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1. Introduction
One of the objectives in the Rel-12 SI on small cell PHY enhancements is the following:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.
Referring to the Rel-12 small cell simulation scenarios, this objective seems to be relevant for scenarios 2a, 2b, and 3, where small cells are deployed on a separate set of carriers (indoor or outdoor), without co-channel interference from macro eNBs. 
2. Operational Carrier Selection (OCS)
Given the objective quoted in the introduction, the goal is to have designed autonomous methods for small cells that enable efficient carrier usage. Both in terms of using the available carriers in coherence with the offered traffic (more bandwidth for small cells with high offered traffic and vice versa), as well as selecting carriers per small cell to minimize the probability of interference problems. One candidate solution that fulfils these objectives is the so-called operational carrier selection concept, which has been extensively studied in various forms – see related studies in [1]-[12]. OCS is especially considered to be an attractive solution for Rel-12 Small Cell Scenario 2a, 2b, and 3 where the small cells are deployed at a set of dedicated carriers (e.g. at the 3.5 GHz band) without macro co-channel interference.

The basic OCS scheme is based on the following fundamental premises:
1. Each small cell always has the right to have at least one active carrier enabled (operational carrier) from the set of available carriers allocated for the node from the OAM. Selection of the carrier shall preferably be done to minimize interference towards surrounding cells.
2. For additional capacity, a small cell node may choose to enable additional operational carriers if needed to serve its users, i.e. when there is high offered traffic.

3. However, a small cell node is only allowed to enable additional operational carriers given that this does not result in excessive interference for the surrounding base station nodes.
4. Similarly, when the offered traffic declines for the small cell with more than one operational carrier, it shall gradually release carriers until it only has one operational carrier.
More details on the OCS concept fulfilling these premises can be found in the Appendix A. In fact, notice that the OCS concept can be realized by standardizing simple inter-eNB signalling, using existing UE and eNB physical layer measurements as defined for current LTE Releases.
Note that the rate of adaptation for carrier on/off switching does not need to be explicitly standardized. Only the corresponding inter-eNB signalling shall be standardized. However, in general our recommendation is that carrier on/off switching is conducted on a moderate time-scale, say no faster than seconds. Before a carrier is being switched off, it should be ensured the carrier is not serving any Connected mode UEs. Similarly, it is recommend to use existing IDLE mode mechanisms to push potential UEs camping on the carrier that is about to be switched off to other carriers. Thus, OCS does not require any new supporting mobility mechanisms. Although not being the main purpose of OCS, it is worth noticing that it also offers energy saving as per premises 4, since only the carriers needed for carrying the offered traffic are on (other carriers are turned off).

3. Performance and standards impact
The performance of OCS alike schemes has been extensively evaluated in previous studies; see e.g. [3]-[12]. As an example, OCS for densely indoor deployed Femtos on a set of dedicated carriers (i.e. corresponding to Rel-12 small cell scenario 2b and 3) have been studied under different traffic conditions for both open access and closed access scenarios [3]-[8]. OCS performance for cases with indoor picos were studied in [9]-[10], while OCS proof of concept was demonstrated by means of lab trials in the EU funded SAMURAI project [11]. These aforementioned studies of OCS alike schemes showed attractive performance benefits as also summarized in Table I.
Table I: Summary of selected OCS alike studies relevant for Rel-12 Small Cell studies.
	Source
	Scenario
	Scheme
	Gain

	[9]
	Macro + indoor pico scenario, assuming dual-stripe building constructs. Four available carriers that can be shared by macro and picos.

	Exchange of interference cost between eNBs is used to enable coordinated carrier selection. Interference cost measurements collected based on on existing UE measurements.
	Up to 30% capacity gain

	[4]
	Indoor Small Cells in apartment buildings, deployed on a set of carriers free of macro interference. Hence, equivalent to Rel-12 Small Cell Scenario 3.
	Autonomous Comment Carrier Selection with exchange of Background Interference Matrix (BIM) between eNBs.
	Up to 100% gain in higher 5%-ile UE throughput. Also some gain in average throughput (depending on scenario)

	[5]
	Indoor Small Cells in apartment buildings, deployed on a set of carriers free of macro interference. Hence, equivalent to Rel-12 Small Cell Scenario 3.
	Distributed capacity based channel allocation scheme
where Home Base Stations (HBS) autonomously decide whether
to use a carrier or not, based on the capacity improvements
gained by using that carrier compared to the capacity loss experienced in neighboring HBSs already using the same carrier.
	Up to factor x4.7 higher 5%-ile UE throughput.

