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1. Introduction
In RAN#53 meeting, Rel-12 Energy saving SI is agreed and the objective for overlaid scenario is as follows:

· 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.
· Potential solution for intra-LTE inter-eNB switching on enhancement e.g. by selecting adequate nodes to be switched on.
Also, during last RAN3 meeting, the scenario for inter-eNB energy saving enhancement for overlaid scenario is agreed [1].In this contribution, we make some analysis and propose an enhancement for this scenario with UE QoS considered.
2. Discussion
2.1. Overlaid scenario
The following is the scenario for inter-eNB energy saving enhancement for overlaid 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, 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 1. Overlaid scenario
Figure 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.
2.2. Problem and Solution
In [2], enhancements for the overlaid scenario are further divided into switch-on and switch off enchancement. 
For switch off enhancement, it is stated that the current handover and admission control mechanisms could avoid QoS degradation during the handover procedure before switching off a capacity booster cell. However, the user may experience QoS degradation related to non-GBR bearers after handover for energy saving reason. It is noteworthy that default bears are non-GBR bearers. 
From above description, it could be seen that the current problem is QoS of non-GBR bears may be degraded after energy saving cell go into dormant state. So, it is necessary to make some trade-off between the impact on the QoS of non-GBR bears and energy saving gain.(i.e.If the QCI priority of UE’s services is high,user experience should be completely guaranteed while for low QCI priority services, some degradation on user experience is acceptable.)Since the condition to enter energy saving state is decided by the capacity booster cell itself or configured by OAM, different threshold may be provided for different QoS requirement. For example, if the services of most connected UEs in the capacity cell are configured with high priority, it needs to be guaranteed that the target would distribute enough resources to these UEs after they are handed over to the target. On the other side, if the services of most connected UEs in the capacity cell are low priority, then it is not a big problem if the target cell has limited resources and there is user experience QoS degradation. 
Proposal1:It is proposed to adopt different ES thresholds according to the QoS of serving UEs.  
Currently, a cell in one eNB could only know the overall GBR/non-GBR PRB usage of its neighbor cell through Resource Status Update procedure. Although the PRB usage per QCI class in one cell has already been available in eNB itself, there is no way for the neighbor cell to know this information. However, it is beneficial for the capacity booster cell to know the PRB usage per QCI class in its neighbor coverage cell. Here, we illuminate the metrits with the following example:
Cell1 is the capacity booster cell and there are 4 UEs served by this cell. The services of these UEs are assigned with QCI value 7.
Cell 2 is the coverage cell, the overall PRB usage is 80% among which the non-GBR PRB usage is 40% and GBR PRB usage is 40%. For the resource allocation for non-GBR bears, there are two possible different cases:
1) 80% of the PRB are used by service with QCI value equals 6.

2) 80% of the PRB are used by service with QCI value equals 9.
For case 1, the capacity booster cell knows that the priority of most non-GBR bears in the coverage cell is higher than the non-GBR services provided by itself. Then after UEs are handed over to the coverage cell, these UEs would share the limited resources, as a result, the user with high priority QCI value may experience QoS degradation related to non-GBR bearers.

For case 2, since the priority of most non-GBR bears in the coverage cell is lower than the non-GBR services provided by capacity booster cells, PRB resources in the coverage cell would be first assigned to the UEs handed over from capacity booster cell which has higher priority. In this case, switching off capacity cell will not have big impact on the user experience.

From the above two cases, it could be seen that having the knowledge of its neighbor cell’s PRB usages per QCI class would help the capacity cell decided if it is proper to go into dormant state with minimum QoS impact on the serving UEs.

Proposal2: It is proposed for RAN3 to discuss the switch off enhancement of coordination of PRB usage per QCI class between capacity booster cells and coverage cells and agree to include the proposed text in the annex into the TR.
3. Proposal
Based on above analysis, we bring in the following outcome:
Proposal1: It is proposed to adopt different ES thresholds according to the QoS of serving UEs. 

Proposal2: It is proposed for RAN3 to discuss the switch off enhancement of coordination of PRB usage per QCI class between capacity booster cells and coverage cells and agree to include the proposed text in the annex into the TR.
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Annex– Text proposal
//--------------------------------------------Start of the text proposal-----------------------------------------------------------//
4.1.2 Solutions description
 4.1.2.x: Coordination of PRB usage per QCI class between capacity booster cell and coverage cell

Before switching off, the capacity booster cell needs to evaluate whether the QoS requirement could  be guaranteed after the UEs are handed over to coverage cell. Also, if there is user experience degradation, the capacity booster cell needs to consider whether the degradation is acceptable.

To help the capacity cell make the evaluation, it is useful for the capacity cell know the PRB usage per QCI class in coverage cell. With this information, the source cell could estimate the PRB resources assigned to the bears with specific QoS after handover. Thereby, it could assess the different impact on the bears with different QoS requirement.

The solution could be realized by introducing the information of PRB usage per QCI class into Resource Status Reporting procedure.
//--------------------------------------------End of the text proposal-----------------------------------------------------------//
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