3GPP TSG-RAN WG3 Meeting #73
R3-111966
Athens, Greece, August 22-26, 2011
Agenda item:

12.2
Source:
Nokia Siemens Networks
Title:
Scenarios for LTE Rel-11 Carrier Based ICIC 
Document for:

Discussion & Decision
1. Introduction
At the March-2011 RAN plenary, a new Rel-11 Work Item on carrier based HetNet ICIC for LTE was approved (RP-110437). For easy reference, the objectives of this new work item are repeated here [1]:
· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests) 

· Study inter-node signalling needed for robust autonomous solutions, where each BTS node selects to use the carrier(s) that maximize the overall network performance (RAN3).

· Focus on solutions with no physical layer impact that would work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation. Thus the solutions shall rely on existing UE features in different Releases. Realistic assumptions for availability of UE measurements and power consumption to be used.
· Focus on solutions which do not require tight synchronization between eNodeBs.
At RAN3#72, Rel-11 carrier based interference management (IM) was discussed for the first time, and several contributions were submitted from various companies. Among those, the contribution in [2] with proposed plan for further carrier based ICIC studies, as well as initial concept considerations and pointers to cases where carrier based ICIC techniques are mainly expected to result in performance benefits. In this contribution we present a first proposal for the scenarios that we suggest RAN3 to prioritize in coming discussions towards having Rel-11 carrier based ICIC standardized. As mentioned in [1]-[2], one of the main mechanisms facilitating efficient carrier based ICIC is to have standardized light inter-node signaling. Keeping the latter in the mind, we mainly discuss appropriate scenarios for carrier based ICIC in the following from an inter-node architecture point of view, rather than from a HetNet simulation point of view (as typically adopted in RAN1 discussions). 
2. Principles for Rel-11 carrier based ICIC scenarios
From a RAN3 perspective, we suggest to cover cases which are limited with following principles:

· A base station has N (N>1) carriers available and they can be in the same or different bands. 
· It shall be configurable from management system which of the N carriers each base station has the freedom to choose. 
· Carrier based ICIC shall be designed to also work for cases where the bandwidth of each carrier is not necessarily the same. 
· The maximum number of carriers, Nmax, could be left open for the time-being, but would naturally need to be fixed at some point. At this stage, Nmax=8 could be considered (note that Rel-10 CA assume 3 bits for the Carrier Indication Field (CIF), corresponding to an addressing space of 8). 
Following the Rel-10 CA scenario terminology [13], carriers on one physical eNB may be allocated in 4 ways: 
· the same coverage (CA scenario #1), 
· overlapping coverage (CA scenario #2), 
· beam-shifted coverage (CA scenario #3), or 
· coverage with remote radio heads (RRHs), where different carriers may be transmitted from different physically separated RRHs (CA scenario #4). 
CA scenario #1 is the reference case for situations where the N carriers are in the same band, while CA scenario #2 is relevant for cases where carriers are in different bands. CA scenario #3 is not expected to be the typical use case for carrier based ICIC, while CA scenario #4 (RRH case) is believed to also have some relevance for carrier based ICIC techniques. Given these considerations, we propose the following:  
· Proposal #1: Assume N>1 available carriers for carrier based ICIC. Carriers may be in the same or different bands, and may have different bandwidth. First, focus on Rel-10 CA scenarios #1 and #2, while CA scenario #4 (RRH case) is given slightly lower priority, followed by scenario #3 with the lowest priority. Not all base station nodes may be allowed to use all carriers.
It shall be noted that although we refer to Rel-10 CA scenarios here, Rel-11 carrier based ICIC shall also work for legacy UEs having no support for CA as defined in the Work Item description [1]. 

3. Rel-11 carrier based ICIC scenarios
As discussed in [2]-[12], there are a number of specific scenarios where carrier based ICIC have proven beneficial. Keeping those previous findings in mind, we here propose a set of reference scenarios that we recommend to use for future Rel-11 carrier based ICIC studies.

Macro + pico scenario with full X2 availability:
Following the terminology used for the Rel-10 enhanced ICIC studies, we propose to have a Rel-11 carrier based ICIC scenario with macro and pico eNBs. In this context, pico simply refers to a low power eNB with the same architectural interfaces as macro eNBs. The availability of X2 interfaces between all eNB types in this scenario is assumed; i.e. X2 can be used for macro-macro, macro-pico, and pico-pico connectivity. As a starting point, we propose to prioritize carrier based ICIC studies for macro + pico scenarios without assuming RRHs, while cases with RRHs on either macro eNBs and/or pico eNBs can be given lower priority for initial studies. 
As found in many of the quoted references, and also from Rel-10 eICIC studies, macro+pico scenarios can benefit from having some partial, or full, resource partitioning between the two layers. With carrier based ICIC, such resource partitioning can be offered via clever carrier assignment / selection for different eNBs. Also, previous studies with dense deployment of low power eNBs have shown benefits of using adaptive frequency reuse between eNBs, i.e. indicating benefits of carrier based ICIC to have automated procedures for reaching the best frequency usage.

