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1 Introduction
In the last RAN3 meeting, several solutions as well as evaluation and comparison among these solutions have been discussed and captured into TR 36.927 against open issue: How to exit dormant mode efficiently?  
This document first discusses some aspects that should be considered when choosing the most appropriate EUTRAN cells to switch on, then an enhanced cell wake up scheme based on UE measurements (an enhancement to solution D) is proposed and the proposed scheme is evaluated according to the criteria determined in previous RAN3 meetings.
2 Discussion
All the solutions captured in the TR take the only factor, offloading capability, into account when choosing correct E-UTRAN cells to switch on. This means, if one cell is assumed to be with a high offloading capability, it will be switched on and work at highest transmit power level. Actually, in our opinion, the following factors should also be considered when choosing the most appropriate E-UTRAN cells to switch on:
· Estimated decreasing level of coverage cell’s load

Because the coverage cell will never be switched off in order to provide basic coverage, if the load is too low or even zero, it is somehow a waste of resource and power. So when the coverage cell detects high load and need to wake up some E-UTRAN cells, the estimated decreasing level of its load should be considered to ensure the coverage cell not being in the status of too low load or even zero load after some appropriate E-UTRAN cells are switched on. 

For example, in Figure 1, both cell A and cell B can offload much of coverage cell’s load when switched on. But if the coverage cell activates both cell A and cell B, its load will decrease to a very low level which will be a waste of resource and power. So the correct decision is that the coverage cell activates one of the E-UTRAN cells and leaves another in dormant mode and after that the coverage cell’s load will decrease to an appropriate level instead of a very low level.
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Figure 1: Coverage cell activates one of the E-UTRAN cells and leaves another in dormant mode
· Estimated user distribution of E-UTRAN cells after switched on

After some E-UTRAN cells are switched on, we expect the coverage cell’s load could decrease to an appropriate level, and at the same time we also expect that the user distribution of E-UTRAN cells switched on is good enough, e.g. most of users distribute in cell centre for the reason of reducing interference between coverage cell and E-UTRAN cells. If coverage cell knows the estimated user distribution of E-UTRAN cells after switched on, it allows to select the ‘most appropriate cells’. Same example as mentioned above, though both cell A and cell B can offload much of coverage cell’s load and make it decrease to an appropriate level after switched on, but the user distribution of cell B is better than that of cell A. So the coverage cell should select cell B to switch on and leave cell A in dormant mode which is illustrated in Figure 2.
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Figure 2: Coverage cell activates E-UTRAN cell B and leaves cell A in dormant mode
· Transmit power level of E-UTRAN cells after switched on

In some scenarios, E-UTRAN cells which are selected to be switched on just need to transmit at an appropriate power level (a power level lower than maximum transmit power) to offload coverage cell’s enough load and make it decrease to an appropriate level, which will match E-UTRAN cells’ transmit power with coverage cell’s load well and save more energy. 

An example is illustrated in Figure 3. If we activate only one of E-UTRAN cell C and cell D, coverage cell cannot move out enough load. But if both the cells are activated and transmit with maximum power (corresponding to dotted line), the coverage cell’s load will decrease to a very low level which is a waste of resource and power. So the reasonable decision is that coverage cell switches on both the cells with lower transmit power (corresponding to solid line).
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Figure 3: E-UTRAN cell C and cell D are switched on and transmit at an appropriate power level.
Based on the discussion above, the observations are provided as follows:

Observation 1: Estimated decreasing level of coverage cell’s load should be considered when choosing appropriate E-UTRAN cells to switch on.
Observation 2: Estimated user distribution of E-UTRAN cells after switched on should be considered when choosing appropriate E-UTRAN cells to switch on.

Observation 3: Transmit power level of E-UTRAN cells after switched on should be considered when choosing appropriate E-UTRAN cells to switch on.

