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1 Introduction 
One of the objectives of the Rel-12 SI for Energy Savings [1] is:

Initial evaluation of a possible inter-eNB energy saving enhancement for overlapping scenario, e.g. switching on enhancement, considering UEs QoS requirement or subscriber type, etc.
· Potential solutions to guarantee end user’s experience in energy saving.
The issues and possible solutions for switch on/off in the intra-LTE overlaid scenario were discussed in previous meetings and summarized in [2-3]. Based on the discussions, the Chair notes from RAN3#81 included the following way forward:

TP is need[ed] to describe solution intra-LTE alternative as reference to previous TR
New rel-12 proposal on the top should be discussed on UL SRS 

An email discussion on the subject following RAN3#81 resulted in the following problem description, without capturing any of the solutions of [3] in the TR:
The hotspot cell may take the proximity of users nearby into consideration before switch-on, which may result in better decisions in terms of energy saved. 
The following issue is identified:

· It is FFS to which extent such a method would provide benefits for energy saving compared to methods using the latest available version of the standard.
Based on the way forward from RAN3#81, we describe switch-on solutions which were not discussed in the Rel-10 Energy Savings SI and propose that they are captured in the TR of the current SI.
2 Discussion

The main problem underlying the switch-on decisions is determining whether there are UEs near a switched-off hotspot cell which can benefit from switching-on this cell. As a first step, the coverage eNB, which makes this decision, has to determine if there are “enough” users near the hotspot cell. In essence, this is proximity detection where the proximity of users to the hotspot cell needs to be detected. Several solutions have already been captured in the Rel-10 [4] and these can be classified into three groups:
1. Downlink based

2. Uplink based

3. Geographical position

The first group relies on the UEs measuring downlink signals transmitted from the hotspot cell and reporting the results to the coverage cell. A variant of this scheme (called “probing” or “UE measurement”) has been accepted for the inter-RAT switch-on solution in Rel-11.
One disadvantage of downlink based methods is that activation of downlink signals can also have a negative impact on a user QoS through the interference generated by the hotspot cells. If a UE is being served by the coverage cell but very close to a switched-off 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 possibly be potential call drops for VoLTE and lower throughput and higher delay until the user is handed over to the hotspot cell. These issues have been discussed several times in previous meetings.
In Rel-10 ES SI, uplink based IoT measurements solution for the second group was evaluated. It was observed in [4] that “possibly limited accuracy of IoT measurement and thresholds may reduce the efficiency of the method” and it has not been standardized in Rel-11.

Another uplink based proximity detection could be based on using specific uplink signals to be detected by the hotspot cell. 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 transmission. This method was envisioned during the Carrier-Based ICIC SI in RAN3 [5] where the goal was to detect the presence of interfering Macro UEs at the hotspot cell. Although the goal in that study was interference mitigation, the solution for identifying the interfering UEs is applicable for the proximity detection problem described here for Energy Savings. In other words, the only difference between the CB-ICIC and ES solution here is what the coverage cell does with detection information. Since this is an implementation issue, the detection information can be used for other purposes as well.
The options for the uplink signals identified in the CB-ICIC study were:

1. Random access preambles on coverage cell PRACH resources

2. SRS (Sounding Reference Signal) 
3. DM-RS.

RAN3 did not conclude the CB-ICIC SI and a full evaluation and selection of the above have not been completed. However since the considered detection problem is essentially same, it is beneficial to re-evaluate these solutions for the energy savings SI.
All three signals above can be used for the switch-on enhancement and therefore can be included in the TR with comparison/evaluation to be followed during the WI. Here, we discuss SRS based method and provide the TR text.
SRS can be sent periodically and the periodicity (from 2ms to 320ms) as well as the bandwidth can be chosen according to the compromise of overhead versus detection and reliability.  We note that subframe synchronization is needed between the coverage and hotspot cell for reliable detection of SRS. This is a valid assumption in the HetNet environment where eICIC is used. The switch-on solution is composed of three steps:

1. The coverage eNB determining and configuring UEs for SRS transmission

2. The coverage eNB sending the SRS configuration to the hotspot eNB.

3. The hotspot eNB detecting the configured nearby UEs.

Step 1 is left to implementation. The determination could, for example, be based on the comparison of cells in the UE reports with the neighbours of the hotspot cell or whether a UE detected this hotspot cell in the past. The coverage eNB can also use UE geographical positioning if available. The coverage eNB determines the SRS configuration for selected UEs and signals them using SoundingRS-UL-Config by RRC [6] if they have not already been configured before. 

Step 2 will be done by using new IEs or messages on X2-AP. The configuration information can include the carrier information, subframe offset (if needed), and other parameters in SoundingRS-UL-Config signaled to the UEs.
In Step 3, the hotspot cell monitors the uplink SRS signals on the signalled carrier. After detecting SRS with the signalled configuration, it can use this information for switch on decisions. It can also send the detection information to the coverage eNB, over new IEs or X2-AP messages, which can make the switch-on decision and signal this to the hotspot eNB

Based on the above discussion,

Proposal 1: Include a switch-on enhancement in the TR 36.887 for proximity detection at the hotspot cells based on UL SRS.

The corresponding proposed TR text for Proposal 1 is included in the Appendix. 
Proposal 2: Agree to the text in the Appendix to include Proposal 1 based solution in the TR 36.887.
3 Conclusions

In this contribution, we discussed switching on enhancements for overlaid scenario based on uplink signalling. It was observed that the solutions studied in the CB-ICIC SI in Rel-11 can be used for this purpose. 

Proposal 1: Include a switch-on enhancement in the TR 36.887 for proximity detection at the hotspot cells based on UL SRS.

Proposal 2: Agree to the text in the Appendix to include Proposal 1 based solution in the TR 36.887.
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5 Appendix (Text Proposal for 36.887)
4.1.2
Solutions description

4.1.2.1 Solution A: Uplink SRS Detection by the Hotspot Cell
This solution uses uplink SRS detection at the hotspot cell to identify the UEs in the proximity of this cell. The identification information can be used by either the hotspot eNB controlling the cell or the coverage eNB to switch on this cell. The solution is composed of three steps:
4. The coverage eNB determining and configuring UEs for SRS transmission

5. The coverage eNB sending the SRS configuration to the hotspot eNB.

6. The hotspot eNB detecting the configured nearby UEs.
Step 1 is left to implementation. The determination could, for example, be based on the comparison of cells in the UE reports with the neighbours of the hotspot cell or whether a UE detected this hotspot cell in the past. The coverage eNB can also use UE geographical positioning if available. The coverage eNB determines the SRS configuration for selected UEs and signals them using SoundingRS-UL-Config by RRC [6] if they have not already been configured before. 
Step 2 will be done by using new IEs or messages on X2-AP. The configuration information can include the carrier information, subframe offset (if needed), and other parameters in SoundingRS-UL-Config signaled to the UEs.
In Step 3, the hotspot cell monitors the uplink SRS signals on the signalled carrier. After detecting SRS with the signalled configuration, it can use this information for switch on decisions. It can also send the detection information to the coverage eNB, over new IEs or X2-AP messages, which can make the switch-on decision and signal this to the hotspot eNB.
