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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 a possible solution 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. We illustrate this by using the following example scenarios:
· In one scenario (scenario 1), the ES cell are immediately switched on if there is one UEs that can be served by this ES eNB. 
· In another scenario (scenario 2), the UEs are kept in the coverage cell, until the coverage cell reaches an overload state and when the ES cell is switched on for load balancing purposes.
If we only look at the energy saving gain, the best solution is probably somewhere in between. In [1] the analysis suggest that “it is not beneficial to activate a micro cell unless at least 23 % of the traffic is offloaded” and for “pico cells … the additional energy consumption due activating each cell could be justified if more than 3 % of the total traffic of the overlaid cell is offloaded to the pico cell”.  

Activating an ES cell may provide a better QoS for the end users, since the ES cells may offer a different QoS, for example different throughput. 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.  
If we do not strictly follow the strategy in scenario 1, 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 specific UEs should be treated differently from ES perspective. Users with stricter requirements could for example be handled according to scenario 1 (optimizing the QoS) whereas other users can be handled to optimize the total network energy saving.
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 using the same principle for the switch off decision). Extending the switch on solution requires some more work since this requires changes in the specification for the other RAT (e.g. UTRAN)..

3   Possible solutions 

The envisaged solution is that the core network would send information to the eNB so that the eNB could apply a different policy for different users. This is similar to the Subscriber Profile ID for RAT/Frequency Priority (SPID) [2] which is used by the eNB to map to a locally defined configuration in order to apply specific RRM strategies for inter RAT/frequency mobility. Another similar example is the MDT consent [3], where the CN indicates to the RAN whether MDT is allowed to be configured by the RAN for this user.
It would also be possible to use the QCI table to achieve the same thing, but we believe that it is not necessarily to control this per bearer, and we expect that adding new interpretation to the QCI table (for example a minimum acceptable bit rate for non GBR services) might have larger implications.
In the following outline, we will assume that the solution uses a new indicator, Subscriber Profile ID for Energy Saving (SPES) but this may of course also be implemented by extending the existing mechanisms (e.g. SPID). 

Similar to SPID, the configuration of the mapping from SPES to energy saving strategy would be done by OAM. Hence the actual usage of the SPES in the eNB may or may not be defined in the specification. But some different examples of usage could be:

· Use SPES to handle users in a different way, where for example some users trigger a switch on of ES cells earlier than others. 

· Use SPES to map to a desired QoS level (for example minimum bit rate) so that users are treated according to scenario1, in case their currently offered bit rate is lower than what could be offered if being served by the ES cell.

To illustrate the possible solution a bit more, we give some examples how the coverage cell and ES cell can be configured by OAM with the following tables (1-2):

	SPES
	ES strategy for switch on 
(in coverage cell)
	ES strategy for switch off 
(in ES cell)

	0
	Immediately switch on ES cell in case the UE can connect to it.
	Never switch off ES cell (if there is one of these users being served)

	1
	Switch on ES, if 10% of the current load can be handled in the ES cell
	Switch off ES cell if load is below 10% (and the load can be handled by the coverage cell)

	2
	Switch on ES, if the load in the coverage cell exceeds 80%
	Switch off ES cell if load is below 30% (and the load can be handled by the coverage cell)


Table 1. Example of mapping where the switch on and off decisions are different for different users.
	SPES
	ES strategy for switch on 
(in coverage cell)
	ES strategy for switch off 
(in ES cell)

	0
	Switch on ES cell if the current achievable throughput for the user is less than 20 Mbps and handing over to the ES cell may increase this rate. 
	Never switch off ES cell (if there is one of these users being served)

	1
	Switch on ES, he load in the coverage cell exceeds 80%
	Switch off ES cell if load is below 30% (and the load can be handled by the coverage cell)


Table 2. Example of mapping taking throughput into account.
In the suggested solution, the ES strategy is defined per user but the strategy used in each cell depends on the users being served in the ES and coverage cell. In some scenarios, there may be one user with low SPES that triggers the ES switch on, but where the other UEs (with higher SPES) will benefit from using the cell (since the ES cell is anyway switched on). One simple rule for how to derive the strategy to use in each cell is to apply the lowest available SPES as a common strategy for each cell. But this can probably be left for implementation.
It should also be noted that the solution above only takes bit rate into account for the switch on decision (since this is known in the serving cell). It would also be possible to take this into account in the switch off decision, if the ES cell can understand what bit rate could be offered in the coverage cell. Possible solutions to achieve this would be to:

· Include the bit rate offered in the ES cell in the handover request and only accept a handover if the target can support the same throughput. This was discussed in [4]. 

· Use existing knowledge of the target cell (load information and served cell information available in X2 possibly combined with information from OAM)

4   Conclusion

In this document, we describe why a differentiated handling of users regarding energy saving may be valuable. We also outline a possible solution. 
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