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1. Introduction

During RAN3#73bis the scenario of autonomous operational cell carrier selection for small cells was discussed and a number of companies highlighted the usefulness of studying the feasibility of solutions in this area.
As captured in [1], the discussion on the scenario of autonomous selection of operational cell carrier for small cells needs to address the following two questions: 
1. what problem(s) we want to solve (and why) with respect to carrier selection?

2. depending on answer in 1. above, do we need anything on top w.r.t. to the existing mechanism (and why)? Any value add from other solutions?

This paper tries to answer these questions and proposes a draft text for inclusion in the internal RAN3 TR.

2. Problem Definition
This section provides an answer to the following question captured in [1]:
1. What problem(s) we want to solve (and why) with respect to carrier selection?

2.1. Underlying Assumptions

In the discussions so far carried out on the subject of autonomous operational cell carrier selection one or more of the following underlying assumptions have been at the bases of the need for new solutions: 
1) In a HetNet deployment it is often possible to use a spare carrier which is not in use by other eNBs in the neighbourhood.
2) In a HetNet deployment there is a limited frequency reuse between macro and pico cells, so that macro and pico cells do not share the same carriers
3) In a HetNet deployment it is likely that there is an imbalance between offered traffic and interference levels across cells and across carriers.

For example, looking at the justifications for operational cell carrier selection provided in [2] the following quote can be found:  

“…for HetNet scenarios where eNBs are assigned either to macro (coverage) or pico (capacity) layers, it is often found that the overall systems performance can be further improved if the frequency reuse is limited between the layers.”
The latter implies that the underlying assumption for autonomous operational carrier selection is that frequency reuse between macro and pico cells is higher than “1” and that macro and pico cells are going to use different carriers. This implies assumption 2).
Still in [2] a reference confirming assumption 3) can be found in the following quote:

“If one of the eNBs is having a much higher amount of offered traffic than the other eNB, then the best configuration would be to allow the eNB with high traffic to use two carriers, while the eNB with low traffic continues to use only one carrier. Additionally, the spatial distribution of the traffic sources within each of the cells is important: if the users of the two eNBs are placed so that there is only little mutual interference, then the best configuration would be to allow both nodes to use both carriers (interference coupling may change also when a HeNB cell is set on).”

The quoted text above assumes that an imbalance between cells in terms of offered traffic or interference will persist throughout the network operation. Hence, on the bases of assumption 2) (i.e. that frequency reuse is higher than “1”), such imbalance may trigger adoption of an unused carrier.
On the basis of the assumptions above the proposal of allowing autonomous selection of operational cell carriers for small cells would lead to allocation and use of one of the following:

· A carrier unused in the neighbourhood
· A carrier used in the neighbourhood but subject to very low interference levels (i.e. subject to an overall low offered traffic)
However, if the assumptions above were proved to be unlikely, the benefits of autonomous operational carrier selection would doubtful.  The next section explains why such assumptions are unlikely to occur.

2.2. On the Validity of the Assumptions

It is a well known fact that carrier availability amongst operators is limited.  In most of the cases LTE deployments will be run on 10MHz of paired spectrum and in some cases on 20MHz of paired spectrum, with some exceptions where operators have more carriers in limited regions.
With such bandwidth availability it is straightforward to claim that assumption 1) in section 2.1 has a limited scope.  
In fact, in those cases where an operator was able to have a spare carrier in a given HetNet coverage area and dense deployment of e.g. HeNB was planned, the most appropriate use of such carrier would be to host all HeNB cells.  
The latter is also known as non-shared carrier deployment and it was widely discussed in Release 9 and Release 10 as possibly the best deployment option for avoidance of macro <-> HeNB interference. 
Observation 1: In the unlikely case where a carrier is unused and available in a HetNet coverage area, it is beneficial to adopt such carrier for deployment of HeNB cells, i.e. for a non-carrier-shared HeNB deployment

With respect to assumption 2) in section 2.1, and given the above mentioned scarce carrier availability, it is unrealistic to think that an operator would not use all available carriers for macro and pico eNBs deployed in a HetNet network. 
In fact, the scenario where eNBs, deployed in a HetNet coverage, share the same carriers (i.e. frequency reuse = 1) is so widely recognised that it has triggered standardisation of many features aimed at addressing performance improvements and interference management in a frequency reuse 1 HetNet deployment.  

