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1   Introduction
Three possible solutions for switch-on enhancement in the overlaid scenario have been included in the TR [1]:

Solution 1: UE detection of DL signalling from the hotspot cell

Solution 2: IOT measurement by the hotspot cell

Solution 3: Detection of UL signals by the hotspot cell
In this contribution we evaluate these solutions based on the criteria agreed at RAN3 #82. Furthermore, the pros and cons of each of the solutions are outlined.

2   Evaluation of solutions
Solution 1: UE detection of DL signalling from the hotspot cell

The benefits of this solution have been shown in several contributions (see [2] to [5]) and an IE has been standardised in the Cell Activation Request message in Rel-11 for the inter-RAT scenario. 
The main concern is the interference presented from the probing hotspot eNB to UEs connected to the coverage eNB during the probing period. This issue is addressed in [6].

This solution only requires a single new IE on the X2-AP for the coverage eNB to trigger the hotspot eNB to transmit downlink reference signals for a certain time period, similar to that defined for the already standardised inter-RAT case.

Solution 2: IOT measurement by the hotspot cell

The solution relies on IoT measurements taken by the deactivated hotspot cells and reported to the macro base station (i.e. coverage cell).  Based on the reported IoT measurements, hotspot cells are chosen for activation [7]. 

The main advantage of this solution is that it does not trigger any hotspots or UEs to send transmissions or measurement reports because it uses IoT measurements for uplink transmissions that would anyway be occurring when the UEs are connected to the macro base station.
However, there are several disadvantages of this solution, making it much less attractive:

· IoT measurements are inherently inaccurate because the uplink interference originating  from the surrounding UEs heavily depends on their respective path-loss conditions towards their serving cells. Additionally, interference is measured from UEs which will not connect to the hotspot (when activated), e.g. active UEs in coverage cells different from the one where the hotspot cell is. Furthermore, if the coverage and hotspot eNBs use different frequencies then the interference measurements may not be representative of the traffic presented to the hotspot if it were to be switched on. For these reasons, incorrect hotspots may be activated, resulting in energy losses.
· If the macro base station and hotspots operate on different frequencies, then hotspots must be equipped with IoT measuring units, resulting in additional complexity.

The following standardisation impact is envisaged: New IEs or messages on X2-AP are required to trigger the hotspot cells to take IoT measurements. Furthermore, new IEs or messages on X2-AP are needed to report back IoT measurements to the coverage cell. 
Solution 3: Detection of UL signals by the hotspot cell

In this solution, UEs are triggered to transmit uplink signals (e.g. Random Access Preambles, SRS, or DM-RS) which are detected by the hotspot cell and reported  back to the coverage eNB [8].
There are several outstanding limitations and disadvantages of this solution:

· It is not clear whether or how UEs are selected to send uplink transmissions. If all active UEs within a coverage cell are triggered to send the uplink transmissions this leads to reduced battery life. In particular those UEs which are not covered by the hotspot cell will unnecessarily transmit in UL leading to reduced UE battery life.

· The additional transmission of uplink signals for detection at the hotspot cell results in increased uplink interference. This is true in particular if the active UEs, configured by the coverage cell to transmit the uplink signals, are just outside the coverage area of an active hotspot cell.
· Active UEs that perform uplink transmissions consume useful uplink resources from the coverage eNB that are not available for their original purpose. This is especially true for RACH and SRS. 

· If RACH is used, then RACH uplink transmissions will only be sent by UEs at session setup, handover, or if synchronisation is lost. The insignificant number of transmissions due to these events do not allow the coverage cell to accurately predict which hotspot should be switched on.
· A major limitation of this solution is that tight time synchronisation is required between the coverage eNB and hotspot eNB, as stated in [8]. This is a highly undesirable requirement from an operator perspective.
· If the coverage eNB and hotspot eNBs operate on different frequencies, then hotspots must be equipped with RACH/SRS measuring units, resulting in additional complexity.

The following standardisation impact has been stated in [8]: New IEs or messages on X2-AP are required for the coverage eNB to send the SRS configuration to the hotspot eNB. Furthermore, new IEs or messages on X2-AP are needed for the hotspot eNB to send detection information to the coverage eNB, which can make the switch-on decision and signal this to the hotspot eNB. 
Comparison table
Based on the analysis of the three solutions the following table is recommended for inclusion in the TR:
	
	Solution 1: DL-based
	Solution 2: IoT
	Solution 3: UL-based

	Complexity
	This method re-uses existing signalling on the radio interface and existing UE measurement procedures. Only a small enhancement (timer) to X2-signalling is required, similar to that already standardised for the inter-RAT case in Rel-11.
	This method requires two enhancements to the X2-AP including reporting of IoT measurements from the hotspot eNB to the coverage eNB.
For the case where the coverage eNB and hotspot eNB use different frequencies, hotspots will need to be equipped with IoT measuring units.


	This method requires two enhancements to the X2-AP including reporting of detection information from hotspot eNB to coverage eNB.
Tight time synchronisation is required between the coverage and hotspot eNBs.

UEs not in the proximity of any hotspot will transmit unnecessarily.

For the case where the coverage eNB and hotspot eNB use the different frequencies, hotspots will need to be equipped with RACH/SRS measuring units.


	Potential ES gain
	High: 
Using this method the coverage cell accurately detects presence of UEs in the proximity of picocells using UE measurement reports. A negligible amount of energy is consumed due to picocells transmitting presence signals during the probing period. 

	Low: 
The IoT-based solution uses interference measurements which have inherent inaccuracies. Therefore incorrect hotspots may be switched on. 
	High for the case of SRS if all active UEs in the area covered by the coverage eNB are configured to transmit SRS.
Low for the case of RACH because of the insignificant number of uplink transmissions.


	Specification impact
	One IE or message on X2-AP: 
-timer to indicate how long the hotspot should transmit presence signals.
	Two IEs or messages on X2-AP:
-trigger from the coverage eNB to the hotspot eNB to take IoT measurements

-IoT measurement reporting from the hotspot eNB to the coverage eNB
	Two IEs or messages on X2-AP:
-SRS configuration sent from coverage eNB to hotspot eNB

-detection information report from hotspot eNB to the coverage eNB 



	OAM impact
	None
	None
	None

	eNB impact
	None
	IoT measuring unit required for case where coverage eNB and hotspot eNB use different frequencies.

	RACH/SRS measuring unit required for case where coverage eNB and hotspot eNB use different frequencies


	UE impact
	UEs perform measurements and send measurement reports to the coverage eNB.
	None
	UL transmissions from all active UEs.


Table 1: Comparison of solutions for overlaid scenario
3   Conclusion
In this contribution we have compared the switch-on enhancement solutions for the overlaid scenario. It is recommended that Table 1 be included in the TR.
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