3 Enhanced cell wake up scheme based on UE measurements
Enhanced cell wake up scheme based on UE measurements
As an enhancement to Solution D, during the decision process of which cells to open, the set of candidate dormant E-UTRAN cells may be configured to have one or more power levels to send their pilot signal in one or more probing intervals, respectively. For instance, the set of dormant E-UTRAN cells selected by the coverage UTRAN/GERAN cell may first transmit their pilots at a low power level. 
If the corresponding measurement and feedback result from the UEs in the coverage cell show that the estimated offloading of E-UTRAN cells at the current power level is not sufficient, the candidate dormant E-UTRAN cells will then increase the power level of their pilot signal in the second probing interval. 
All of the UEs (or part of them, e.g. the UEs that have reported last time can be excluded) are configured to perform the measurement and feedback procedures again. Based on the measurement results of both times, the UTRAN/GERAN coverage cell will then determine which E-UTRAN cells should be switched on at what power level. This is a process so called “stepwise power increase”, where the power can ramp until the proper set of offloading E-UTRAN cells is selected or the limitation of the Max Tx Power is reached. 
The long term statistic load information (e.g spatial traffic distribution over different time periods) of the considered area may be used to help exclude some cells from the set of candidate dormant mode E-UTRAN cells, at the beginning of the algorithm.
The key advantages of this stepwise procedure are two-fold. Firstly, the E-UTRAN cells that are switched on can work at lower power level compared with the original Solution D. Secondly, by setting proper selection criterion, the UE distribution in the E-UTRAN cells that are switched on can be guaranteed no worse than that in Solution D, i.e. higher density around the E-UTRAN BS. 
Proposal: It is proposed that RAN3 enhance the solution D based on the above mentioned stepwise power ramping procedure in section 5.1.2.3 and 6.1.2.2 of TR36.927. 
4 Summary
RAN3 is kindly asked to agree on these observations and proposal below and capture them in TR36.927:

Observation 1: Estimated decreasing level of coverage cell’s load should be considered when choosing appropriate E-UTRAN cells to switch on.

Observation 2: Estimated user distribution of E-UTRAN cells after switched on should be considered when choosing appropriate E-UTRAN cells to switch on.

Observation 3: Transmit power level of E-UTRAN cells after switched on should be considered when choosing appropriate E-UTRAN cells to switch on.

Proposal: It is proposed that RAN3 enhance the solution D based on the above mentioned stepwise power ramping procedure in section 5.1.2.3 and 6.1.2.2 of TR36.927. 
5 Text Proposal for TR36.927

	Start of change


5.1.2.3
How to exit dormant mode efficiently?

Solution A: No assistance
When some E-UTRAN cells are in dormant mode and the load increases on the UTRAN/GERAN coverage cells, the UTRAN/GERAN coverage cells may not know the most appropriate E-UTRAN cells to wake-up. The overloaded coverage cells may request wake-up of one or more of the neighbouring dormant E-UTRAN cells. The final decision to leave dormant mode is however taken by the E-UTRAN cell based on information locally available.

Some possible enhancements to optimize switch on decisions are reported below, whereby the actual “switch on” decision algorithm implementation could be based on one or several of these enhancements:
Solution B: OAM predefined ‘low-load periods’ policies

When the coverage UTRAN/GERAN cell detects high load, it uses a proprietary algorithm to decide which E-UTRAN cells should be activated.  

The algorithm could rely on pre-defined ‘low-load periods’ policies for each neighbour E-UTRAN cell. The ‘low-load periods’ information can first be derived from OAM based performance counters, and then the decision implemented in the coverage cell.

Solution C:  IoT measurements

When the coverage UTRAN/GERAN cell detects high load, it can request some dormant E-UTRAN cells to switch on their listening capability to perform and report Interference over Thermal (IoT) measurements [4].

Solution D: UEs measurements
When the coverage UTRAN/GERAN cell detects high load, it can request some dormant E-UTRAN cells to transmit the pilot signal (e.g. reference signal in LTE) for at least a short time interval i.e. the so-called ‘probing’ interval. After this interval, all or some E-UTRAN cells will return to dormant mode. The UEs covered by the coverage cell will be configured to perform Reference Signal (RS) measurements from the E-UTRAN cells during this interval and send feedback (the same approach as defined for mobility purposes [6] could be used). Based on the measurement results, the UTRAN/GERAN coverage cell will then determine which E-UTRAN cells should be switched on. The set of candidate dormant E-UTRAN cells may be configured to send their pilot signal in multiple probing intervals with each having different power level, as a stepwise power ramping procedure. 
Solution E: Positioning information

When the coverage UTRAN/GERAN cell detects high load, it can use a combination of UEs locations, cell locations, and cell radii/transmit powers in deciding which E-UTRAN cells should be switched on (e.g. cells that cover the UEs). 

Furthermore, a timer value can be included in the activation request message sent from the UTRAN/GERAN coverage cell to the selected E-UTRAN cells. At the expiry of this timer, each cell verifies if the condition required for staying on has been met, and if not, it autonomously switches off again. 
	Next change


5.1.3
Evaluations and comparisons

In this section of the TR, the described cell switching procedures for Energy Saving are evaluated and compared. In addition, all enhancements for signalling-based cell switching approach are also evaluated.

