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1.  Introduction
In this paper, based on the papers contributions [1~5] made during 3GPP TSG-RAN WG3 Meeting #80 on Switch on enhancement solutions for overlaid energy saving scenario, the paper proposes a text proposal for TR 36887.
2. Text proposal

[bookmark: _Toc304766791][bookmark: _Toc354178795]4	Inter-eNB energy saving enhancement for overlaid scenario
[bookmark: _Toc354178796][bookmark: _Toc304766792]4.1 	Study on inter-eNB scenario 
[bookmark: _Toc354178797][bookmark: _Toc304766793]4.1.1	Description of scenario 
The scenario for inter-eNB energy saving enhancement for overlaid scenario and corresponding requirements are similar to the scenario 1 for inter-eNB energy saving as described in TR 36.927 [3], but with the addition that different cells may offer different QoS and the QoS requirements of the UEs may be considered when switching on/off the capacity booster cell(s). For LTE network deployment, one possible application scenario of energy saving is described hereafter.
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Figure 4.1-1: Overlaid scenario
Figure 4.1-1 shows the overlaid scenario in which E-UTRAN Cells C, D, E, F and G are covered by the E-UTRAN Cells A and B. Here, Cells A and B have been deployed to provide basic coverage, while the other E-UTRAN cells boost the capacity. When some cells providing additional capacity are no longer needed, they may be switched off for energy optimization. Conversely, the switched off cells may be activated when the network can benefit from the additional capacity they provide.
In principle, inter-eNB energy saving mechanisms should preserve the basic coverage in the network.
[bookmark: _Toc354178798]4.1.2	Solutions description
<<<< first change >>>>>
4.1.2.x switch on enhancement
4.1.2.x.1 UE Proximity Detection

· Problem descriptions
When the coverage cell decides to switch on a dormant hotspot cell, the eNB may not only take into account load conditions but also the QoS requirements and subscriber types for the currently served UEs who will be served by the hotspot cell. If the hotspot cell can get the proximity of users nearby before switch-on, it can make better decisions in implementing interference alleviation mechanisms and internal energy saving. So it is beneficial to know the proximity of users both for the coverage cell and hotspot cell. For UE Proximity detection the following alternatives are considered:

· Alternative 1 
When the coverage cell detects high load or low QoS, 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. Based on the measurement results, the coverage cell will then determine which hotspot cells could be switched on and which UEs might will be served by the newly-activated hotspot cell.

· Alternative 2  
The solution is based on comparison at the macro of the IoT measurements collected from the pico cells. By analyzing current IoT figures, the controller of the macro/umbrella cell can identify the right wake up - target, i.e. there is a fair chance that the most appropriate pico/femto cell(s) is/are activated. The strategy to wake up 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. It might be worth to define cell individual thresholds either by OAM/network planning means or to find the thresholds by means of SON ("self-learning"). The IoT measurements may be normalized by subtracting the pathloss between the macro and the pico. To improve the accuracy of IoT based Pico cell switch on method, Pico cell may measure the UL channel of the macro cell and transfer it to the macro cell via X2 interface. Based on the UL channel monitoring results the macro cell may decide with more accuracy which Pico cell should be activated.

· Alternative 3:
Another uplink based proximity detection could be based on using specific uplink signals to be detected by the hotspot cell. To this end, the coverage cell can configure the UEs to transmit such signals and send the relevant information for this configuration to the hotspot cell over the X2 interface prior to the UE uplink signaling. The options for the uplink signals identified in the CB-ICIC study were:
1. Random access preambles on coverage cell PRACH resources
2. Uplink channel sounding (i.e. SRS measurements), 
3. Uplink MUE DMRS.

4.1.2.x.2 Additional information in the Switch on signaling

· Problem descriptions
If the proximity of user near the dormant cell is known by the coverage cell, it can indicate some additional information through the switch on signaling to the dormant cell. The dormant cell may use this information to decide the transmission power and energy saving internally.
· Alternative 1
Coverage cell indicate how many resources need to be shared by the capacity booster cell, then the booster cell can decide whether to use the intra-eNB energy saving, e.g. how many MBSFN subframes are configured. If the resource to be shared is lower than well-defined threshold, the capacity booster cell enters the intra-eNB energy saving state, otherwise the capacity booster cell enter normal state. The above enhancement is based on the coverage cell knows how many resources will be served by the capacity booster cell. The coverage cell knows that based on the configuration by OAM or based on the coverage cell knows the how many UEs are near to the booster cell and UE Qos information.
· Alternative 2
If a UE is being served by the coverage cell but very close to a dormant cell, the interference after the switch-on can degrade this UE’s C/I and can potentially cause RLF especially if there is CRS collision. The effect on user experience would be potential call drops for VoLTE and lower throughput and higher delay until the user is handed over to the booster cell.
The above interference can be reduced via adjustments of the downlink physical channels. For example, the transmit power can be gradually ramped up and even with different speeds for different channels. The booster eNB can also make better decisions if it can infer or learn the existence of users in its proximity and their QoS requirements. For example, one option is to have the coverage eNB transfer this information to the booster eNB during switch-on signaling.

4.1.2.x.3 Differentiated UE handling

In this solution the core network provides an index to the eNB for each user and the eNB uses this to map to an ES strategy for switching on the ES cells, similar to how SPID is used to map to different RAT/frequency priorities. The mapping is provided by OAM or included in the specification. This would enable different handling of QoS for different users in the scope of energy saving. 

[bookmark: _Toc354178799]4.1.3	Solutions evaluation
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