	[7]
	Densely deployed residential scenario. Four eNBs are uncoordinatedly located in the four residences. Hence, equivalent to Rel-12 Small Cell Scenario 3.
	Two power allocation schemes, FPS and MWFE, are examined in this paper. Simulation result shows that the FPS scheme,
while keeping low computational complexity, has an advantage over the equal power allocation in cell edge throughputs.
	System-level simulation of the proposed
schemes has shown substantial improvement over the original
ACCS scheme.

	[11] 
	Both simulations and proof of concept of autonomous component carrier concept for cases with dense deployment of small cells on dedicated set of carriers without macro interference. Hence, equivalent to Rel-12 Small Cell Scenario 3. 
	Autonomous Comment Carrier Selection with exchange of Background Interference Matrix (BIM) between eNBs.
	Up to 100% gain in higher 5%-ile UE throughput. Also some gain in average throughput (depending on scenario)


It is common for considered the OCS alike schemes that they all require communication between the small cells. The amount of information signalled between the small cells for OCS is, however, rather modest, and therefore represent a low signalling overhead. An X2 alike connection between small cells (as known for todays LTE eNBs) would therefore be sufficient. If the existing X2 protocol [15] is available also for evolved Rel-12 small cells, the required inter small cell signalling for OCS can easily be included as new information elements in the existing X2 procedures. In fact, notice that the OCS scheme only requires standardization of inter small cell signalling, and therefore does not require any changes for UEs, physical layer, etc. The specifications under RAN1’s responsibility are therefore not impacted by the OCS. OCS in the presented form only requires RAN3 standardization, i.e. minor updates of the X2 signalling.
It furthermore worth noticing that the question previous received from RAN3 in [13] can be answered based on existing material (see e.g. [15]), as RAN3 does not request detailed performance simulation results. We therefore propose that RAN1 prioritize to send a reply to RAN3. 
4. Concluding remarks
In this contribution we have presented a simple, yet efficient, solution for the following objective:
· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

The proposed solution is called operation carrier selection (OCS), and is motivated from related work in RAN3 on carrier based ICIC (CB-ICIC). The required inter small cell signalling for OCS can easily be included as new information elements in the existing X2 procedures. In fact, notice that the OCS scheme only requires standardization of inter small cell signalling, and therefore does not require any changes for UEs, physical layer, etc. The specifications under RAN1’s responsibility are therefore not impacted by this feature. OCS in the presented form only requires RAN3 standardization, i.e. minor updates of the X2 signalling. The following is therefore proposed:

· It have been proven in numerous independent studies that OCS type of schemes offer attractive gains (both 5%-ile UE throughput and average capacity) for cases with dense small cells deployed on a set of carriers, i.e. relevant for Rel-12 Small Cell Scenarios 2a, 2b, and 3. Highest OCS gains are found for cases with dense indoor small cells, i.e. corresponding to Scenarios 2b and 3.
· Given these observations, it is proposed to have captured a short description of the OCS concept in the Rel-12 Small Cell PHY layer Technical Report (TR) as one of the Rel-12 Small Cell interference management candidate schemes. We can provide a first Text Proposal (TP) for the TR based on Appendix A. 

· The rate of OCS adaptation for carrier on/off switching does not need to be explicitly standardized. Only the corresponding inter-eNB signalling shall be standardized. However, in general our recommendation is that carrier on/off switching is conducted on a moderate time-scale, say no faster than seconds. 

