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1. Introduction
One of the objectives of the current study on energy saving enhancement as defined in [1] is to evaluate potential solutions to guarantee user QoS. In this contribution we provide an analysis of the issue of user QoS issue during switch-off events and propose a solution.
2. Discussion
According to the current specification as defined in TS 36.423 [2] HANDOVER REQUEST message contains the following QoS related information:

1. "E-RAB Level QoS Parameters" IE with "GBR QoS Information"
2. UE Aggregate Maximum Bit Rate
3. RSRP and RSRQ measurement results of the target cell

As far as GBR bearers are concerned HANDOVER REQUEST has all the information required by the target cell to estimate whether it can provide the required level of QoS. Potential solution may work as follows – the target eNB accepts the HO if it can provide the required level of QoS and rejects it otherwise. Subsequently, the source eNB goes into dormant state only if it is able to hand over all the UEs.

Observation 1: for GBR bearers existing mechanisms can prevent user QoS degradation for switch-off events.

However this is not the case for non-GBR bearers and the user making heavy use of non-GBR bearers may experience QoS degradation since UE-AMBR is the only non-GBR QoS related information available . If, for instance, there is a video streaming application running on top of non-GBR bearers (which is almost always the case) this video stream may not be able to continue running uninterrupted upon handover if, for instance, the target eNB may not support the same MCS.

Observation 2: the user may experience QoS degradation related to non-GBR bearers when handed over from a small cell to a macro cell for energy saving reason.

In order to guarantee user QoS for non-GBR bearers it is propose to enhance the HANDOVER REQUEST message to carry non-GBR bearer usage information so that the target eNB may estimate whether it can provide the same throughput for the user.
3. Technical Proposal

x.x Switch off enhancements

x.x.x Solution x

In this solution the target eNB estimates whether it can meet the user QoS requirements for UE being handed over for energy saving reasons after receiving the HANDOVER REQUEST message. If the conclusion is positive, the target eNB accepts the handover by sending HANDOVER REQUEST ACKNOWLEDGE message, otherwise it rejects the handover and sends HANDOVER PREPARATION FAILURE message. Subsequently, the source eNB goes into the dormant state only if it can hand over all the UEs connected to it.
For the target eNB to be able to assess whether it can satisfy the user QoS requirements it needs to receive certain information from the source eNB. Information related to GBR bearers (including QoS parameters and UE measurements) is already available in the HANDOVER REQUEST, whereas not all information related to non-GBR bearers (especially their current usage) is available.
The handover target cell should determine whether the remaining frequency resource could satisfy the UE’s QoS requirements. The target handover cell could convert the minimum data rate into the required bandwidth according to the estimated SINR. The minimum data rate estimation should be based on the minimum data rate for GBR bearers and estimated data rate for non-GBR bearers. For non-GBR bearers the estimated minimum rate may be based on statistics of that bearer usage in the source cell. 

In order to support this functionality the HANDOVER REQUEST message has to be enhanced to carry user throughput requirements for non-GBR bearers.

Another important element is whether the UE’s QoS level can be degraded. It is FFS how the target cell determines whether the QoS level can be degraded.

4. Conclusions and Proposal
It is proposed to include the switch-off solution described above in the TR.
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