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1   Introduction
In this document we discuss why it is beneficial to take user type into account for energy saving purposes. We outline two possible solutions and provide a proposal for how this can be captured in the TR.
2   Discussion 
The actual usage of the ES mechanisms can be very different depending on the properties of the involved nodes. 
In one scenario (scenario 1), it may be beneficial to switch on the ES cell even if there is only one UE being served by this ES eNB if the UE is closer to this cell than to the coverage cell and where the total power in the system is reduced by moving the UE. This scheme may also require that the pico cells may be switched on repeatedly to check whether a UE is in the vicinity. 

In another scenario (scenario 2), it is beneficial to keep the UE in the coverage cell, even if the ES eNB could serve the UE, since the total power consumption will increase by switching on the ES cell for a single UE.  Instead, UEs are kept in the coverage cell as long as possible (until the coverage cell reaches an overload state).
In order to determine the best solution for each network, there are some factors that should be considered:
· What is the traffic related power consumption in the macro cell? If the power reduction of moving one UE is small, it may be beneficial to keep the UE in the coverage cell.

· What is the power consumption in the ES cell? In case the power consumption is low and largely depending on the traffic, it may be beneficial to move a single UE to the ES cell.
· What is the energy cost for repeatedly switch on eNB to check for UEs in the vicinity

In the current solution for ES, both scenarios may be supported by setting the thresholds by OAM in an appropriate way and by proprietary implementation. If for example we prefer to always switch on an ES cell if he can capture at least one UE, we can set the thresholds for switching on to always try to enable the ES cells and instead repeatedly check if they capture any traffic. In the same way, the thresholds for switching off the ES cell can be set in such a way that that the ES cell never switches off unless the cell is empty. 

For the second scenario, the thresholds could be set differently, so that the switch on only occurs when the load in the coverage cell is high. A switch off could be defined to happen also when there is some remaining traffic i.e. even when there is some remaining UEs in the ES cell.

Different cells may offer a different QoS. More specifically, the throughput may be very different. One contributing factor is the distance between the eNB and the UE and the interference. But there could also be a difference in the bandwidth used by the different cells. One example would be a coverage layer configured with one carrier, and a pico hotspot layer designed to carry a lot of traffic e.g. using carrier aggregation. 

Further, an operator may have different subscription levels, where the user is offered higher throughput by paying more money. There are examples today where throughput is used to differentiate the subscriptions. One operator for example, offer a maximum bit rate of 80 Mbit/s for 5€ per month, instead of 20 Mbit/s.  
In the first scenario, this would not be an issue, since the pico cell will always be switched on as soon as there is a UE in its coverage. But for the second scenario, the situation is different. The user may experience different throughput depending on the time of day. More specifically, he would experience a reduced throughput when in typical low traffic scenarios. The user will not be aware of the energy saving actions. An end user paying more money to get a higher throughput will therefore receive a varying throughput that will appear as random. 
Therefore, we think it is motivated to study if the operator should be able to configure whether a specific UE should be treated differently from ES perspective. 

Note also that the different QoS offered in different layers is especially noticeable in the inter RAT case. Any improved solution developed for taking user type into account for the switching off decision in an intra-LTE scenario, could be simply extended for the inter RAT case (by adjusting the switch off decision). Extending the switch on solution may not be as straightforward.

3   Possible solutions 

Different solutions are possible. The operator could simply control whether ES is allowed for each UE. This would be similar as for MDT, where the operator configures which users agree to deliver MDT measurements to the network. One way to signal this is to re-use the SPID. In that case, the operator would assign a different set of SPID depending on if the users “agree” to network energy savings. Thereby, these users could be treated as done in scenario 2 above, where the users are kept in the coverage cell. But users that pay an additional subscription fee and therefore expect a higher throughput may be treated as in scenario 1. We assume that in case SPID is used, no further standardization (at least in stage 3 specifications) is needed. 

In a more elaborate solution, different ES profiles are defined, so that each user is assigned an ES class. In this solution, the different thresholds used to control the ES must probably be configured by OAM. One example solution would be to handle the lowest class as in the second scenario, and differentiate the other classes by for example checking the number of UEs that are in each affected cell. So the ES may not switch off if there are more than a certain number of users for a certain class even if the load in the cell would normally lead to a switch off. Also in this case, the SPID could be re-used. But the more levels of energy saving classes that are added, the more the effective range of the SPID is reduced, since SPID is also used for other purposes. 
The question is however whether the more elaborate solution is needed. It might be enough to only differentiate between two classes of UEs.
4   Conclusion

In this document, we describe why a differentiated handling of two different classes of UEs regarding energy saving may be valuable. We also outline a few possible solutions. We suggest that the text in the annex is agreed to be added to the TR.
5   References
Annex – Text proposal

4.1.1
Description of 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 [x], 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 X.1-1. Overlaid scenario
Figure X.1-1 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. 
Sub-scenario x – Differentiated handling for different user types
In some scenarios, the different cells (coverage and ES) may offer different QoS, e.g. different throughput. This means that when ES is used, the QoS for the end user may be affected. Different users may have different subscriptions and therefore different QoS requirement. One subscriber may for example pay additional money to get the highest throughput. At the moment, there is no way for the operator to have a differentiated handling of energy saving for different user types.
-- Unchanged text—

4.1.2
Solutions description

Sub-scenario x – Differentiated handling for different user types
One solution is to control the energy saving in a similar way as for MDT. In this solution, the operator would configure which users agree to participate in network energy saving. One example on how to signal this to the eNB is to re-use the SPID, so that the operator would assign a different set of SPID depending on if the users agree to energy savings or not. Both the coverage and ES eNB can take the assigned SPID into account when deciding on ES actions. It is FFS whether SPID or a new indicator (similar to MDT consent) may be used for this.
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