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1. Introduction 

During RAN3#72 discussions were started concerning relevant scenarios to consider for the carrier based HetNet ICIC WI. In this paper the scenarios so far identified are described and their relevance is analysed. The aim of the contribution is to select scenarios that could be added as reference in the TR document RAN3 decided to draft as part of the initial phase of this WI.
2. Discussion

The scenarios so far detected during discussions on carrier based HetNet ICIC can be divided in two sub-groups.  The first group embraces solutions for the autonomous selection of operating cell carrier by the eNB. The second group regards optimisation of per-UE carriers when the UE uses carrier aggregation.

Two subsections will be presented describing scenarios in each of the above categories.

2.1 Autonomous selection of operational cell carrier

In this subgroup of scenarios the focus of the solution is on selection of operational cell carrier (i.e. the carrier on which the cell broadcasts system information) and on how such solutions apply to Macro eNBs, Pico eNBs, coordinated HeNBs, uncoordinated (closed access) HeNBs. In subsequent sections we will take each of these cases one by one.

2.1.1 Macro and Pico eNB deployments
Macro deployments generally constitute the base coverage layer in a radio planning.  Interference mitigation is achieved by means of frequency reuse and carrier allocation is achieved by careful planning to provide an umbrella coverage layer.  
Macro eNBs, due to the considerable extension of their served cells, might be able to acquire reasonable amounts of information about the radio conditions in their cells’ neighbourhood.  Nevertheless, their high DL transmission power and coverage extension makes it unfeasible to allow autonomous selection of the carrier that could serve best in any particular macro cell. This is because macro cell carrier selection has strong repercussions on radio performance for areas far away from the macro eNB site and not under the monitoring area of an eNB. The latter is the reason why cell carriers for macro cells are planned via radio planning tools, which have an overview of the whole radio network deployment.
As opposed to Macro eNBs, Pico eNB deployments constitute layers of cells typically used to integrate macro coverage in urban areas hot spots where macro signals incur in high path losses, high penetration losses and consequent shadow areas. 
Pico eNB deployments are tightly coupled with macro coverage and therefore they are carefully planned at radio planning level due to the fact that often Pico cells are deployed on same macro carriers. Moreover, to provide hot spot coverage in densely populated urban areas it is often the case that large numbers of Pico eNBs need to be deployed. Hence, the scale of Pico deployments is often very vast, making it unfeasible for autonomous carrier selection solutions based on local coordination amongst neighbour nodes.
In light of the above, two main conclusions can be reached:

· It would seem very dangerous to allow macro eNBs to dynamically change the cell carrier of their coverage layer because failure to select and re-establish the right carrier might result in a full loss of coverage in very large areas.

· It is clear that assignment of an operational cell carrier for Pico cells is an operation that has to be carried out in a coordinated manner across the whole radio deployment.  For such reason it is suggested that operational cell carrier assignment for Pico eNBs is left as a task for the OAM system, which is aware of the wider neighbourhood each Pico cell is surrounded by and that has probes into the Radio Planning Tools within the Network Management System (NMS). 
Proposal 1: It is proposed to exclude the Macro eNB and Pico eNB scenario from the scope of the operational cell carrier solutions. It is suggested that eventual solutions for selection of Pico cells operational carriers are based on OAM/NMS system decisions.

2.1.2 Coordinated HeNB deployments
It is assumed that coordinated HeNB deployments consist mostly of Open access HeNBs. Hybrid access HeNBs could also be considered, but it is assumed that these types of HeNBs would consist of a niche scenario.  Therefore, for the sake of simplicity open access HeNBs are considered in this section.

According to current specifications (see TS 32.592 Stage 2 specifications for HeNBs OAM and TR-196 data-model for TR-069 interface) a HeNB is provided by its Home enhanced Management System (HeMS) with a range of cell carriers from which one could be chosen. By means of radio scans (performed by the UE module in the HeNB) the HeNB is able to judge which carrier is the best to select.  The selection criteria are implementation specific and could be based on interference minimisation, coverage maximisation, etc.
The latter mechanism provides an operator with means to limit the autonomous HeNB carrier selection to a subset of available carriers. This prevents the risk of e.g. erroneous selection of HeNB carriers in Macro eNB base coverage layers that need to be sheltered from interference. It is assumed that restricting the range of carriers available for a HeNB shall always be in place in any potential carrier base HetNet ICIC solutions.
Assumption 1: operational cell carrier selection by HeNB is always limited to a range of carriers pre-defined by operators and signalled to HeNBs 

