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1
Introduction
In the RAN1#74# meeting, performance evaluations on small cell on/off operation were presented for interference management and energy saving. Especially energy saving gains were observed with cell on/off transition times larger than 100 ms. Furthermore, it was observed that shorter transition times generally improve data throughput. In this contribution, we consider the potential enhancements for small cell on/off operation, and potential impacts on legacy UE.  
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On small cell on/off state transition mechanisms 
The existing network energy saving solutions – Rel-9 RAN3 SON based schemes [2] – 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. However, 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 eNB B is off, then eNB A can request to eNB B to switch on. eNB A would e.g. send such a request eNB if it starts to experience increased offered load, such that further offloading to eNB B is desirable. Moreover, additional SON-based eNB energy saving mechanisms is 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. 
Proposal #1:  The backward compatible solutions in 3GPP TR 36.927 for triggering a dormant cell to wake-up shall be taken as the starting point. 

Naturally the RAN3 SON based schemes have their limitations. The cell on/off state transitions is relatively slow, and it may take for a UE several hundred of ms to be able to operate in a cell after it 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 [1], 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; moderate to large 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. 
Observation #1: To obtain increased performance benefit for small cell on/off operation, state transition times would need to be reduced.  
The extreme enhancement for small cell on/off operation is that small cells may be turned on/off in subframe level, i.e. dynamic small cell on/off operation. At the moment of a packet arrival, the small cell can be turned on immediately and transmit the packet to a UE, and it can 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 [5], the relatively modest gains do not justify loss of backwards compatibility.
 One proposed approach is to limit small cell on/off functionality to carrier on which RRC_IDLE UEs are not camping, and turning off the functionality 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. 

It is essential to target at balanced trade-off between achievable gains and required specification and implementation efforts. Any of the gains reported in [1] do not justify the considerable specification changes that dynamic small cell on/off operation would require. On the other hand, semi-static transition time scales seem to have potential for yielding moderate gains and facilitating improved network energy efficiency [3]. The mechanisms necessary for optimizing semi-static transition time scales should be studied further to reach reasonable assessment on required standard impacts and achievable performance gains. 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 #2: Further studies and evaluations shall focus on semi-static time scale on small cell on/off transitions.
As discussed in last meetings and reported in [1], two main mechanisms for state transition time scale reduction are currently identified: 
· Discovery signals facilitating UE discovery of dormant cell as well as related UE measurements. Based on the UE measurement reports on discovery signals, network can more accurately select suitable dormant cell to be woken up. 
· Dual connectivity allowing for a faster loading of a woken up cell, possibly by the use of cell activation / deactivation procedure similar to carrier aggregation. 
 The corresponding potential standards impacts are identified in TR36.872 and include [1]:
· Physical signals to assist adaptation, such as DL/UL discovery signals,
· Enhanced network load/utilization metrics and exchange,
· Enhanced procedures for reducing transition feasible time scales, such as simplifying/eliminating handover procedures by utilizing, e.g. dual connectivity,
· Procedures and measurements enhancements for coordinated network decision making.

From the above list, only the first item is within RAN1 scope. Hence we propose: 
Proposal #3: Further RAN1 studies shall focus on enhancements to assist dormant small cell discovery for Rel-12 UEs without penalizing legacy UEs as well as on assessing the achievable benefits. 
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Discovery and wake-up of dormant small cells  
Dormant small cell discovery can be based on either a dormant eNB monitoring UL signals or an UE searching for DL discovery signals transmitted by the dormant eNB. UL based approach utilises existing UL signals than can be triggered by PDCCH. This is a reasonable approach that is supported already in Rel-8. The benefits that can be achieved over existing implementation options e.g. with procedure enhancements appear rather modest. So the tangible benefits of UL signal based mechanisms over existing implementation options should be clarified in future studies. 

Observation #2: The benefits from new standard-supported UL discovery mechanism over existing UL based implementation options need further clarification.
Another option is that UE would discover a dormant small cell based on DL discovery signals transmitted by the dormant eNB. The simplest enhancement could be that PSS/SSS and CRS are transmitted in bursts of few (tens of) subframes having the same structure as the current LTE design. 
Results presented in the accompanying contribution [4] show that sufficient cell discovery is achieved with current PSS/SSS structure even when dormancy is not applied (i.e. legacy signal interference is present) with rather modes averaging in time. Hence, further enhancements are not required on the actual DL signal design or to small cell discovery when the cell is turned on. We can conclude that the potential discovery enhancements can therefore be restricted to small cells in the dormant state. Furthermore, as the existing PSS/SSS/CRS structure has been shown to provide sufficient cell discovery peroformance even when small cell on/off is not applied, it should be more than sufficient in the case of small cell dormancy, as the overall interference level should naturally be lower than in the scenario where the each small cell is on all the time. 
Proposal #4: Further RAN1 studies on discovery signals and mechanisms are limited to enhancing the discovery of dormant small cells based on existing PSS/SSS and CRS signals.  
Modification of current PSS/SSS and CRS transmissions to follow a reduced transmission pattern or burst introduces questions on backward compatibility. It is possible that legacy UE also would identify the discovery signals transmitted by a dormant cell. But it is not clear how the discovery signals would impact the legacy UE behaviour. Further, the impacts on intra-frequency and inter-frequency measurements can be different. Also the impacts on UEs in idle mode need to be considered.
Observation #3:   The impacts from introduction of a DL PSS/CSS/CRS bursts on legacy UEs need to be studied further including the impact to legacy UE behaviour on intra-frequency and inter-frequency measurement and in idle mode.

4
Conclusion  
In this contribution, we present an analysis for small cell on/off operation with following proposals and observations:
Proposal #1:  The backward compatible solutions in 3GPP TR 36.927 for triggering a dormant cell to wake-up shall be taken as the starting point. 

Proposal #2: Further studies and evaluations shall focus on semi-static time scale on small cell on/off transitions.

Proposal #3: Further RAN1 studies shall focus on enhancements to assist dormant small cell discovery for Rel-12 UEs without penalizing legacy UEs as well as on assessing the achievable benefits. 
Proposal #4: Further RAN1 studies on discovery signals and mechanisms are limited to enhancing the discovery of dormant small cells based on existing PSS/SSS and CRS signals.  
Observation #1: To obtain increased performance benefit for small cell on/off operation, state transition times would need to be reduced.  
Observation #2: The benefits from new standard-supported UL discovery mechanism over existing UL based implementation options need further clarification.
Observation #3:   The impacts from introduction of a DL PSS/CSS/CRS bursts on legacy UEs need to be studied further including the impact to legacy UE behaviour on intra-frequency and inter-frequency measurement and in idle mode.
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