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1. Introduction
During the RAN3#74 meeting, were presented a number of contributions on Autonomous Operational Carrier Selection (AOCS), rising concerns regarding the network stability with the existing approaches. 
The contribution ‎[1] rises a number of concerns, such as increased mobility, increased signalling over X2, impact on ANR, impact on eICIC and load and interference balancing, however forgets to mention the main benefit: increase of the spectral efficiency and user throughput. Indeed, as long as each eNB will select the operational carrier only based on a local load-balancing solution, some instability may appear. 
As result, in this meeting, based on ‎[2] “proponents should describe the (exact) scenario(s) where the scheme provides gain over existing RRM/SON functionalities.” 
DAC-UPC has selected a business scenario, where the pico eNBs are deployed indoors, in a dual-strip configuration.
Our operational carrier selection approach is in line with the first principle in the document ‎[3], as our approach indeed tries to “minimize the interference towards surrounding cells”: 
“Each base station node always has the right to have at least one active carrier enabled (operational carrier) from the set of carriers allocated for the node from the OAM (available carriers). Selection of this carrier shall preferably be done to minimize interference towards surrounding cells.”
In this contribution we analyse the following aspects: 
· Significant increase of network spectral efficiency by applying AOCS price-oriented algorithms; 
· X2 overhead related to measurements, based on simulated quantization effects;
· Concerns on increased mobility, increased signalling over X2, impact on ANR, impact on eICIC and load and interference balancing.
Based on the presented arguments, we request that WG3 will continue its work on the autonomous operational carrier selection for pico cells.
2. UPC-AOCS performance
2.1. Algorithm
DAC-UPC has a long history in studying pricing-based algorithms for improving the performance of small cell deployment. Such a work is presented in ‎[4], where a slightly different approach was applied. Based on this experience, DAC-UPC presented in the previous RAN3 meeting a contribution on the inter-femto X2-connectivity benefits ‎[5].
In this contribution we improve the algorithm for the autonomous carrier selection and also we indicate the requested overhead over the X2 interface.  
We consider UEs to be served either by a pico eNB or a macro eNB, named respectively PUE and MUE.
Our interference coordination approach involves a number of steps:
1. A potential interference victim UE identifies the interference created by each one of the surrounding cells operating in the considered operating frequency channel; 
2. Based on this information, the UE determines which the strongest interferes are in the operating band (if a PUE) or a bandwidth part (if a MUE); 
3. A potential interference victim UE also identifies the achievable MCS (Modulation and Coding Scheme) in each other possible operating frequency channels or bandwidth parts; 
4. UE determines the influence of scheduling each strong interfering eNB DL transmission in the operating frequency channel (PUE) or operating part of the frequency channel (MUE). This influence, measured as MCS degradation, is named “cost”;
5. For each relevant subframe and full channel or bandwidth part, the “cost” information associated to each      interfering eNB is sent by UE over the Uu interface to its serving eNB (see ‎[5]);
6. The high-level “costs” are shared, over the X2 interface, between the pico eNBs and MeNBs (macro eNB) in the area;
7. Each pico eNB determines the “price” of its activity on the MCSs of other pico eNBs and on the MeNB providing the coverage layer;
8. At each algorithm iteration, each pico eNB determines the frequency resource to be used such to better solve the trade-off between maximizing performance and minimizing the interference to other pico eNBs and to the MeNB. The MeNB has a “privileged” status, while the pico eNBs will have to change their operating frequency channel or the bandwidth part for a specific DL transmission. 
By applying the algorithm for several iterations, it is reached a stable, optimal state, where no more operating frequency changes are needed as long as the channel characteristics and the interference pattern remain relatively stable. 
2.2. Performance
We have used a CA (Carrier Aggregation) MeNB, operating over four 5MHz channels. The cost is estimated per individual channel. In addition, we have applied the pricing policy for selecting an operating channel or a bandwidth part. The deployment topography is shown in Figure 1, where the pico eNBs are placed indoors. 
Most of the simulation parameters are based on TR 36.814 ‎[4] section A.2.1.1.2. Specific parameters are: 
· Pico eNB channel bandwidth: 5MHz;
· Number of PUEs per pico eNB: 1, MISO or SISO mode;
· Number of MUEs served by MeNB and placed in the pico eNB area: 2; probability of being indoor: 0.2
For the MUEs located in the vicinity of the dual strip are used two 5MHz carriers out of four carriers;
· The dual-strip deployment was considered over a number of floors varying between 1 and 6;
· One pico eNB considers itself interfered if the average SNR received from an interfering pico eNB is greater than the SNR of the serving pico eNB minus 15 dB.
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[bookmark: _Ref307726075]Figure 1: Deployment topology