In light of the above, let us assume that the range of carriers available to a HeNB could include all available macro carriers.  The operational cell carrier selection in this case would have to be carried out in a much more meticulous manner and it will have to involve validation of the selected carrier via the HeNB management system.  It is in fact very dangerous to allow a HeNB to autonomously select *any* carrier without validation with the OAM layer. The latter is valid even if it is assumed that the HeNB cell carrier selection is aided via signalling to neighbour macro eNBs (e.g. via potential X2 interfaces). 
One reason to believe the validity of such assumption is that the OAM is the only system knowing whether e.g. a carrier is available to use because it is truly free or because of a temporary absence of cells (otherwise using such carrier) occurs. Also, the OAM system is directly connected to the NMS, which holds network planning functionalities and is able to evaluate repercussions at radio level.
Observation 1: In the eventual case of autonomous operational cell carrier selection by HeNBs, the carrier choice would have to be validated by the OAM layer. 

If Observation 1 has to be respected, autonomous operational cell carrier selection by HeNBs would be challenging due to the fact that a HeNB does not always have am active connection to the HeMS.  Indeed, TR-196, which specifies the data model for the interface between HeNBs and OAM system quotes the following as one of the differentiating issues between HeNBs and macro eNBs:


“Maintaining the same level of Quality of Service and Grade of Service with the traditional macrocell based system present challenges to the mobile operators due to the fact that the tight control of the device is neither necessarily guaranteed nor possible. Some of the constraints include the general nature of the existing fixed broadband technology (e.g. xDSL), and the general characteristics of the CPE device (e.g. absence of HW/SW support of redundancy and the concept of availability). This impacts the area such as real-time device operation, management and service availability.” 


Therefore, the connection between HeNB and HeMS system is not under the operator’s control and might be available/un-available in a non-deterministic way. Moreover, the HeMS is not an “online” system, namely it reacts to events triggered either internally or by the HeNB and it is not designed to continuously monitor all served HeNBs. The latter means that it would be difficult for the HeMS to detect and react in real time to a cell carrier configuration adopted by served HeNBs and generating radio/performance degradation.
It is therefore concluded that the level of autonomous selection currently achieved by the HeMS, which provides a range of carriers to the HeNB within which selection is autonomously possible, is sufficient and not subject to the issues affecting free autonomous selection of *any* operational cell carrier by HeNBs.
2.1.3 Un-Coordinated closed access HeNB deployments
The uncoordinated HeNB deployment scenario mainly consists of closed access HeNBs deployed to cover indoor locations such as customer premises. 
When such closed access cells are deployed, the area covered by the closed access cell becomes a coverage hole for the carrier in use and for any UE non member of the cell’s CSG. This drawback is particularly severe if the HNB and macro cells share the same carrier.
The latter is the reason why the HeMS provides a range of carriers to the HeNB before it can select a carrier. Most likely, the range provided would not include carriers used by macro cells overlapping the closed access cell.

Moreover, the same issues described in section 2.1.3, impairing validation of carrier selection between HeNB and HeMS, are valid in this scenario. However, carrier selection validation with the OAM layer is even more important in this case, due to the potential coverage hole that uncoordinated HeNB could generate if selecting inappropriate operational cell carriers.

From section 2.1.3 and section 2.1.4 the following proposal can be suggested:
Proposal 2: It is proposed that solutions for autonomous selection of operational cell carriers for coordinated and uncoordinated deployments of HeNBs are based on current mechanisms of communication between HeNBs and HeMS, e.g. they could be based on carrier selection aimed at reducing interference and based on HeNB radio scans and carrier range assigned by HeMS
2.2 Autonomous selection of per-UE carriers for use in Carrier-Aggregation
This range of scenarios focuses on optimised selection of Pcell/Scell for UEs supporting and using Carrier Aggregation.  As before, the scenarios can be divided according to the type of base stations in operation.
2.2.1 Macro and Pico eNB deployments
In case of coexistence of Macro and Pico eNB deployments, selection of a Pcell or Scell could be crucial to mitigate interference. 
When considering the case of macro to macro interference, selection of Pcell and Scell is based on measurements reported by the UE and triggered in case of specific events. For example, if a UE is assigned an Scell and if a neighbour cell signal (on the same frequency as the Scell) becomes better than the Scell cell signal, an A6 event measurement will be triggered and reported by the UE to the serving eNB.  As a consequence, the serving eNB may decide to de-allocate the Scell or to allocate a different Scell to the UE, due to the risk of high interference to the neighbour cell.

