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1. Introduction

At the last RAN1 meeting, the following agreement was reached:
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:

· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

In this contribution, we provide our views on some of the remaining open issues.

2. Discussion
How a legacy UE interacts in the presence of small cells that utilize dynamic or semi-static on/off switching—i.e., on/off switching  with time scales smaller than those supported by current RAN3 mechanisms—depends mainly on the UE’s RRC mode (idle or connected) and its capabilities (CA capable or not). There seems to be broad consensus that eNodeBs should not make use of dynamic or semi-static on/off switching on a frequency layer whose main purpose is to provide coverage. Consequently, on a frequency layer with cells that may dynamically or semi-statically be turned on and off, UEs of any release should be barred from camping. 
Observation 1: On a frequency layer with cells that may dynamically or semi-statically be turned on and off, UEs of any release should be barred from camping.

Unlike RAN3 mechanisms for energy savings, where turning a cell on or off was somewhat equivalent from a UE perspective to moving into or out of the coverage of a cell, we can thus conclude that any dynamic or semi-static on/off scheme with transition times faster than those supported by RAN3 mechanisms are non-backward compatible if RRC connected and idle mode are considered. 

Observation 2: Any dynamic or semi-static on/off scheme with transition times faster than those supported by RAN3 mechanisms are non-backward compatible if RRC connected and idle mode are considered.

In the sequel, we will focus on the case where no UEs are camping on the frequency layer on which cells may dynamically or semi-statically be turned on and off. Accordingly, for a CA capable UE dynamic or semi-static on/off switching of cells cannot occur faster than current SCell activation and deactivation procedures allow for the corresponding carrier to be backward compatible. Note that this also presumes that all UEs connected to that cell are CA capable and have the corresponding carrier configured as SCC. If one or more UEs connected to the cell operating in on/off mode are not CA capable—the case where CA capable UEs have that cell configured as PCell can be avoided through RRC reconfiguration albeit not without impact on the network performance, e.g., through diminished load balancing opportunities—off-on transition times would not be effected from a network point of view, although on-off transition times would be prolonged until the last UE not capable of CA has completed an inter-frequency handover successfully. Accordingly, the system throughput would be lower since the cell under consideration would induce PSS/SSS/CRS interference for a longer period of time. 

Observation 3: Dynamic or semi-static on/off switching reduces load balancing opportunities for the network because frequency layers with cells that may dynamically or semi-statically be turned on and off cannot be configured as PCC regardless of whether a UE supports CA or not. 
Observation 4: The presence of UEs not capable of CA impacts the performance of all UEs and hence the network performance through longer on-off transition times during which the cell still creates interference. 

In general, the off-on transitions impact the perceived throughput of a particular UE based on its capabilities—and only Rel. 12 UEs would benefit from enhanced procedures for on/off transition time reductions—whereas the capabilities of a single UE impact the perceived throughput of all UEs in the vicinity of a cell employing dynamic or semi-static on/off switching. In other words, the gains of any on/off switching scheme would be much larger if all UEs supported reduced on-off transition times. Moreover, during the off-on transition of a cell, a UE cannot yet receive data from that cell and as has been demonstrated by extensive systems-level simulations, the length of this transition period has a significant impact on the perceived user throughput. Hence, prerequisite for dynamic or semi-static on/off schemes to provide the largest system gains is that all UEs support significantly enhanced transition times for both off-on and on-off transitions. Irrespectively of whether such improvements targeted time scales of a few radio frames or a few subframes, they would be non-backward compatible. 

Observation 5: A prerequisite for dynamic or semi-static on/off schemes to provide the largest system gains is that all UEs support significantly enhanced transition times for both off-on and on-off transitions.

Technologies fulfilling this prerequisite have already been discussed in RAN1 [1] and additionally have been agreed by RAN Plenary to be considered for Release 13 [2]. Hence, any discussion and analysis on the need for such significantly enhanced transition times should thus be considered in Release 13 under a separate study item with the clear understanding that the feature—if configured—would compromise backward compatibility. 

Proposal 1: Any discussion and analysis on the need for significantly enhanced transition times should be considered in Release 13 under a separate study item with the clear understanding that the feature—if configured—would compromise backward compatibility.