· It is worth noticing that OCS also offers energy saving, since only the carriers needed for carrying the offered traffic per Small Cell are on (other carriers are turned off).
· RAN1 should inform both RAN2 and RAN3 that exchange of information between small cell eNBs is required for interference management purposes, and hence should be taken into account in the Rel-12 small cell architecture design.  
· RAN1 should prioritize to have sent a reply to RAN3 on the LS in [13]. Appendix B includes a draft proposal for possible answer to the RAN3 LS, see also additional details in [15].
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Appendix A: Further details on OCS
When a new small cell eNB A is brought online, it is assumed that it receives information from OAM, including configuration of which carriers the eNB is allowed to use. The configuration of available carriers is assumed to include; information of whether the carriers can be switched on/off or whether certain carriers shall always be on. This allows the network operator to be in full control. After the small cell eNB has received the “carrier configuration information” from OAM, signalling links with other locally surrounding small cell eNBs are established. As illustrated in Fig. 1, the new small cell eNB A will receive information from neighboring small cell eNB B on which carriers it is currently using. Thus, after these initial steps, eNB A will know which carriers it have available, and it will know which carriers are currently in use by surrounding small cell eNBs. This information, combined with network listed mode (NLM) measurements, makes it possible to decide which carrier it shall first switch on, i.e. selecting the carrier resulting in least interference towards surrounding eNBs. Thus, based on the following information: 

· Path loss towards neighboring eNBs (measured using NLM),

· Uplink interference measures on different carriers performed by the eNB, and

· Knowledge of which carrier(s) neighboring eNBs are currently using (already available via current X2 [14]),

the new small cell eNB has sufficient information for selecting the first carrier to switch on for its usage as also studied in [3]-[4].

[image: image1.emf]OAM configuration of 

available carriers per 

eNB: an eNBis allocated 

a set of carriers, including 

information for which of 

them may be subject of 

carrier switching for 

interference and traffic 

management purposes. 

eNBA

eNBB

When eNBA is setting up an X2 interface, or 

updating its configuration, it shall inform its 

neighboring eNBB which carrier(s) it is using, 

as well as obtain knowledge of which carrier(s) 

eNBB is using.

This information could be included in “eNBConfiguration 

Update”. So essentially low impact on specs.


Fig. 1: Initialization of small cell eNB and exchange of current carrier usage.
After having switched on the first carrier, the small cell eNB starts to serve users. If the offered traffic afterwards is detected to increase to a level where more bandwidth is required to serve their users with the desired quality, the eNB will check if it can switch on an additional carrier without causing sever interference problems for neighboring small cell eNBs. The corresponding procedure is illustrated in Fig. 2, where small cell eNB A wants  to have an additional carrier switched on. It therefore sends a request to the neighboring small cell eNB B, requesting eNB B to response with an interference cost estimate if eNB A switch on a particular carrier. Small cell eNB B is able to estimate the interference cost, using the following information
:

· Assuming eNB B is serving users on some carriers, it can request these users to report RRM measurements (e.g. RSRP or RSRQ) for carrier(s) currently used by eNB A. Based on such information, eNB B obtains an estimate of the interference coming from eNB A to users served by eNB B.

· If eNB B is not using the carrier that eNB A will potentially switch on, it will naturally not be harmed by interference from eNB A if it switches on that carrier.

· eNB B knows the radio link quality of the users that it is currently serving. This is, among others, known from the CQI reports from the users. This means that eNB B can roughly estimate if it can tolerate additional addition interference from a neighboring eNB A while still being able to serve its existing users according to their minimum QoS requirements.

· eNB B can also perform NLM measurements to e.g. measure the path loss, or received interference from small cell eNB A.

Using the combined information listed above, eNB B is able to respond to eNB A with an interference cost estimate (see more details in [3]-[10]). For the sake of simplicity, it is proposed to enumerate the interference cost estimate to {high, medium, low}. Thus, given this information, small eNB A will act as follows:

· If low interference cost: eNB A will switch on the additional carrier as it will not cause noticeable impact on eNB B.