Given these considerations we propose to the following Rel-11 carrier based ICIC scenario:

· Proposal #2: Rel-11 Macro+Pico carrier based ICIC scenario: Scenario with high power (macro) and low power (pico) eNBs. All eNBs are in principle inter-connected via X2. During the initial studies, it is assumed that RRHs are not present. Later studies can include RRHs on eNBs.  

Macro + Advanced HeNB scenario with reduced X2 availability:
In the context of this scenario, Advanced HeNBs refer to HeNBs that are capable of having more than one carrier active at the same time, i.e. corresponding to HeNBs with multiple cells, potentially even supporting CA so one UE can be simultaneously scheduled on multiple CCs from the same HeNB. In Rel-10, cases with multiple carriers (cells) on the same HeNB are not supported. However, as indicated also in RP-110438, cases with HeNBs & CA may be supported in Rel-11. 
Availability of X2 interface between macro and HeNB can not in general be assumed yet, while X2 may be available between HeNBs for office deployements, etc. As discussed in [2], our recommendation is to first focus on scenarios with dense clusters of HeNBs with available X2 between those, i.e. corresponding to enterprise like scenarios. As found in several of the quoted studies, such scenarios are found to benefit from some degree of frequency reuse, making carrier based ICIC attractive to provide an automated solution for converging to the best use of carrier resources between nodes.
Thus, following scenario is also suggested:
· Proposal #3: Rel-11 Macro + Advanced HeNB carrier based ICIC scenario: Scenario with macro and HeNBs. Cases where clusters of HeNBs are inter-connected via X2 are having the highest interest. No X2 between macro and HeNBs. Each HeNB may use multiple carriers. Scenario is only relevant if Rel-11 supports HeNB with multiple carriers (cells).
As discussed in [2] (and in many other references), input for carrier based ICIC also consists of various available radio related measurements. For the case with HeNBs it is worth stressing that we can assume that network listen mode (NLM) is by default supported, such that HeNBs are assumed to have integrated UE receiver capability enabling measurements on downlink transmitted signals from other eNBs / HeNBs. NLM can naturally only be used when the HeNB is silent.
In case RAN3 needs to put priorities on the proposed Rel-11 carrier based ICIC scenarios to further steer the work, we propose to first focus on scenarios in Proposal #2 and #3, followed by the scenario in Proposal #4.
Macro + Basic HeNB scenario with reduced X2 availability:

The last scenario we recommend to consider for Rel-11 carrier based ICIC is covering the case with macro and Basic HeNBs. Here the term Basic HeNBs refers to Rel-10 like scenario, where there is only one active carrier (one cell) for each HeNB. Thus, for this scenario it is not possible for the HeNBs to use more than one carrier at the same time. However, assuming that the HeNBs have the freedom to select which of the N carriers is used (or from a sub-set of those N carriers), carrier based ICIC can still help facilitate clever selection of carrier for each of the HeNBs for the mutual benefit of the entire network performance. 

Also, since initial HeNB deployments are likely to have only a single carrier enabled for HeNBs, the use case may be considered as having lower priority than the two other.
· Proposal #4: Rel-11 Macro + Basic HeNB carrier based ICIC scenario: Scenario with macro and HeNBs. Cases where clusters of HeNBs are inter-connected via X2 are having highest priority. No X2 between macro and HeNBs. Each HeNB can use only one carrier at a time, while eNB may use multiple carriers. 
4. Initial Concept Considerations
It is assumed that carrier based interference management is operating on a rather modest time-scale, as it is not desirable to have different base stations enable/disable carriers on a fast time-scale. We therefore assume that the adaptation should be on the order of at least several seconds, or even much slower. One possible starting point for the design of carrier based interference management could be the following three fundamental premises:
1. Each base station node always has the right to have at least one active carrier enabled from the set of possible candidate carriers. Selection of this carrier shall preferably be done to minimize interference towards surrounding cells.
2. For additional capacity increase, a base station node may choose to enable additional carriers.
3. However, a base station node is only allowed to enable additional carriers given that this does not result in excessive interference for the surrounding base station nodes.
Our starting point is that carrier based ICIC shall operate in distributed manner, similarly as also assumed for the Rel-8 ICIC and Rel-10 eICIC schemes. Using a distributed approach has several advantages, as compared to a centralized solution. First of all, a distributed solution is more scalable, as it does not include a centralized processing point for managing and taking decisions for many eNBs / HeNBs. Secondly, applying a distributed scheme with decisions made by individual eNBs / HeNB has the advantage of having easier access to various cell specific information and measurements. In a centralized solution, local cell information and air interface measurements could need to be made available for a centralized unit – with an associated additional cost in terms of signaling capacity increase.   

Naturally, it shall be possible for operators to control the degree of freedom for each type of base station node, such that an operator can, for instance, configure macro-eNBs to statically use certain set of carriers if that is considered desirable. Thus, it would be desirable to have the option of configuring the degrees of freedom for carrier based ICIC from OAM, including having the option to full disable this functionality.
5. Text proposal for the TR
A draft of an RAN3-internal TR for the stage-1 phase of the work has been provided to this meeting [14]. Assuming, the draft is accepted and based on the above description, following text is proposed to be added:

	*** First change, omitted text not changed ***


4.A
Principles for the scenario selection and discussion

Following principles shall be observed when discussing scenarios and solutions:

· A base station has N (N>1) carriers available and they can be in the same or different bands. 