For example, some of the features specified to address HetNEt deployments with frequency reuse 1 are:

· Intra and Inter frequency load balancing in active mode

· For example via use of A4 event reports

· Frequency/Carrier prioritisation in Idle mode (via Cell Reselection Priority)

· Load Information exchange over X2

· Mobility Load Balancing

· Cross Carrier Scheduling in Carrier Aggregation (deliberately addressing macro pico interference in frequency reuse 1)
· eICIC

· Cell Range Extension (Deliberately designed to offload UEs from macro to pico cells in frequency reuse 1 scenarios)
The above features ensure that when a HetNet deployment is planned with frequency reuse 1, the performance of the network does not degrade due to inter cell interference or imbalance of offered traffic.
Therefore, the availability of the features listed above ensures that the system performance can be maximised by utilising all available carriers in both macro and pico cells. This negates the statement in [2] that “the overall systems performance can be further improved if the frequency reuse is limited between the layers” and implies that assumption 2) in section 2.1 is not valid.
Observation 2: The availability of several features for load balancing and interference mitigation in HetNet deployments makes it very likely that frequency reuse 1 is adopted between macro and pico cells 
Finally, it is a very well known fact that a load balanced network performs better than an imbalanced one. This is why features like Mobility Load Balancing and intra/inter frequency load balancing have been standardised.

These features not only allow for balancing of offered traffic across available cells but also enable balancing of interference levels.
Hence, a network following these standardised functions will constantly work towards balancing the load across different HetNet cells. A good network in which load balancing and interference mitigation algorithms find convergence shall not leave room to situation of unbalanced offered traffic load or unbalanced interference levels.
The above proves that assumption 3) of section 2.1 is unlikely to occur in the orders of magnitude assumed, as Release 9 and later networks have been deliberately designed to ensure load balancing and interference mitigation across HetNet cells.

Observation 3: The availability of load balancing and interference mitigation features in Release 9 and later networks ensures that it is unlikely to have major load and interference misbalances in a HetNet deployment 
2.3. Does the Problem Subsist?
In Section 2.1 and 2.2 it was explained that autonomous and dynamic operational cell carrier selection aimed at alleviating carrier overload and interference does not find its role in a Release 10 HetNet network that has been designed to do the following:

a) Ensure load is balanced across all available cells

b) Ensure interference levels are balanced and mitigated when excessive

c) Ensure no performance degradation occurs when frequency reuse 1 is adopted between macro and pico cells

Figure 1 shows what a Release 10 HetNet network is capable of doing according to currently standardised solutions.
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Figure 1: Example of how a Release 10 HetNet deployment can optimise load and mitigate interference in Frequency Reuse 1
In Figure 1 it can be seen how by changing the coverage of Pico cells an imbalance of load and interference can be resolved.  Obviously the scenario in the figure is not exhaustive, as it does not show how load balancing can happen for UEs in Idle or how eICIC is applied.
When considering HeNBs, which can use only one carrier, it appears that an appropriate action would be to ensure that a HeNB does not use the same carrier as those used by its neighbour HeNBs.  However, this action is already enabled by the radio scanning function and autonomous carrier selection (within a given allocated range) function currently available at HeNB cell setup.

Conclusion 1: Autonomous and dynamic operational carrier selection addresses a problem that is likely not to occur in a Release 10 network. Already available solutions for autonomous operational cell carrier selection at cell setup ensure coordination of carrier assignment amongst HeNBs.  
3. On the Feasibility of Dynamic Cell Carrier Selection

This section elaborates an answer to the question below:

2. depending on answer in 1. above, do we need anything on top w.r.t. to the existing mechanism (and why)? Any value add from other solutions?

As it has been pointed out in [3], according to current specification it is already possible to provide a certain level of autonomy to base stations serving small cells for selection of the carrier that fits best the radio planning in the neighbourhood.  However, as pointed out in section 2, the use of such selection mechanism would be rather seldom, mostly being needed at cell setup, or when events affecting the radio planning occur, e.g. cell outage.  

Nevertheless, if a solution for autonomous and dynamic cell carrier selection was adopted there would be changes needed to the current system that would be of relevance when answering the question above.
In particular, the following impacts would have to be addressed:

1) Increased mobility:
If a carrier needs to be “turned off” and a new carrier “turned on” it is assumed that UEs on the carrier to be de-allocated would need to be handed over. If the carrier switching is something to be performed in the order of seconds (as stated in [2]) this would lead to a high number of handovers, which in a loaded HetNet network might result in failures/performance degradation.