· If medium interference cost: The performance in eNB B will suffer some degradation if eNB A switches on an additional carrier. eNB A will therefore only switch on the additional carrier if critical for eNB A to be able to serve its users with their min QoS requirements and/or to avoid blocking new admission control requests. Thus, if “medium interference cost” is received, then eNB A is only allowed to switch on the carrier if really needed to be able serve it users, and to avoid call blocking. 

· If high interference cost: eNB B will suffer beyond the limit of what is acceptable, and hence eNB A shall not switch on the additional carrier.

The procedure for the proposed coordinated carrier on switching is summarized in Fig . 2. Note that this is essentially a proactive interference management procedure where eNB A first checks the impact on surrounding eNBs before taking actions to generate more other-cell interference. As indicated in Fig. 2, the request for interference cost for carrier switch on, as well as the corresponding response, could be added to the existing X2 procedures by e.g. adding new information elements (IEs) to LOAD or RESOURSE status [14].
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Fig. 2: Coordinated carrier on switching between two small cell eNBs.
In addition to the proactive interference management procedure in Fig. 2, it is proposed to also have a reactive interference management procedure. The proposed reactive interference management procedure is summarized in Fig. 3, and basically represents a method addressing critical interference problems on a particular carrier. It is envisioned to function as follows: If eNB A detects intolerable interference on a certain carrier from eNB B, then it should be able to inform eNB B, and eNB B would take proper actions if possible. eNB B should acknowledge the request from eNB A, and response to eNB A with the actions taken to solve the interference problems. Here possible actions would be for eNB B to switch off the carrier causing interference to eNB A, reducing the transmission power, etc. eNB B is expected to take proper actions to reduce the interfere towards eNB A if at all possible, while still being able to serve its existing users at their minimum QoS. Given that we also have the proactive interference management procedure (pictured in Fig. 2), the reactive method in Fig. 3 can be considered as an additional “safety mechanism” (may for instance be triggered if conditions change significantly over time) .

In addition to the new inter-eNB signalling between small cells, the existing X2 signalling can also be used. Here it is worth noticing that exchange of load information between cells is already standardized, and also X2 signalling for cases with on/off switching of carriers for energy saving purposes have been standardized [14]. Thus, the existing X2 inter-eNB signalling framework can be reused in combination with new additions proposed for the OCS scheme in this contribution.
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Fig. 3: Coordinated carrier on switching between two small cell eNBs.
Appendix B: Proposed Reply to LS from RAN3
Proposed answers to the LS from RAN3 [13] on OCS are summarized below:

1) Can the solution above provide any benefits in terms of interference mitigation over existing features? 
Answer: According to the description in [1], the considered CB-ICIC OCS solution offers coordinated HetNet interference management on a carrier solution. OCS should therefore be able to provide interference management benefits for both control and data channels without any additional terminal support, nor without strict requirements on inter-eNB time-synchronization. The proposed CB-ICIC solution with OCS is therefore considered to be a useful candidate solution for operators with multiple available LTE carriers, especially for Rel-12 Small Cell scenario 2a, 2b, and 3. 

2) Can an eNB estimate correctly the interference impact on neighbour eNBs due to activation/deactivation of a new carrier?

Answer: The outlined solution candidates in [1], where existing physical layer measurements are used to estimate interference impact from eNB A to eNB B, are considered feasible. Based on e.g. existing UE measurements, the interference impact from eNB A to eNB B can be roughly estimated by eNB B and feedback to eNB A, such that carrier activation on eNB A causing intolerable interference for eNB B can be avoided.
3) How beneficial would be to use the victim eNB’s estimate of the interference impact of a carrier to be activated for operation?

Answer: Once an eNB switch on a new carrier it will start to cause interference to neighbouring eNBs using the same carrier. It is therefore considered useful to first have feedback from neighbouring victim eNBs on the interference impact from such carrier activation. Such feedback is essentially information for an eNB to decide if carrier activation can be performed without causing intolerable interference, and therefore a simple mean to include inter-eNB carrier-based interference coordination in Rel-12 specifications.

� Note that the information and measurements listed here for estimating the interference cost is all available in current LTE releases, so no new measurements or physical layer changes would be required.





