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1
Introduction
Last RAN3#81bis meeting agreed on a problem description for switch-off enhancements which is now captured in TR 36.887 v.0.3.0 clause 4.1.2.1. In this paper we look at related solutions, and provide an analysis of extra signalling need on the S1 and X2 interfaces. A text proposal for the TR is included in the annex of this paper.
2
Discussion
The energy saving solution standardised in Rel-9 for capacity booster cells is based on the principle of autonomous switch-off decisions locally taken by the eNB. Typical information on which the eNB takes this decision is described in TS 36.300:
"The solution builds upon the possibility for the eNB owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M."
For conciseness in this paper we use the term pico eNB (PeNB) for an eNB owning a capacity booster cell (pico cell), and the term macro eNB (MeNB) for an eNB ensuring basic coverage (macro cell). 

The cell load information mentioned in the above description is understood to be cell load in the pico cell as well as the cell load in the macro cell, the latter being signalled on X2. The configured information is typically cell load thresholds, e.g. in the form of an acceptance to switch off when the pico cell becomes loaded below a given threshold if at the same time also the macro cell has sufficiently low load.

From the fact that only traffic load considerations are considered for the switch-off decision, it can be understood that the Rel-9 approach is based on the basic assumption that the marginal energy consumption (e.g. extra energy needed to serve an extra UE) of the macro cell is similar or not significantly higher than in the PeNB. The energy saving gains would then come from stopping radio transmissions of common channels and switch-off of some circuits in the PeNB. The energy needed in the macro cell to serve users requiring different QoS (or QoE as a consequence of their subscriber type) was therefore not considered in Rel-9.
The newly agreed problem description for cell switch-off brings up the topic of differentiated energy saving (switch-off) strategies according to the subscriber types that are served in the network at a given point in time and their required QoS / QoE. The idea is to be able to preserve the QoS/QoE when required, or at least to ensure the user experience is maintained above a given limit. To achieve this some further information might be needed in the PeNB before the switch-off:
· information about the subscription type and acceptable QoE impact from energy saving actions;

· whether the MeNB can ensure the needed level of QoS / QoE; 

· if yes, at which energy consumption cost in the MeNB this can be done; 
· energy saving gains in the PeNB, resulting from the offloading actions and switch-off.

The two last bullets are of course not without importance – it would not make sense that the pico cell is switched off if the total network energy consumption actually will increase as a consequence of that decision.

2.1
Need for EPC to provide RAN with additional QoS/QoE information for  optimized energy saving decision
Potential need for additional information provided by the EPC to the RAN relates to the subscription category and the degree of QoE impact from energy saving actions that could be acceptable for the subscription category.
The question is primarily whether the RAN today has the information needed to prevent an undesirable QoE reduction. In particular one could imagine that different subscriber categories will have different expectations relative to throughput of, for example, bearers using QCI 8 (TCP based chat (web browsing etc.)). In general terms it can be expected that any radio access network will have mechanisms to handle situations where the available capacity becomes limited compared to user demands.  In legacy networks, i.e. not implementing energy saving based on cell switch-off, such scenarios will be the result of high load. In the case of energy saving based on cell switch-off or other techniques based on capacity reduction, the traffic load will actually be relatively low, but reduction of the offered capacity is creating a situation similar to the high-load scenario. 
Current S1 standard doesn't include support for selective throughput throttling based on the subscription type. On the other side the "retention" part of the ARP IE indicates the priority to take into account when capacity needs require the preemption of a bearer in order to permit the establishment of new bearers of higher priority. The SPID (Subscriber Profile Identity) information could also potentially contain information from which the expected QoE or constraints on throughput throttling could be derived, however in today's standard the SPID is used for the purpose of inter-RAT mobility.

Because bearer preemption can be seen as a severe degree of throughput throttling, it would not be impossible that an eNB implementation, based on ARP or SPID, goes for a softer approach where the user throughput is gradually reduced before preemption if still needed.
As part of the analysis one should also be aware about the difference between "high load" and "energy saving" scenarios. The "high load" scenario is triggered by mechanisms not under the control of the operator, and may also occur at e.g. locations or hours during the day where the user actually expects a more heavily loaded network and hence can accept some QoE reduction. Energy saving mechanisms will typically be triggered under conditions defined by the operator, although there may be exceptions like power outage where a power source of limited capacity is used (battery).

