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1
Introduction
Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. Following the study item outcome, the work item Small Cell Enhancements –Physical Layer Aspects [1] was agreed in RAN#62. As one part of the work, following aspects related to small cell on/off should be specified:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

Also according to the conclusion in RAN1#74bis, the existing RAN3 solution in the starting point for possible enhancement related to small cell semi-static on/off. Thus, the existing solutions set the comparison point for any enhancements to be considered.
This contribution focuses on the procedures related to small cell on/off operation, including on/off time scales and assumptions on application scenarios.
2
Small cell on/off transition time scales
The existing network energy saving solutions – Rel-9 RAN3 SON based schemes [3] – show benefits in real deployments, especially for very low load cases. In these schemes, cells in OFF state (or dormant mode) do not transmit any signals. This basically means that UEs are not able to detect such cells. To return an OFF cell back to service, inter-eNB X2 signalling was standardized to allow one eNB to request a neighbouring eNB to switch on a cell. Thus, if we e.g. have two neighbouring eNBs A and B, where eNB A is on and eNodeB B is off, then eNB A can request to eNB B to switch on. The eNB A would send such a request e.g. if it starts to experience increased offered load, such that further offloading to eNB B is desirable. Moreover, additional SON-based eNodeB energy saving mechanisms are discussed in 3GPP TR 36.927: See especially Section 6.1.2.2 on how to exit dormant mode efficiently, and Section 6.1.3 where enhancements for cell exiting dormant mode are evaluated. 
Naturally the RAN3 SON based schemes have their limitations. The cell on/off state transitions are relatively slow, and it may take for a UE hundreds of milliseconds to be able to operate in a cell after the cell has been brought back from dormancy. It can also be challenging for the network to determine the most appropriate cell to be turned on, especially in small cell deployments where a large number of small cells can be deployed within the coverage area of a single macro cell.  

In performance evaluation results reported in TR36.872 [2], essentially only energy saving gains are seen with cell on/off transition times larger than 100 ms. Obtaining benefits in terms of interference management by adapting cells to various traffic distributions requires shorter transitions times; gains in terms of UPT performance are reported only for transition times below 100 ms. In short, to obtain increased performance benefits over existing solutions, mechanisms reducing state transition times need to be considered. The agreement from RAN1 #74bis also reflects this.
The extreme enhancement for small cell on/off operation would be that small cells could be turned on/off on a subframe level, i.e. dynamic small cell on/off operation. At the moment of a packet arrival, the small cell would be turned on immediately and transmit the packet to a UE, and it could be turned off at the moment of the completion of the packet. Of course, highest gains can be shown for such scheme when UEs are assumed to contain only Rel-12 UEs and when idealistic transition times are assumed. In practice, transition times would need to be at least in radio frame time scale due to HARQ feedback latency, to ensure proper time and frequency synchronization, etc. Additionally, the schemes are also non-backward compatible and considerably penalizing legacy UE performance. As discussed in the context of NCT WI and the related performance evaluations, the relatively modest gains do not justify loss of backwards compatibility.

One proposed approach is to limit the application of small cell on/off to carriers on which RRC_IDLE UEs are not camping, and not applying on/off at the presence of legacy terminals. This would limit the usability of the feature and still leave concerns on magnitude of standard impacts. Such dynamic on/off schemes require considerable and widespread changes to current standards, e.g. on UE measurements. The magnitude of standard impact and severity of backward compatibility issues are essentially equivalent to those faced with NCT. 