	Criteria
	Cell switch on/off based on centralized OAM decisions
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	
	No assistance
	OAM Predefined ‘low load periods’ policies
	IoT measurements
	UE measurements
	Positioning information

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible.
	Feasible

	Applicability
	Applicable 
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable



	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
(*Note 1)
	Medium: 

- Common O&M or synchronised O&M between RATs is required. 

- complexity also depends on the requested level of information to be provided from the RAN to O&M. 
	Medium:

– Additional network signalling is needed for activate and deactivate unnecessary cells.  


	Medium:

- OAM sync is not needed.

- Statistics information is needed.
	High:

- IoT measurements of legacy RAT is needed in the hotspot cell in ES mode. 


	High:

- Creation of a new cell state (probing phase) for neighbour relation handling
	Medium:

- need to collect position information for significant number of UEs. 



	Potential ES gain
(*Note 2)
	- Medium since OAM based solution is relatively static 
	- Low because many neighbouring sleeping eNBs are turned on even if these eNBs are not useful.
	- Medium since it has the risk of statistic information is unable to reflect the real conditions. 
	- High, but possibly limited accuracy of IoT measurement and thresholds may reduce the efficiency of the method.  

- Accuracy could be increased at the cost of complexity
	- High 

Because most useful cell with good user distribution could be selected and may transmit at lower power level.
- This is possibly reduced by energy consumption during the probing phase.
	- Medium  

UE positions and link budgets are not fully correlated. The method may therefore have a limited efficiency. 

- Additional gain could be obtained at the cost of complexity

	Specification impact
	No impact on RAN specifications. 
	Inter-RAT signalling for cell switching on/off 
	Inter-RAT signalling for cell switching on/off
	-Inter-RAT signalling for cell switching on/off

- IoT measurements reporting may be added for accuracy.
	-Inter-RAT signalling for cell switching on/off and probing trigger
-Stepwise power ramping procedure need be captured.
	Inter-RAT signalling for cell switching on/off  

	OAM impact
	High
	Low
	Medium
	Low
	Low
	Medium because location and coverage information is needed. 

	eNB impact
	Not foreseen
	Low
	Low
	High, because additional UL receiver
	Medium, new "probing" cell state.
	Low 

	UE impact
	Not foreseen.
	Not foreseen.
	Not foreseen.
	Not foreseen.
	Negligible, additional measurements will be required during probing phase.
	None to low depending on the positioning mechanism 


*Note1: OAM Sync means OAM for different RAT should be synchronized.

*Note2: Qualifiers are relative to each other, they do not reflect the overall energy savings gains. The overall energy savings gains have not been quantified.

	Next change


6.1.2.2
How to exit dormant mode efficiently

When some E-UTRAN hotspot cells are not active and the load increases on the E-UTRAN, the E-UTRAN coverage cells may not know the most appropriate E-UTRAN cells to wake-up. The overloaded coverage cells may request wake-up of one or more of the neighbouring dormant E-UTRAN cells. The final decision to leave dormant mode is however taken by the E-UTRAN cell based on information locally available.
Some possible enhancements to optimize switch on decisions are reported below, whereby the actual “switch on” decision algorithm implementation could be based on one or several of these enhancements:
Solution A:  OAM predefined ‘low-load periods’ policy

When the coverage cell detects high load, it uses a proprietary algorithm to decide which hotspot cells should be activated.  The algorithm could rely on pre-defined ‘low-load periods’ for each neighbour hotspot cell. The ‘low-load periods’ information can first be derived from OAM based performance counters, and then configured in the coverage cell.

Solution B: IoT measurement
When the coverage cell detects high load, it can request some dormant hotspot cells to switch on their listening capability to perform and report Interference over Thermal (IoT) measurements [4].