Three time scales for small cell on/off schemes have been considered during the course of the study item: large time scales as those considered under the energy savings study in RAN3, 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 where it is assumed that novel mechanisms, procedures, and measurements will be adopted in Release 12 to enhance the on/off transition times to tens of milliseconds. Because of this 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 techniques. 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. In our view, packet arrival/completion based schemes (both dynamic and “semi-static”) target such significantly enhanced transition times as mentioned in Proposal 1 and should thus be considered for further study in Release 13 with a clear mandate to consider non-backward compatible mechanisms. 

Proposal 2: Packet arrival/completion based schemes (both dynamic and “semi-static”) should be considered for further study in Release 13 with a clear mandate to consider non-backward compatible mechanisms.

At the last RAN1 meeting it has already been agreed that the starting point for any possible enhancements related to semi-static small cell on/off switching are existing RAN3 mechanisms. These are based on traffic load and UE association and are fully supported by legacy procedures. Although introduced to facilitate energy savings in the network, it has been shown in RAN1 that they can also offer moderate to large gains from a user throughput perspective. 

Observation 6: Semi-static small cell on/off switching based on traffic load and UE association is supported by legacy procedures and has been shown in RAN1 to offer moderate to large gains from a user throughput perspective.

RAN3 mechanisms, however, are built on the presumption that on/off transition times are large enough for all UE procedures to work properly, especially in RRC idle mode. For instance, before turning a cell on or off, an eNodeB could ramp the transmit power up or down to trigger legacy mobility procedures. Since an RRC connected UE is under full network control, faster transition times could be feasible if it was considered acceptable that RRC idle UEs are not supported on certain cells. In RAN1 #74bis, it was agreed that such enhancements for transition time reduction may include support of discovery and measurement enhancements in the downlink in cell off state, potentially also in cell on state, and their usage in related procedures such as handover, CA activation/deactivation, dual connectivity (if supported), and radio link monitoring. In the sequel, since the procedures for handover, CA activation/deactivation, dual connectivity (if supported), and radio link monitoring themselves are not the responsibility of RAN1, we focus on the discovery and measurement enhancements in the downlink in the cell off state. 

Observation 7: The procedures for handover, CA activation/deactivation, dual connectivity (if supported), and radio link monitoring themselves are not the responsibility of RAN1.

A fundamental problem of turning cells off is that RRM measurements are not possible anymore. RRM measurements during cell off state would allow the UE to connect faster to the cell once it is turned on again and more importantly they could help the network to decide when to turn the cell back on. Moreover, if RRM measurements were possible during cell off state, very fast transition times would already be possible for CA capable UEs simply through network configuration. In our view, how long a cell can remain on should be completely left to network implementation and the discussion on enhancements for transition time reduction should focus on the cell off state where a UE cannot discover or measure the cell. 

Proposal 3: The discussion on enhancements for transition time reduction should focus on the cell off state where a UE cannot discover or measure the cell. 
3. Conclusion

In this contribution we make the following observations and proposals:
Observation 1: On a frequency layer with cells that may dynamically or semi-statically be turned on and off, UEs of any release should be barred from camping.

Observation 2: Any dynamic or semi-static on/off scheme with transition times faster than those supported by RAN3 mechanisms are non-backward compatible if RRC connected and idle mode are considered.

Observation 3: Dynamic or semi-static on/off switching reduces load balancing opportunities for the network because frequency layers with cells that may dynamically or semi-statically be turned on and off cannot be configured as PCC regardless of whether a UE supports CA or not. 

Observation 4: The presence of UEs not capable of CA impacts the performance of all UEs and hence the network performance through longer on-off transition times during which the cell still creates interference. 

Observation 5: A prerequisite for dynamic or semi-static on/off schemes to provide the largest system gains is that all UEs support significantly enhanced transition times for both off-on and on-off transitions.

Observation 6: Semi-static small cell on/off switching based on traffic load and UE association is supported by legacy procedures and has been shown in RAN1 to offer moderate to large gains from a user throughput perspective.

Observation 7: The procedures for handover, CA activation/deactivation, dual connectivity (if supported), and radio link monitoring themselves are not the responsibility of RAN1. 

Proposal 1: Any discussion and analysis on the need for significantly enhanced transition times should be considered in Release 13 under a separate study item with the clear understanding that the feature—if configured—would compromise backward compatibility.

Proposal 2: Packet arrival/completion based schemes (both dynamic and “semi-static”) should be considered for further study in Release 13 with a clear mandate to consider non-backward compatible mechanisms.

Proposal 3: The discussion on enhancements for transition time reduction should focus on the cell off state where a UE cannot discover or measure the cell. 
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