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1 Introduction

In the energy saving study item, both inter-eNodeB and inter-RAT energy saving scenarios are being considered. In both of these cases, a specific challenge occurs for the scenario with a coverage cell and hot-spot deployments (described in [1]): in energy saving mode, which dormant hotspot(s) should be switched on when the traffic level in the coverage cell increases? One energy saving solution proposal to tackle this issue was made in [1] based on uplink Interference over Thermal (IoT) measurements at the hot-spot base stations. 
In this paper we propose another solution framework that can be deployed both in the inter-eNodeB and inter-RAT energy saving scenarios based on short-time (i.e. ‘probing’) pilot transmission from the hot-spot cell and UE measurements. This solution provides reliable switch-ON decisions and system stability and results in considerable energy saving gain.   

2 Problem Definition
The scenario under investigation is presented in Figure 1 where we have two situations:

a) Intra-LTE scenario: The coverage Cell A and the hot-spot cells B, C, D are LTE base stations.

b) Inter-RAT scenario: The coverage Cell A is from a legacy RAT (e.g. UTRAN or GERAN) and the hot-spot cells B, C, D are LTE base stations.
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Figure 1. Hotspot deployment with micro/pico cells B, C, D an coverage umbrella cell A.
If the loads in the hot-spot cells B, C, and/or D are low for a significantly long period of time, one or more of these hot-spot cells can be deactivated and transit to dormant mode. The deactivated cell is neither able to serve active users, nor able to broadcast any information. 

In case of increased traffic, a deactivated cell is triggered to switch on via the O&M or its neighbours. For example, the coverage cell A in Figure 1 becomes congested and one or more hot-spots B, C, and/or D are triggered to reactivate.
The problem at hand is how to decide which of the hot-spot neighbours should be reactivated so that a switch ON trigger can be sent to them. The existing solution framework (i.e. Release 9), which switches on all hot-spots that have neighbour relations with the coverage cell and subsequently switches them off if the hot-spot serves low traffic, is sub-optimal because:

a) Energy saving gains are drastically reduced due to the fact that some hot-spot cells are unnecessarily switched on. Additionally, a sufficiently long period of time is required to gather statistics in order to switch-off the hot-spot cells that were wrongly activated.

b) Unnecessary traffic ping-pong and signalling are introduced between the umbrella cell and the hot-spot cells that were wrongly switched on.
3 Proposed solution

The solution to the problem presented in Section 2 is as follows. The coverage cell triggers the hotspot cells to enter into a ‘probing’ mode. In the ‘probing’ mode, for the purpose of the solution, the hotspot cells are required to announce their presence via transmission of pilot signals (e.g. reference signal in LTE) for a short period of time. In this way the UEs within the coverage area of the coverage cell A can perform signal level and quality measurements on the hot-spot pilot signals (e.g. RSRP and RSRQ measurements in LTE). Note that the short duration of the ‘probing’ mode depends on the DRX cycle length and is, roughly, in the range of 1-2 minutes (e.g. see cell reselection requirements in TS 25.133 and TS 36.133). 

The UEs within the coverage cell A are configured to take measurements and report these measurements back to the coverage cell (based on standardised MDT procedures). Based on the aggregated measurements from all UEs, a decision as to which hotspot(s) should be switched on can be made. Note that the intent of the ‘probing’ mode is to gather measurement data that will enable an accurate decision as to which hotspot cell(s) to switch on. In the ‘probing’ mode, UEs do not actually connect or handover to the hotspot cells. 
The proposed solution is detailed below and consists of the following steps:

STEP 1: The inactive hotspot cells B, C, and D are triggered (via O&M or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for a short time interval i.e. the so-called ‘probing’ interval. After the probing interval all hot-spot cells return to dormant mode. 
STEP 2: The network configures, via the coverage cell A , the active and idle UEs camping on the coverage cell A to perform measurements on the reference signal from the probing hot-spot cells and report back the measurements. A working assumption is that the UE configuration is the same as that defined for MDT purposes in [3]. The UE measurements are as defined in [4]. 
STEP 3: The network processes the reported UE measurements, collected via the coverage cell A, and derives the decision as to which hot-spot cell(s) to switch on and which hot-spot cell(s) should stay in ‘dormant’ mode.
STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.
With this solution, decisions to switch ON/OFF can more closely follow dynamic traffic fluctuations when compared to existing Release 9 solutions. Additionally, a situation whereby traffic is switched back and forth between the coverage cell and the hot-spots is avoided. The ON/OFF decisions are accurate and reliable as they are based directly on UE reports instead of making estimates. 
There is minimal standardisation impact. For example, the switch on trigger towards the hot-spot cells should be extended in such a way that the hot-spot can distinguish between a ‘probing’ and real ‘switch on’ trigger. Further, it is not necessary to standardize measurements and reports from the hot-spot cells towards the network because for Steps 2 and Step 3 the proposed solution relies on UE measurements and reporting already standardized for MDT (e.g. Logged MDT and Immediate MDT).

This solution has significantly lower energy consumption than the existing Release 9 switch on and off solution. Considering that the hot-spot probing and UE measurements/reporting is done on-demand and for a rather short time interval the energy consumption is very limited and justified considering the reliable and quick switch on decisions. 

4 Summary
In this contribution a method is proposed to enable the coverage cell to select a subset of the hotspots to switch on when traffic levels increase in the energy saving mode. The method is based on requesting dormant hotspot cells to enter into a ‘probing mode’, in which reference signals are transmitted for a short time interval, and UEs are configured to perform measurements on these signals and report them back to the coverage cell.  In the following section the text proposal is described for this solution in the technical report of the energy saving study item.
5 Text proposal for TR 36.927
The below text proposal is based on the content agreed in [2].
	*** First change, omitted text not changed ***


5.3
Further enhancements
Solution 5: Hot-spot probing for switch-ON decisions

This solution addresses the problem described in Issue 1 above as follows:

STEP 1: The inactive hot-spot cells are triggered (via O&M or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for a short time interval i.e. the so-called ‘probing’ interval. After the probing interval all hot-spot cells return to dormant mode. 

STEP 2: The network configures, via the coverage cell, the active and idle UEs camping on the coverage cell to perform measurements on the reference signal from the probing hot-spot cells and report back the measurements. This approach is as defined for MDT purposes in [3] and the UE measurements are as defined in [4]. 

STEP 3: The network processes the reported UE measurements, collected via the coverage cell, and derives the decision as to which hot-spot cell(s) to switch on and which hot-spot cell(s) should stay in ‘dormant’ mode.
STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.

6.3
Further enhancements

Solution 5: Hot-spot probing for switch-ON decisions

This solution addresses the problem described in Issue 1 above as follows:

STEP 1: The inactive hot-spot cells are triggered (via O&M or neighbour cell) to transmit the pilot (e.g. reference signal in LTE) for a short time interval i.e. the so-called ‘probing’ interval.  After the probing interval all hot-spot cells return to dormant mode.
STEP 2: The network configures, via the coverage cell, the active and idle UEs camping on the coverage cell to perform measurements on the reference signal from the probing hot-spot cells and report back the measurements. This approach is as defined for MDT purposes in [3] and the UE measurements are as defined in [4]. 

STEP 3: The network processes the reported UE measurements, collected via the coverage cell, and derives the decision as to which hot-spot cell(s) to switch on and which hot-spot cell(s) should stay in ‘dormant’ mode.
STEP 4: based on the decision made in STEP 3 above, a request is made to the relevant hot-spot cell(s) to definitely switch on. The remaining hot-spots will stay in dormant mode.
	*** Remaining text not changed ***
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