· It shall be configurable from management system which of the N carriers each base station has the freedom to choose. 

· Carrier based ICIC shall be designed to also work for cases where the bandwidth of each carrier is not necessarily the same. 

· The maximum number of carriers, Nmax, could be left open for the time-being, but would naturally need to be fixed at some point. At this stage, Nmax=8 could be considered (note that Rel-10 CA assume 3 bits for the Carrier Indication Field (CIF), corresponding to an addressing space of 8). 

4.B
Rel-11 Macro + Pico scenario
4.B.1
Description
The scenario assumes existence of macro and pico eNBs. In this context, pico refers to a low power eNB with the same architectural interfaces as macro eNBs. The availability of X2 interfaces between all eNB types in this scenario is assumed. Cases with RRHs on either macro eNBs and/or pico eNBs are considered to have lower priority.
4.B.2
Solution
4.B.3
Discussion
4.C
Rel-11 Macro + Advanced HeNB scenario
4.C.1
Description

In the context of this scenario, Advanced HeNBs refer to HeNBs that are capable of having more than one carrier active at the same time, i.e. corresponding to HeNBs with multiple cells, potentially supporting CA so one UE can be simultaneously scheduled on multiple CCs from the same HeNB. The HeNBs are expected to be deployed in clusters. X2 connectivity is assumed among clustered HeNBs, but not between macro and HeNB layers.
4.C.2
Solution
4.C.3
Discussion
4.D
Rel-11 Macro + Basic HeNB scenario
4.D.1
Description

The term Basic refers to HeNBs, where there is only one active carrier (one cell) for each HeNB. Thus, in this scenario it is not possible for the HeNBs to use more than one carrier at the same time. Availability of X2 interface between macro and HeNB can not be assumed, while X2 may be available between HeNBs. First, the focus should be on scenarios with dense clusters of HeNBs with available X2 between those. 
4.D.2
Solution
4.D.3
Discussion
	*** Remaining text not changed ***


6. Summary 
In this contribution we have made a first attempt to further define the cases and scenarios that we propose to use for further development of Rel-11 carrier based ICIC. In terms of available carriers for carrier based ICIC we propose the following in line with Rel-10 CA scenarios:

· Proposal #1: Assume N available carriers for carrier based ICIC. Carriers may be in the same or different bands, and may have different bandwidth. First focus on Rel-10 CA scenarios #1 and #2, while CA scenario #4 (RRH case) is given slightly lower priority, followed by scenario #3 with lowest priority. Not all base station nodes may be allowed to use all carriers.
In terms of more specific scenarios, following is suggested (listed in prioritized order):

· Proposal #2: Rel-11 Macro+Pico carrier based ICIC scenario: Scenario with high power (macro) and low power (pico) eNBs. All eNBs are in principle inter-connected via X2. During the initial studies, it is assumed that RRHs are not present. Later studies can include RRHs on eNBs.  
· Proposal #3: Rel-11 Macro + Advanced HeNB carrier based ICIC scenario: Scenario with macro and HeNBs. Cases where clusters of HeNBs are inter-connected via X2 are having the highest interest. No X2 between macro and HeNBs. Each HeNB may use multiple carriers. Scenario is only relevant if Rel-11 supports HeNB with multiple carriers (cells).
· Proposal #4: Rel-11 Macro + Basic HeNB carrier based ICIC scenario: Scenario with macro and HeNBs. Cases where clusters of HeNBs are inter-connected via X2 are having highest priority. No X2 between macro and HeNBs. Each HeNB can use only one carrier at a time, while eNB may use multiple carriers.
Additionally, a text presented in chapter 5 is proposed to be added to the TR, if the latter is accepted.

As discussed in Section 2, the scenarios in proposals #2 and #3are cases we suggest to first prioritize, but more cases could be added as the work on Rel-11 carrier based ICIC progress further. The scenario in Proposal #3 (i.e. with Advanced HeNBs) is naturally only relevant in case Rel-11 will include cases with multiple carriers per HeNB (which is still open for Rel-11). Scenario #4, though technically feasible, may be then of lower importance due to typical HeNB deployment plans based on a single carrier allocation for the femto layer.
Finally, initial high-level concept considerations were presented in Section 3. Among others, it is motivated that Rel-11 carrier based ICIC shall operate on a rather slow time-scale as compared to faster cell specific RRM algorithms, and we recommend focusing on distributed solutions where decisions are delegated to individual eNBs / HeNBs. Using distributed solutions have the advantage of having higher scalability and easier access to local measurements and information. However, it shall naturally be possible for operators to control the degree of freedom for each type of base station node, so that an operator can, for instance, configure macro-eNBs to statically use certain set of carriers if that is considered desirable. 
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