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Discussion
1 Introduction
At RAN3#82 a solution was added to the TR [1], based on UL IoT measurements was proposed as an enhancement for pico cell selection for activation in case of congestion in the macro. The solution assumes picos can read IoT measurements even in idle and report them to the macro, which, based on their comparison, can select the most appropriate pico or picos to handle the load. Together with the solution, a list of questions/issues was added. In this paper we try to provide further explanations that address the questions.
2 Discussion

2.1 Clarification of the solution
The solution is based on analysis of the IoT measurements reported from inactive hotspot cells to the coverage eNB. Based on these IoT figures, the controller eNB of the coverage cell may be able to identify the proper hotspot cell(s) that is (are) able to serve the UEs causing the high load. The strategy to activate hotspot cells could be to activate the cells one by one. In case the near-overload situation is not resolved, the next target could be chosen. .  
The issues below have been identified in regard to the solution. Majority of these issues was already discussed and considered resolved when the solution was proposed first in Rel.10. Here, we remind analyses provided in Rel.10 and provide answers to the new issues.
Issue 1: What is the likelihood that the proximity of a UE is detected and the most appropriate hotspot cell is activated?
Answer: This issue can be addressed numerically only for particular deployment and interference scenario. Example deployment scenarios were considered when the solution was first evaluated in [2-3]. The conclusion at the time was that in 2 out of 3 scenarios the IoT method is likely to enable correct selection, while in 1 scenario there is a risk of unnecessary activation of a pico.
Issue 2: How would the IoT measurements be calibrated among the nodes?
Answer: As explained in [2], the basic calibration for a given pico can be done when the pico cell is on: the macro can then record RSRP towards the macro cell recorded from UEs that report proximity of a pico cell. This way, the macro knows what is the “distance” of a pico to the macro antenna and use the information when comparing the IoT measurements reported later.
Issue 3: How would it be possible to distinguish the proximity of several interferers from IoT? 
Answer: If the “interferers” above are non-LTE devices creating interference in LTE band, that can not be identified in IoT measurement and can therefore misguide the macro cell. However, considering that LTE uses licenced bands, the risk of such situation is negligible.
Issue 4: How does this work in TDD where (as discussed in eIMTA) the DL of an eNB interferes on the UL of neighbour eNBs?
Answer: The UL IoT can be performed on the fixed UL subframe only (#2). Alternatively, the macro can provide subframe configuration to the picos, which then could perform IoT measurements on all the UL subframes. This, however, introduces additional complexity and can be considered as an enhancement to the solution.
Issue 5: What is the advantage compared to solution 1 in terms of energy saved and speed of detecting the right hotspot cell.

Answer: The advantage is significant, because solution 1 require signal transmission, which is the most energy-consuming activity of a pico cell, while the IoT measurement is limited to passive signal reception (there is no need to decode the received signal!). Therefore, from energy saving perspective, solution 1 is hardly different than the baseline (normal switching on picos and then letting some of them switch off again). In terms of speed, both methods seem to be comparable.
Issue 6: If considered, is it feasible and advantageous to limit IoT measurements to particular PRBs? 

Answer: the advantage is that the macro that serves the load and knows which UEs can benefit the most if handed over to pico, could limit the observation to the PRBs these UEs are scheduled over. This way the IoT measurements could concern a subset of UEs that the macro wants to be handed over to the picos. However, this enhancement introduces quite a lot of complexity: the scheduling pattern needs to be signaled to the picos, which must be able to configure appropriately the UL IoT measurement unit. Therefore, this is proposed as an enhancement, not an integral part of the solution (analyses in referred above do not take this enhancement into account).
Issue 7: Will the solution have any additional impacts if hotspot cell is deployed with a different carrier frequency as compared to the coverage cell?
Answer: the key advantage is when the picos and macros are deployed on the same bandwidth. If the solution is to be applied in case of multi-band deployment, the picos need to be capable of measuring IoT on different band than the operational one.
2.2 Evaluation

The above enables evaluation of the IoT solution against the criteria listed in the TR:

Complexity:
The complexity of the solution is minimal: it reuses existing radio signalling and hardware. Only small enhancements to the existing X2 signalling are needed (IoT report at least).
Potential ES gain:
The solution enables activation of the most power consuming TX unit at only these pico cells that are indeed needed. Possible imperfection of the selection algorithm will not undermine the gain, because it still limits the number of picos to activate for transmission.

