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1. Introduction
Some focused considerations of energy saving SI like Inter-RAT scenario, No holes introduction, User accessibility, Switch off decision and  Compensation mode are captured in [1][2] in last RAN3 meeting and in [3] in last RAN plenary.
This paper would like to discuss some potential problems introduced by energy saving and feasible solutions.
2. Discussion
2.1. Potential problems introduced by autonomous switching off
Inter-eNB energy saving scenario is shown in Fig1.

Fig.1 Inter-eNB scenario

Case 1: the load of cell 1, cell 2 and cell 3 are zero, according to current specified solution, the cell 1, cell 2, cell 3 can all be switched off by local decision if they all don’t know who should keep providing the basic coverage and it is quite reasonable, but in that way, the coverage hole appears. 

Case 2: if the load of cell 1, cell 2 are low, they both start to switch off autonomously, and select each other to offload because of the load of cell 3 is high, based on current specification, they will receive “Switch Off Ongoing” and not be able to finish the offloading, hence both have to stop the energy saving, which introduces the unnecessary outgoing handover, and may re-start energy saving procedure again.
Case 3: if the load of cell 1, cell 2 and cell 3 are low, the cell 1 and cell 2 start to switch off autonomously, and select cell 3 as offloading target, but if cell 3 can accept only one of them for offloading, they may both have to stop the offloading in halfway, or one of them (e.g. cell 1) fortunately finishes the offloading and be switched off, however the unbalance of load between cell 2 and cell 3 is increased at the moment, the cell 3 will perform more outgoing handovers to cell 2 for load balancing. 
If some negotiation is applied between cell 1 cell 2 and cell 3 before the autonomous switching off, the above unexpected results could be avoided.    
Inter-RAT energy saving scenario, LTE is deployed with 2G/3G overlay as shown in Fig. 2. 


Fig. 2 Inter-RAT scenario

The coverage hole will also occur when cell 1, cell 2 and cell 3 are all switched off autonomously in case that they all don’t know who should keep providing the basic coverage. In inter-RAT scenario, if a RAT only UE exists and the cells of that RAT are switched off, the coverage hole occurs from that UE’s perspective. It seems more easily to introduce the coverage hole in Inter-RAT scenario due to the limitation of user accessibility. 
Case 4: assuming load of LTE Cell 3 < 3G Cell 2 < 2G Cell 1, the Cell 3 decides to switch off autonomously according to the acquired load information, however if there are lots of LTE/3G(/2G) UE in Cell 2, they will lose the chance to enjoy LTE high speed service or the Cell 3 will be switched on/off frequently. If there are no 3G only UE in Cell 2, and the load of Cell 2 is not too heavy, in such case, the better choice is to switch off Cell 2.
So that autonomous switch off should be carefully applied, especially in Inter-RAT scenario.
2.2. Feasible solutions
In order to avoid coverage hole introduced by autonomous switching off, the following solutions could be used:

（1） Configure one of the relative cells to providing basic coverage via OAM, and forbid it to switch off.
（2） Negotiate among the relative cells and elect one of them to providing basic coverage, and don’t switch it off. 
（3） Switch off all the relative cells, and ask the neighbor cell(s) to provide the compensation.
（4） Switch off all the relative cells, and activate one/some of them in time.
The efficiency and complexity of the above energy saving solutions are listed as followings: 
Table 1 Comparison of energy saving solutions

	Solution
	Efficiency
	Complexity

	( 1 )
	low/mid
	low

	( 2 )
	mid
	low

	( 3 )
	mid/high
	high

	( 4 )
	high
	mid/high


Solution (1) is a simple way, but it will cost a lot of manual intervention because the configuration shall preconfigured based on the whole network, which is also lack of flexibility.
Due to the high complexity of compensation mode (e.g. tilt adjusting), solution (3) could be considered as the lowest priority.

Regarding to solution (4), the sleeping cell could be activated by the neighbor cell when the UE in connected mode is moving close to it, but for the idle mode UE who is moving close to or already in that dormant area, will not be able to find the network, it seems difficult to solve the problem.       
Comparatively, solutions (2) is a much effective and flexible solution, it is better to negotiate with the relative neighbor cells before switching off, especially in Inter-RAT scenario. For example, in case 4, before the cell 3 performs offloading and entering into dormant mode, it should send a request to the cell(s) with low load (e.g. cell 2), if cell 2 doesn’t accept the request (e.g. there are lots of LTE supporting UE), the cell 3 shall give up to do the energy saving action. The cell 2 may also perform energy saving and send request to the cell 3, after receiving the accept response, it can offload to neighbours and enter into dormant mode.  
3. Conclusion

According to the above analysis and discussion, we would like to propose: 

Proposal: The negotiation among the relative neighbor cells should be applied before autonomous switching off, especially in Inter-RAT scenario.
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