2) Increased signalling over X2:
Whenever a carrier needs to be “turned off” and a new carrier “turned on” it is assumed that an X2:eNB CONFIGURATION UPDATE procedure with neighbour eNBs connected via X2 would be needed. If the carrier switching is something to be performed in the order of seconds this would imply a substantial increase of X2 signalling.
Furthermore, if the mobility enhancements currently under discussion are considered, where an X2 is proposed for mobility between a Macro eNB and a HeNB, the increase in X2 signalling for the macro eNB would be of disproportioned scale, given the high number of HeNBs that might be deployed within a macro cell coverage.

3) Impact on ANR:
Whenever a carrier is “turned off” or “turned on” the ANR function will have to be involved and cell neighbour relations would have to be updated. 
This aspect might have particular impact on UEs in cases where neighbouring eNBs are not connected via X2.  For example, in the case of closed access HeNB, which are likely not to be connected via X2 with HeNBs with different CSG IDs, every carrier change will trigger new ANR measurements at the UE side.
4) Impact on eICIC:
If ABS patterns are allocated by a Macro eNB for interference mitigation within a small cell served by a neighbour base station, such patterns will have to be de-allocated when the carrier is switched off and re-established whenever a new carrier in need of it is switched on.

5) Load and interference balancing:
Paradoxically, the introduction of autonomous and dynamic operational carrier selection would imply a more severe load and interference imbalance.
In fact, as explained before, current Release 10 networks already support functions that constantly attempt to balance the load and reduce interference across the HetNet deployment. With the abrupt “appearance” and “disappearance” of cells on different carriers such functions would be destabilised. This is because the sudden switching on of a carrier followed by relocation of UEs from “old carrier” to “new carrier” followed by switching off of “old carrier” implies a shift of load and interference that needs to be compensated (especially if the network reached a balanced setup before the switch off and switch on).
“2. depending on answer in 1. above, do we need anything on top w.r.t. to the existing mechanism (and why)? Any value add from other solutions?”

The answer to the above question seems to be there is no value added in solutions addressing autonomous and dynamic operational carrier selection. 
In fact, if any mechanism is introduced to support autonomous and dynamic operational carrier selection there would be the need to address the problems generated by such solution. The latter might help keeping standardisation delegates in employment for longer, but it would not seem to help the design of efficient networks for Release 11.
Conclusion 2: Autonomous and dynamic operational carrier selection would destabilise networks operating according to functions so far standardised. Problems concerning increased mobility, increased signalling over X2, impact on ANR, impact on eICIC and load and interference balancing would have to be carefully analysed before discussions on such solutions can be carried forward.

4. Conclusions
In this paper a detailed analysis of solutions for autonomous and dynamic operational carrier selection has been carried out.
It has been explained that networks operating according to currently standardised functions operate towards the achievement of a balanced setup in terms of offered traffic and interference in HetNet deployments where carriers are shared between macro and small cells. Therefore, justifying dynamic operational cell carrier selection on the basis of such imbalanced situations does not seem a valid assumption.  This was captured in the observations and conclusion below:
Observation 1: In the unlikely case where a carrier is unused and available in a HetNet coverage area, it is beneficial to adopt such carrier for deployment of HeNB cells, i.e. for a non-carrier-shared HeNB deployment

Observation 2: The availability of several features for load balancing and interference mitigation in HetNet deployments makes it very likely that frequency reuse 1 is adopted between macro and pico cells 

Observation 3: The availability of load balancing and interference mitigation features in Release 9 and later networks ensures that it is unlikely to have major load and interference misbalances in a HetNet deployment 
Conclusion 1: Autonomous and dynamic operational carrier selection addresses a problem that is likely not to occur in a Release 10 network. Already available solutions for autonomous operational cell carrier selection at cell setup ensure coordination of carrier assignment amongst HeNBs.  
Finally, under the assumption that solutions for autonomous and dynamic operational cell carrier selection are adopted, it was shown how such mechanism would destabilise a network operating according to current standards. If such solutions were adopted a number of issues would have to be resolved. This was captured in the conclusion below:

Conclusion 2: Autonomous and dynamic operational carrier selection would destabilise network operating according to functions so far standardised. Problems concerning increased mobility, increased signalling over X2, impact on ANR, impact on eICIC and load and interference balancing would have to be carefully analysed before discussions on such solutions can be carried forward.
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