Solution C: UEs measurement

When the Coverage cell detects high load, it can request some dormant hotspot cells to transmit the pilot signal (e.g. reference signal in LTE) for at least a short time interval i.e. the so-called ‘probing’ interval. After this interval, all or some hotspot cells will return to dormant mode. The UEs covered by the coverage cell will be configured to perform Reference Signal (RS) measurements from the hotspot cells during this interval and send the feedback (the same approach as defined for mobility purposes [6] could be reused). Based on the measurement results, the coverage cell will then determine which hotspot cells should be switched on. The set, of candidate dormant hotspot cells, may be configured to send their pilot signal in multiple probing intervals with each having different power level, as a stepwise power ramping procedure. 
Solution D: Positioning information

When the coverage cell detects high load, it can use a combination of UE locations, cell locations, and cell radii/transmit powers in deciding which hotspot cells should be switched on (e.g. cells that cover the UEs). Furthermore, a timer value can be included in the activation request message sent from the coverage cell to the selected hotspot cells. At the expiry of this timer, each cell verifies if the condition required for staying on has been met, and if not, it autonomously turn off cells again.  
	Next change


6.1.3
Evaluations and comparisons

In this part, all enhancements for cell exiting dormant mode will be evaluated here. Information beneficial for energy saving, e.g. traffic thresholds, time duration, power consumption, may be used if available.

	Criteria
	Baseline Rel-9
	Switching on based on predefined low-load periods
	Switching on based on IoT measurement
	Switching on based on UE measurement
	Switching on based on positioning

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible

	Applicability
	Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low:

– Additional network signalling is needed for activate and deactivate unnecessary cells.  


	Low:

- Specific configuration information is required and will need to be updated.
	Medium:

- IoT measurements and signalling is needed between hotspot cells in energy saving mode and coverage cell.
	Medium:

- interference issue during probing phase for intra frequency case- Creation of a new cell state (probing phase) for neighbour relation handling
	Medium:

- need to collect position information for significant number of UEs. 



	Potential ES gain
(*Note 1)
	- Low because many neighbouring sleeping eNBs are turned on even if these eNBs are not useful.

(TBD)
	- Medium since it has the risk of statistic information is unable to reflect the real conditions.

(TBD)
	- High, but possibly limited accuracy of IoT measurement and thresholds may reduce the efficiency of the method.  

- Accuracy could be increased at the cost of complexity

(TBD)
	- High because most useful cell with good user distribution could be selected and may transmit at lower power level.
- This is possibly reduced by energy consumption during the probing phase.

(TBD)
	- Medium  

UE positions and link budgets are not fully correlated. The method may therefore have a limited efficiency. 

- Additional gain could be obtained at the cost of complexity

(TBD)

	Specification impact
	Covered by R9 solution.
	None
	X2 signalling for reporting IoT measurements
	-X2 signalling for probing trigger messages
-Stepwise power ramping procedure need be captured.
	S1 signalling for UE positioning retrieval

	OAM impact
	Covered by R9 solution.
	Low
	Low
	Low
	Medium (need for detailed coverage information).

	eNB impact
	Covered by R9 solution.
	Low
	Medium, additional UL receiver for inter-frequencies
	Medium, new "probing" cell state.
	Medium, location client in the eNB 

	UE impact
	Not foreseen.
	Not foreseen.
	Not foreseen.
	Not foreseen for intra-frequency case, Negligible for inter-frequency case
	None to low depending on the positioning mechanism


*Note1: Qualifiers are relative to each other, they do not reflect the overall energy savings gains. The overall energy savings gains have not been quantified.
	End of changes
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7 Annex, Evaluation of proposed scheme 

The evaluation of the proposed enhancement of solution D according to the criteria determined in previous RAN3 meetings is provided as follows:

	
	Inter-RAT scenario 1
	Inter-eNB scenario 1

	Feasibility
	Feasible

	Applicability
	Applicable

	Backward compatibility
	Yes

	Complexity
	High

· Creation a new cell state (probing phase) for neighbour relation handling.
	Medium
· interference issue during probing phase for intra frequency case- Creation of a new cell state (probing phase) for neighbour relation handling

	Potential ES gain 
	High

· Because most useful cell with good user distrubution could be selected and may transmit at a lower power level.
· This is possibly reduced by energy consumption during the probing phase.
	High
· Because most useful cell with good user distrubution could be selected and may transmit at a lower power level.
· This is possibly reduced by energy consumption during the probing phase.(TBD)

	Specification impact
	· Inter-RAT signalling for cell switching on/off and probing trigger.
· Stepwise power ramping procedure need be captured.
	· X2 signalling for probing trigger messages.
· Stepwise power ramping procedure need be captured.

	OAM impact
	Low

	eNB impact
	Medium, new “probing” cell state.

	UE impact
	Negligible, additional measurements will be required during probing phase.
	Not foreseen for intra-frequency case, Negligible for inter-frequency case.
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