Figure 2 Left shows the MeNBs throughput in Mb/s (10 MHz), with and without pricing, versus the average number of active pico eNBs in the area, including the case of no active pico eNB. Note that it can be achieved a MeNB capacity gain of aprox. 30% when pricing is exchanged (see Figure 2 left) and also an important increase of pico eNB capacity (see Figure 2 right). 
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[bookmark: _Ref315346789][bookmark: _Ref315346771]Figure 2: Left: MeNB throughput            Right: Pico eNB throughput


A dramatic change in performance can be seen if we look at the MUE and PUEs which are most affected by interference. In Figure 3 we show the performance improvement for the 20% of users most affected by interference. 

In Figure 3 left it can be seen that for a low number of pico eNBs the MUE performance is improved by 900%, while for a higher number of pico eNBs, the MUE users which suffered from DENIAL of SERVICE due to the harmful interference, after applying our algorithm are able to operate with reasonable performance.

In Figure 3 right it can be observed that if there are 10- 25 pico eNBs located in the considered area, the pico eNB user throughput is almost double with the UPC pricing algorithm!
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[bookmark: _Ref314902817]Figure 3: Throughput performance improvement of worst 20% users: Left: MUE, Right: PUEs

2.3. Stability
From Figure 4 it is possible to observe that after several iterations the system becomes stable, due to the memory effect of the used algorithm. Once the system is stable, further operational channel selection will be needed only if there are significant changes in topology or radio channel behaviour.
It is important to note that the assessment on the MCS degradation is made using Cell-specific Reference Signals (CRS). The CRSs are generated independent of the data traffic, such that they are not influenced by load balancing or hand-overs.
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[bookmark: _Ref307851860]Figure 4: Left: Algorithm stability
3. Overhead over X2 interface
In ‎[1] and ‎[2] was indicated that it is needed to evaluate the overhead over the X2 interface when applying AOCS. We have evaluated the error introduced by a low number of quantisation bits related to the information exchanged over the X2 interface between eNBs. We came to the following conclusions:
· The MCS degradation (cost) for each 5MHz frequency channel will be represented by three bits for SISO;
· In the MISO case, there are three bits for each one of the possible beamformers. For 2 antenna ports, one transmission layer, the standard considers 4 possible beamformers. We have considered these 4 beamformers plus the two ones corresponding to one antenna selection (1 antenna port, 1 single layer) when two physical antennas are available;
· The first bit indicates if the cost is 0; 
· If the cost is different from 0, two bits are used to encode the cost value.  
In the following figure is shown the quantization effect on MUE (left) and PUE (right). It can be seen that for the average number of pico eNBs the quantization error is not essential.
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Figure 5: Quantisation effect
Assuming three bit quantisation, two bandwidth parts and two dominant interferers, the serving eNB will send over the X2 interface (to each of the interfering pico eNBs) only 12 bits of payload for each algorithm iteration (for SISO case), which is obviously an extremely low signalling overhead.
4. Other aspects
4.1. Impact on ANR
As correctly mentioned in ‎[1], “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.”
In our case the algorithm was applied to obviously opened pico cells, such that there is no reason for concerns on ANR measurements. In addition, this is the case if no pricing is used. The MCS changes with the interference (this can make the pico eNB to migrate to a different carrier), which is the reason for the oscillations.
4.2. Impact on eICIC 
Due to the fact that the measurements are done during the dedicated ABS intervals, the proposed approach is not affecting the interference coordination using ABSs, for the following reasons:
· The ABS approach is designed to be used between MeNBs, which are synchronized
· If the Macro – Pico ICIC is based on carrier selection, the time domain ICIC will not be used, such that will be no impact on time-domain ICIC when a carrier is switched on.
4.3. Load and interference balancing
In ‎[1] were expressed concerns regarding the network behaviour during the optimization process: ”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).”
We agree that may appear some transient effects during the frequency selection process. However, these effects being limited in time, their impact is negligible in comparison to the gains in spectral efficiency and user throughput.
In addition, the transient observed in the throughput (see Figure 4) does not mean necessarily a change in the carrier frequency, it may reflect just a change in the MCS. Together with this, carrier changes may occur but only in the transient and not necessary during all the transients. Besides, if the transmitters do not update their carriers simultaneously, the transient is expected to be longer, but the changes in frequencies are expected to reduce.

5. Conclusions
In this contribution we have shown the performance benefits of using AOCS approach and also the low data exchange required over X2 interface. In addition, we have analysed the concerns expressed in R3-112991 ‎[1], such as as increased mobility, increased signalling over X2, impact on ANR, impact on eICIC and load and interference balancing. 
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