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1
Introduction
In the RAN1 73# meeting, some contributions [1][2][3] showed small cell on/off can bring decent benefits for interference reduction and network energy saving. Meanwhile, foreseeable impact on legacy UE devices has also been raised. In order to further investigate actual performance with realistic small cell on/off timescale assumption, simulation assumptions have been discussed and agreed in the RAN1 email reflector. In this contribution, we will analyze the energy saving potential with some small cell on/off time scales.   
2
Small cell on/off schemes analysis  
As the traditional network energy saving solution, SON based cell on/off scheme [4] shows clear benefits in real deployments, especially for very low load cases. In order to achieve substantial network energy efficiency, targeted cell is allowed to turn off the RF and baseband components completely. The natural starting point for Rel-12 work is to see if network energy efficiency can be improved further with reasonable effort, taking into account standardization and implementation impact as well as the support for legacy UEs.

As discussed in [1] one way to characterize on/off schemes is according to the feasible time scale, i.e. how dynamically cells can be switched on / off. Based on the work carried out earlier in the 3GPP, one could list some dormancy related techniques according to the time scale: 

· In one extreme, small cells can be turned on and off in a fully proprietary manner without any specification support. This kind of approach may be reasonable e.g. during night time, when the amount of offered traffic can be assumed to be low. The drawback of this solution is that the mechanism is quite static and fits poorly the cases when there is even a low load in a given geographical area.

· Operational Carrier Selection (OCS), as discussed in e.g. [5] provides further possibilities for turning on/off small cells, while having very modest specification impact without having any UE /L1 impact at all.

· In order to enable more dynamic on/off operation, further UE involvement into small cell on/off decision could be considered. In that context, discovery signals, enabling the UE to find the small cells during dormant times could be studied further. 

· In the other extreme, i.e. dynamic cell on/off, Stand-alone New Carrier type can be seen as the most ambitious approach to enable small cell on/off. However, as discussed in [6], NCT involves also very significant modifications to specifications across multiple radio layers as well as implementation, and does not permit the legacy UEs to access the cell.  

From the above, one can observe a clear trade-off between the dynamics of the Small cell on/off switching time scale and the specification and implementation complexity. Moreover, the more dynamic on/off switching is supported, the larger is the impact on the legacy UEs. RAN1, along with other RAN WGs, needs to keep this fine balance between gain vs. pain carefully in mind when considering further work to better support small cell on/off switching. 

The analysis in this contribution focuses on energy saving potential of small cell/on off. From the throughput point of view, as studies on NCT indicate [6], we do not expect small cell on/off to provide any significant improvement compared to state of the art baseline.

3
Energy efficiency evaluation for small cell on/off  
Based on the email dicussion for simulation assumptions, some evaluations are made. We compared different on/off time scales in Scenario 2a with one cluster of 4 small cells in each Macro cell. Main simulation configurations, in addition to the ones agreed in [7], are listed as follow:
· Baseline scheme: legacy eNB transmitting CRS etc continuously, using Rel-8 TM4 with 2*2 antenna configuration
· Ideal Dynamic ON-OFF: when there is no data in the buffer, transmitter is turned off immediately (0 ms on/off delay)
· Fast ON-OFF:
·  If small cell has no UE packet, shut down the transmitter with 100ms delay as observing time, then enter into dormant state. Here the observation window is assumed as eNB preparation time for turning off.
·  If dormant cell gets new data packet for a UE, turn on the cell after 50ms delay
· Within transition delay, CRS interference is modeled

· Moderate ON-OFF:
·  If small cell has no user packet, shut down the transmitter with 100ms delay as observing time, then enter into dormant state. Here the observation window is assumed as eNB preparation time for turning off. 
· If dormant cell gets new data packet for a UE, turn on the cell after 200 ms delay
· Within transition delay, CRS interference is modeled 

· State transition procedures 
· State transitions were modeled as in Figure 1.
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Figure 1. Small cell state transitions in the simulated scenarios. 
In order to get an idea of the energy saving potential of the different on/off time scales, low load and high load case are simulated, with offered loads of 10 Mbps/cello and 40 MBps/cell, respectively. It should be noted that only small cell layer statistics are given due to only small cell layer on/off for scenario 2a case. The figure 2 shows the active subframe ratio for the simulated on/off time scales. Here, an active subframe refers to a subframe where at least some signals (e.g. CRS) are transmitted. Because the baseline is assumed as normal Rel-8 system without any power saving mechanism, active subframe ratio is reduced significantly when on/off operation is applied especially in low load case. It should be noted that active subframe ratio does not directly represent the energy saving achievable in the network, but nonetheless gives an indication of the potential for improvement.   
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Figure 2. Active subframe ratio for small cell scenario 2a with low (10 Mbps/cell) and high (40 Mbps/cell) load with various on /off switching time scales.
From Figure 2 we can observe that significant part of the energy saving potential can be harvested with moderate time-scale of 100 ms off / 200 ms on switching delay. With more dynamic time scale, the active subframe ratio can be reduced further. We suggest that further work in 3GPP focuses on evaluating the throughput impact of the different on/off switching time scales and especially the implementation and standardization impact of faster on/off switching including the handling of legacy devices. Furthermore, as mobility and RRM measurements may be impacted, RAN2’s significant involvement will be required in the future. 
4 Conclusion
In this contribution, we presented an analysis for the energy saving potential via small cell on/off switching. The results show that in terms of active subframe ratio, especially in low load cases there is significant potential for reducing the small cell on-durations. However, further study is needed in terms of benefits of more dynamic on/off solutions than what the currently available mechanisms allow for. These studies should include TPut evaluation and also evaluate the impact on legacy UEs. Furthermore, as mobility and RRM measurements may be impacted, RAN2’s significant involvement will be required in the future.   
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