One way to characterize small cell on/off schemes is to consider the assumption UE’s fine time / frequency synchronization and tracking:
· Semi-static on/off schemes assume that once the cell is turned off, the UE no longer maintain accurate synchronization due to absence of dense enough reference signals (e.g. CRS). Consequently, during the OFF-period the eNodeB can transmit as little as possible (essentially only discovery signals are transmitted when configured) and hence maximize the energy savings while keeping the interference at minimum.
· Dynamic on/off schemes assume that the UE remains synchronized all the time. For this purpose, reference signals used for time/frequency tracking (CRS) as well as signals required for synchronization (PSS/SSS) need to be transmitted reasonable frequently. The finding from NCT studies was that 5 ms periodicity is required for CRS transmission to accomplish this, which considerably limits the possibilities for eNodeB energy savings and increases interference as the transmitter needs to be turned ON in 20% of all subframes. We note that during the Small cell physical layer enhancements Study Item, the dynamic ON/OFF schemes evaluations were using ideal assumptions, i.e. the interference from signals required for maintaining synchronization was not modelled. 
It is essential to target at balanced trade-off between achievable gains and required specification and implementation efforts. Any of the gains reported in [2] for ideal dynamic on/off do not justify the considerable specification changes that dynamic small cell on/off operation would require, bearing in mind that with more realistic assumptions the gains will clearly be lower. On the other hand, semi-static transition time scales seem to have potential for yielding moderate gains and facilitating improved network energy efficiency. As only moderate benefits are expected, the considered mechanisms should not cause performance degradation to legacy UEs. It is worth noticing that all identified solutions in 3GPP TR 36.927 for triggering wake-up of cell in dormant mode are fully backward compatible.
Proposal #1: Further work on small cell ON/OFF shall assume semi-static time scales for small cell ON/OFF transitions.
3
Semi-static time scale on/off transitions

Based on the decisions and discussions in RAN1#74bis, it has been confirmed that reduced transition times between on and off states are beneficial from RAN1 point of view. Assuming semi-static time scale for on/off transitions, there are two main areas for improving the overall transition times for a UE in case of small cell on/off:
1. Enhancements to UE procedures related to cell activation/deactivation, handover, dual connectivity etc. to reduce the transitions times between the ON and dormant states of already discovered small cells.
2. Transmission of DL discovery signals to facilitate timely discovery of dormant cells.
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Figure 1: Timeline for small cell on/off operation
The basic setting is illustrated in Figure 1. During e.g. low network load, the network may decide to turn a cell off. The decision to turn the cell off is followed by an on-off transition period, during which the network empties the cells from UEs using e.g. handover, connection release, redirecting RRC_IDLE mode UEs to different frequency layers etc. Additionally, Scell Activation/deactivation as well as dual connectivity related procedures may be applicable as well. Once the eNodeB is satisfied that there are no longer UEs camping on the cell it may turn the cell off and start a dormancy period. During the dormancy period, the eNodeB may still transmit, e.g. periodically, some DL signals allowing for the UEs supporting the dormant mode discovery to identify and measure the dormant cell.    
The first above mentioned enhancement (enhanced UE procedures to reduce cell on/off transition times) generally falls outside of the scope of RAN1, but relates more to RAN2, RAN3 and RAN4. RAN2/RAN3 should be consulted concerning the procedures as soon as there is a consensus on how the procedural delays are expected to be reduced, to ensure that the RAN1 decisions are in line with the details of the other working groups. However, the second enhancement (discovery signal) is of greater significance to 3GPP RAN1, and it is natural that further work in RAN1 shall focus on discovery signals, including discovery signal structure, configuration, as well as related UE measurements and reporting.

Observation: Enhancements to UE procedures related to transitioning between ON and OFF states are (mainly) not within the scope of RAN1.
Proposal #2: Further small cell discovery related work in RAN1 shall focus on discovery signals, including related configuration and measurement aspects.
4
Conclusion
In this contribution we have discussed various aspects related to small cell ON/OFF procedures. We make the following proposals and observations:
Proposal #1: Further work on small cell ON/OFF shall assume semi-static time scales for small cell ON/OFF transitions.
Observation: Enhancements to UE procedures related to transitioning between ON and OFF states are (mainly) not within the scope of RAN1.
Proposal #2: Further small cell discovery related work in RAN1 shall focus on discovery signals, including related configuration and measurement aspects.
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