The final decision on whether to provide a new information to RAN from EPC about subscription category or user QoS/QoE,  would in our view be based on whether it is desirable for an operator to create any extra subscription categories for energy saving actions which would differ from the subscription categories already signalled using the ARP. From a practical point of view we believe that a high-priority user will also remain high priority in case of energy saving actions. As a consequence we don't see any need for such extra information.
Proposal 1: Use existing information (QoS, ARP) to determine subscription categories for differentiated energy saving strategies.

2.2
Need for exchange of additional information between eNBs for  optimized energy saving decision
In the scope of the present discussion, potential X2 signalling enhancements would relate to the following information needed in the PeNB to take the switch-off decision:
· whether the MeNB can ensure the needed level of QoS / QoE; 

· if yes, at which energy consumption cost in the MeNB this can be done; 
· energy saving gains in the PeNB resulting from the offloading actions and switch-off.
The last bullet concerns information internal to the PeNB and will hence not require any S1 or X2 specification.
For the availability of the information described by the two first bullets, as can be understood from TS 36.300, the switch-off decision is taken by the PeNB before it (optionally) triggers offload handover actions:

"The eNB may initiate handover actions in order to off-load the cell being switched off and may indicate the reason for handover with an appropriate cause value to support the target node in taking subsequent actions, e.g. when selecting the target cell for subsequent handovers."
Information transferred between the eNBs during the X2 handover procedure (which includes QoS parameters, ARP and SPID) can therefore not be used for the switch-off decision itself.

Another possibility could be that the PeNB is configured with detailed information about the MeNB, based on which it could evaluate the energy consumption increase in the macro cell after offloading from the pico cell. Still we believe such OAM based approach would have two major drawbacks:
· the configuration information would strictly depend on the MeNB implementation and be potentially complex;
· the approach would probably not be able to take into account internal implementation specific energy saving states (based on reduced capacity), that would depend on the load level in the macro cell and also globally on the load level of the MeNB.

We therefore believe that the best way forward for switch-off enhancement is that the two involved eNBs (PeNB and MeNB) exchange relevant information on X2 before the switch-off decision is taken. 
Proposal 2: The PeNB and the MeNB exchange on X2, before the switch-off decision is taken, information about to the MeNB's capacity to ensure the needed level of QoS/QoE as well as the associated energy consumption cost in the MeNB.
The level of details in this information exchange could be left for further discussion, and final decisions on the exchanged information would anyway not be taken before an eventual work item phase.
3
Conclusion
We have discussed  enhanced switch-off decision with relation to better handling of user QoS/QoE according to two aspects:

· providing new information from EPC to RAN on QoS/QoE subscription category
· exchanging additional information between eNBs
and make the following proposals:
Proposal 1: Reuse existing information (QoS, ARP) to determine subscription categories for differentiated energy saving strategies.

Proposal 2: The PeNB and the MeNB exchange on X2, before the switch-off decision is taken, information about to the MeNB's capacity to ensure the needed level of QoS/QoE as well as the associated energy consumption cost in the MeNB.

Annex: Text proposal for TR 36.887
4.1.2
Solutions description

4.1.2.1 Problem description

An operator may offer different types of subscriptions to differentiate users along the offered QoS. Hence, the operator may want to apply a different trade-off for different subscriber types. It may also be beneficial for an operator to use different energy saving strategies for different subscription types using specific devices, e.g. MTC devices, low cost MTC devices, and Public Safety Devices. 
Currently QoS is indicated by the EPS by means of standardised S1AP IEs. Further possibilities to efficiently support different energy saving strategies for different subscriber types could be studied.  

The study should be limited to Energy Saving specific scenarios, since the impact of switching off one or more cells is greater than in other scenarios where cells are not switched off. 
4.1.2.2 Solution description

Differentiation of energy saving strategies taking into account subcription categories involves additional criteria for the switch-off decision in the eNB owning the capacity booster cell compared to the legacy intra-LTE energy saving solution (Rel-9).
The new criteria will be based on the following information:

· information about the subscription category and acceptable QoE impact from energy saving actions;

· whether the macro eNB can ensure the needed level of QoS / QoE; 

· if yes, at which energy consumption cost in the macro eNB this can be done;

· energy saving gains in the eNB owning the capacity booster cell resulting from the offloading actions and switch-off.

It is expected that information already available in the RAN (QoS, ARP) will be sufficient to identify subscription categories as needed.
In order to make necessary information available in the eNB owning the capacity booster cell before the switch-off decision is taken, X2 signalling will need to be enhanced with information about to the macro eNB's capacity to ensure the needed level of QoS/QoE as well as the associated energy consumption cost in the macro eNB.
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