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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 overlaid scenario were discussed in RAN3#79bis and summarized in [2]. In this contribution, we discuss the QoS issue for switch-on enhancement and proposals for solutions.

2 Discussion

The user QoS can be defined in terms of metrics such as received throughput and delay and LTE RAN uses has various mechanisms (GBR, AMBR, ARP etc) for providing QoS. For this SI, it was already stated that in the goals that any enhancements should guarantee end user’s experience. This can mean that the bearers for a user will continue to have performance as required by QCI values and user profile. It can also mean that the user experience will not degrade significantly due to switch-on/off decisions. 

For the switching off scenario, it can be expected that some negative impact will happen on user QoS, except for the case of switching off a cell with no users. This impact can be evaluated by either by the booster or capacity eNB and incorporated in the decision making as described in solutions in [2]. 

For the switching on scenario, the discussion has been mostly on when this decision can happen and whether the improvement on QoS is significant enough [2]. However, activation of cells can also have a negative impact on a user QoS through the interference generated by the booster 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 be potential call drops for VoLTE and lower throughput and higher delay until the user is handed over to the booster cell.

Observation 1: Interference created by switched-on booster cells can create negative impact on user QoS.

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. Other implementation options can be envisioned as well to reduce interference. 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. 

Proposal 1: The switch-on decisions and mechanisms should not degrade users’ QoS and therefore should incorporate tools to alleviate the impact of switched-on booster cells on performance due to additional interference.

If the booster cell can detect the proximity of users nearby before switch-on, it can make better decisions in implementing interference alleviation mechanisms. If such proximity detection is done by the coverage eNB based on downlink measurements from the booster cell, this information can be utilized by the coverage eNB and incorporated in the signaling to the booster eNB. In this regard, uplink based proximity detection could provide more benefits since the booster cell can receive such information directly. For example, one option is to use IoT measurements collected at the booster cell as described in [2]. Note that it is possible to combine both downlink and uplink solutions for better decision making.

Another uplink based proximity detection could be based on using specific uplink signals to be detected by the booster 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 booster cell over the X2 interface prior to the UE uplink signaling. This method was envisioned during the Carrier-Based ICIC SI in RAN3 [3] where the goal was to detect the presence of an interfering Macro UE at the booster cell. The solution is applicable for the proximity detection problem described here. 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.

RAN3 did not conclude the CB-ICIC SI and therefore a specific uplink signal was not specified at the time. It can be assumed that all the signals are feasible options and can be used for the purpose of proximity detection in this SI.

Proposal 2: Proximity detection at the booster cells based on uplink signals by the UEs are considered for switch-on decisions. The candidate uplink signals identified by RAN3 in CB-ICIC SI can be used for this purpose.
The decision for switch-on can be done at either the booster eNB based on OAM configurations or coverage eNB and both options can be considered for the SI. For the second option, proximity detection results at the booster eNB are forwarded to the coverage eNB. 

3 Conclusions

In this contribution, we discussed the impact of switching on booster cells on user QoS. It was observed that the created interference can degrade user QoS if the booster cell does not employ precautionary mechanisms. 

Proposal 1: The switch-on decisions and mechanisms should not degrade users’ QoS and therefore should incorporate tools to alleviate the impact of switched-on booster cells on performance due to additional interference
It was also proposed to use uplink based proximity detection which can allow the booster cell to better identify the nearby users. 

Proposal 2: Proximity detection at the booster cells based on uplink signals by the UEs are considered for switch-on decisions. The candidate uplink signals identified by RAN3 in CB-ICIC SI can be used for this purpose.
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