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1. Introduction
In RAN#53 meeting, Rel-12 Energy saving SI is agreed and one objective for overlaid scenario is inter-eNB energy saving enhancement with UE QoS requirement or subscriber type considered.
In this contribution, we make some analysis and propose a switch off enhancement for overlaid 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[1]:
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

Currently, when the energy saving threshold is triggered in capacity boost cell, it would first drive the load status of the coverage cell to estimate if the neighbor cell could provide services for UEs. If the load in the coverage cell is not heavy, the capacity booster cell would hand over all the UEs to the coverage cell and then goes into dormant state. The procedure that capacity booster cell goes into dormant state is just as figure2 depicted
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                            Figure 2: Procedure of entering ES state
In the procedure, there is a common criterion for different UE subscriber groups when the capacity booster cell checks whether the overall load of its serving UEs is low enough to reach the energy saving threshold. However, in 23.705, there is following description:
The expectation for a service delivery is highly dependent on the particular service or application. The expected service experience may also differ between subscriber groups (e.g. a premium subscriber may have higher expectations than a subscriber with the cheapest subscription).
It could be seen that different services may have different QoS requirement. Consequently, it is reasonable that when making energy saving decision, different UEs or services should be treated differently. For example,  premium subscribers may have higher expectation on user experience, then the qualification for entering dormant state may be strict, e.g. the PRB usage of capacity booster cells below 10% if all the users are premium subscribers; On the other hand, for common subscribers, since it pay less money than premium subscriber, its expectation  for service delivery is relative lower, e.g. the threshold of entering dormant state could be PRB usage below 20% if all the users are common subscribers.
Proposal 1: The threshold of entering energy saving state should vary with different user group, service or applications served by the capacity booster cells.  
When energy saving is implemented, capacity boost cell is switched off and all UEs would be served by the coverage cell. So, it is very possible that the throughput of individual UEs would be decreased. For GBR bears, current handover and admission control mechanism could avoid QoS degradation during the handover procedure. However, for non-GBR bears, it could be accepted even there is limited resource in the target cell. As a result, the user may experience QoS degradation related to non-GBR bears. Making energy saving decision is just making some trade-off between the impact on the QoS experience and energy saving gain. In 23.203, the one-to-one mapping of standardized QCI values to standardized characteristics is captured in table 1.
	QCI
	Resource Type
	Priority
	Packet Delay Budget (NOTE 1)
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
(NOTE 3)
	
	1
	100 ms
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)


 Table 1: Standardized QCI characteristics

In the table, TCP-based services could be mapped to bears with QCI value 6, 8 and 9.In the note, the difference among the three QCI value is as follows:

If the network supports Multimedia Priority Services (MPS) then QCI 6 could be used for the prioritization of non real-time data (i.e. most typically TCP-based services/applications) of MPS subscribers.

QCI 8 could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / subscriber group.
QCI 9 is typically used for the default bearer of a UE/PDN for non privileged subscribers.
It could be seen that the UE QoS requirement of different subscriber groups and different services could be completely reflected by QCI characteristics of the bears. If the QCI priority of the bear is high, it means either the QoS requirement of the service or the user’s expectation for this service is high and perhaps could not endure the degradation of UE experience. On the other side, if the QCI value of some bears is low, especially for the non-GBR, it may indicate the user is not privileged subscriber or the service is not sensitive to limited resources, then it is not a big problem to assign fewer resources for these bears in case of resource short.
Based on above analysis, when make switching off decision, it is beneficial to have a overall view on the QoS requirement of all UEs served by coverage cell and capacity booster cell. If the QCI priority of most bears in this neighborhood are high and the resource in the coverage cell is not enough, degrading the user experience of these services might not be acceptable, thus the capacity booster cell should not go into dormant state. Otherwise, the capacity booster cell could go into dormant state with some degradation on user QoS experience 
To have a overall knowledge of the QoS requirement of all bears connected with capacity booster cell and coverage cell, one possible solutions is the capacity booster cell and the coverage cell coordinate with each other its PRB usage per QCI class. This information is already available in eNB itself, so it is easy to transfer them between two neighbours through X2 interface.
Proposal2: It is proposed for RAN3 to discuss the coordination of PRB usage per QCI class between capacity booster cells and coverage cells which assists to make energy saving decision with user experience considered.
3. Proposal
Based on above analysis, we bring in the following proposals:
Proposal 1: The threshold of entering energy saving state should vary with different user group, service or applications served by the capacity booster cells.  

Proposal2: It is proposed for RAN3 to discuss the coordination of PRB usage per QCI class between capacity booster cells and coverage cells which assist to make energy saving decision with user experience considered.
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