, such mechanisms and the associated procedures are not really semi-static
 but rather represent practical implementations of the dynamic subframe level based mechanisms which are also based on packet arrival and completion, however, do not consider the feasibility of the transition times, i.e., cells can be turned on and off immediately. 
As captured in the TR, the ideal schemes generally offer low to moderate gains across all scenarios, traffic loads, and small cell densities.
 Only in the extreme case where eNodeBs do not configure MBSFN subframes and randomly chose their cell IDs can large gains be observed. On the other extreme, when the transition times extend beyond 100ms, most companies
 have observed losses or only low gains for mechanisms based on packet arrival/completion. 
Dynamic schemes based on packet arrival/completion are thus not very attractive in terms of UPT gains. Semi-static mechanisms, on the other hand, can offer moderate to large gains. Cell association based techniques are preferable as otherwise losses can be observed, especially at the cell edge. We also note that cell association based techniques incorporate load balancing and shifting since UE cell association is network controlled. Using mobility procedures and measurements, traffic load based small cell on/off is possible. The losses for traffic load based small cell on/off switching are mainly observed when the small cells are turned off randomly. When the criterion, however, is low cell association semi-static on/off switching based on traffic load can offer moderate gains. 
Lastly, small cell on/off schemes based on traffic load and UE association can be supported by legacy procedures whereas Rel. 12 UEs could benefit from further enhancements, e.g., through efficient small cell discovery or network coordination procedures to wake up dormant cells. 
3. Conclusion

The status report on the physical-layer aspects of the small cell enhancements study item calls for a clarification of the meaning of “semi-static” in the context of small cell on/off mechanisms. The technical report for this study distinguishes three different semi-static small cell on/off switching schemes: traffic load based, cell association based, and packet arrival/completion based. In this contribution, we argue that the latter cannot be considered semi-static whereas traffic load and cell association based techniques are not only backward compatible but more importantly also offer the larger gains. 
In addition to focusing on traffic load and cell association based mechanisms for small cell on/off switching, we also recommend to use the term “semi-static” for these techniques exclusively whereas packet arrival and completion based techniques should be referred to as “dynamic.” Dynamic schemes can be subdivided into those with feasible and realistic transition time scales as well as those with infeasible and ideal transition time scales. Moreover, it would be beneficial if the TR could be changed accordingly to avoid additional confusion in the future and to simplify the drafting of a potential subsequent work item description. 
References

[1] R1-133991, Draft WID of small cell enhancements-physical layer aspects, Huawei, HiSilicon, CATR
[2] RP-131373, Status Report on Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects, Huawei
[3] TR 36.872, v.1.0.0,  Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects
[4] TR 36.887, v.0.2.0,  Study on Energy Saving Enhancement for E-UTRAN
� also note that the term “semi-static” is most frequently used in the context of RRC signaling in RAN1


� one source observes large gains for scenario 2a with 10 small cells per cluster and 6 MBSFN subframes per radio frame


� moderate gains were only observed by sources that did not include the off-to-on transition time into the UPT calculation