Specification impact:
Only X2AP needs to be enhanced. The measurements are already defined in TS 36.214.
OAM impact:
No specific impact identified. Some needed configuration may reuse that needed for other existing solutions (e.g. pico-macro association, needed for eICIC, too).

eNB impact:
At a macro eNB additional power to execute the selection algorithm; at a pico eNB separation of the RX IoT measurement unit to enable selective activation.

UE impact:
None (the solution does not involve UEs)
The above evaluation of the IoT solution is very similar to the one proposed in the email discussion. Therefore, the same message can be conveyed, with some small changes in the discussed evaluation table.

Other solutions proposed for switch-on enhancements were already discussed. Some key aspects need to be captured, in particular for solution 1: ES gain in case of probing comes from the fact that all picos do not accept UEs during the probing period; later some start accepting traffic, while others are switched off. However, in the reference scenario some picos, which are not located in the areas with traffic will also have no traffic. Therefore, the whole difference is that in the probing case, during the probing time no pico accepts traffic. Moreover, this functionality is optional. Therefore, in terms of ES, this solution offer very little improvement. Also the fact that the activated picos will heavily interfere UEs, if they are deployed on the same frequency band, the impact on the UEs that will not be able to deal with the interference will be disastrous: probing will cause RLFs.

3 Conclusions and text proposal
In the summary, it can be observed that the method, though not perfect, provides a very simple enhancement that can help identify the right pico cell or cells to wake up at negligible cost (only basic receiver needs to be activated – the most energetically expensive processing and transmission units remain suspended). 
The IoT solution is not new: it has been discussed and evaluated extensively in the past and it was decided to be feasible and offering gain. It is therefore proposed to capture the answers above in the TR [1], or to remove the issues from the TR [1]. Also, the evaluation is proposed to be included in the TR [1] (based on the evaluation discussed over email, prior to the meeting).

	*** Fist change ***


4.1.3
Solutions evaluation

The solutions for inter-eNB energy saving enhancement for overlaid scenario are evaluated and compared in the table 4.1.3-1 below.
Table 4.1.3-2: Comparison of solutions for overlaid scenario
	
	Solution-1
	Solution-2
	Solution-3

	Complexity
	Low, since currently defined mechanisms can be used for detecting the appropriate cell.


	The complexity of the solution is minimal: it reuses existing radio signalling and hardware. Only small enhancements to the existing X2 signalling are needed (IoT report at least).
	If there are multiple UEs within the coverage area of different ES cells, it would be complicated for CS cell to determine to which cell the configuration should be sent, as well the possible signaling overload.

	Potential ES gain
	Low: Possible gain comes from not admitting UEs, but as in the problem scenario some picos would also not admit any UEs 


	Medium, here the gain depends on how much energy would be required for the cells to detect the presence of UEs in its proximity. But Possible imperfection of the selection algorithm will not undermine the gain, because it still limits the number of picos to activate for transmission. 
	Medium-High, depending on the coverage cell accurately detecting the presence of UEs in proximity of ES cells, as well as the energy spent for measuring UL signals of UEs.

	Specification impact
	Low, assuming that the reference signals is sent by the ES cell for e.g. in an implementation specific manner.


	Only X2AP needs to be enhanced. 
	The UE configuration exchange related IEs needed to be defined, the impact would depend on the details that need to be standardized.

	OAM impact
	Possible switch ON thresholds needs to be defined in OAM so that the configuration could be shared with pico-macro cells. The impact would be similar for all three solutions.
	None
	Similar for all three solutions.

	eNB impact
	Medium, sending of reference signals alone needs to be implemented in eNBs for energy saving state.
	For the same frequency: none;

For different frequency: medium (possibly separate IoT RX unit).

	Medium, UEs’ UL measurement detection needs to be implemented.

	UE impact
	In case of the same frequency and non-IC capable UEs: causes RLF;

In other cases: none.
	None
	None


	*** Remaining text not changed ***
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