Normally, in the case of macro deployments, there is always a partial DL coverage overlap between neighbour cells. This ensures that when a UE is at cell border the neighbour macro cell is visible and can be reported
. 
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Figure 1: Macro and Pico cells coexistence and Pico interference issues
Figure 1 shows the typical case of a Pico cell located within the coverage of a macro cell. Let us assume that the UE, served by the macro eNB has been assigned a Scell in the same frequency of the Pico cell. In such scenario the unequal distribution between Pico DL and UL coverage might mean that the UE could cause high UL interference to the Pico cell without even being able to detect its presence.
Current mechanisms based on UE measurement reports would not address this problem due to the UE not being able to measure the Pico reference signals and report the Pico cell to the serving macro. However, the Pico eNB can generate X2: LOAD INFORMATION messages to inform the macro eNB of experienced high UL interference. This could serve as an indication that the Pico is victim of interference generated by the macro.  
Nevertheless, the macro eNB is not able to identify the UE(s) causing interference and therefore is not able to re-allocate/de-allocate an Scell to the UE(s) in the attempts of alleviating UL interference to the Pico cell.
The same issue could occur with selection of the Pcell, in cases where the Pcell frequency and the Pico cell frequency are the same. 
From the above, two proposals can be derived:

Proposal 3: In cases of macro eNB deployments, mechanisms for reselection of per-UE carriers for use in carrier aggregation scenarios are already in place. It is proposed to exclude this scenario from those addressed by carrier based HetNet ICIC solutions studied in this WI
Proposal 4: In case of macro-Pico eNB deployments, situations can occur in which it is impossible to identify which Pcell/Scell allocation is at the source of UL interference for Pico eNBs.  It is proposed that potential carrier base HetNet ICIC solutions address the issues associated with this scenario 

2.2.2 Coordinated HeNB deployments

When discussing coordinated HeNB deployment scenarios the assumption is that the HeNBs involved will be mostly Open Access. Hybrid access HeNBs could also be part of such deployments, however it is believed that this case would form a niche scenario and should not be prioritised in RAN3 work. Therefore, for the sake of simplicity the case of open access HeNBs is considered here.

In current specifications a HeNB is allowed to support only one cell. This means that a HeNB would not be able to support the carrier aggregation function.  Therefore, any carrier based HetNet ICIC solution for Open Access HeNBs would have to focus on selection of operational cell carrier. The latter was addressed in section 2.1.3, where it was proposed that any potential solution should be based on “current mechanisms of communication between HeNBs and HeMS”.
Under the eventual assumption of support of Carrier Aggregation for Open Access HeNBs, a bigger issue should be “consciously” considered by RAN3. Namely, if Carrier Aggregation was supported for Open Access HeNBs, RAN3 shall consider whether any difference still exists between an Open Access HeNB and a Pico eNB and whether such duplication in standardised logical nodes is acceptable.
In fact, a HeNB maximum transmission power could be achieved by simply lowering the transmission power of a Pico eNB. The S1 interface to a possible HeNB GW is identical for Open Access HeNBs and Pico eNBs. Current discussions seem to point at the possibility for X2 support between open HeNBs and macro eNBs. HeNBs and Pico eNBs would be equally able to support multiple cells.
In conclusion, from a specification point of view an Open Access HeNB and a Pico eNB would be exactly the same node.
It is worth to point out here that the original and main target for which HeNBs standardisation was started is to achieve specifications for a small scale base station, with limited complexity (to maintain low costs) and reduced functionalities with respect to existing specified nodes.
This is in line with one of the main principles of standardisation, namely to provide specifications for logical nodes addressing different market needs.
By enabling HeNBs to support the same range of functionalities as Pico eNBs two immediate drawbacks can be foreseen:

· Allowing the existence of 2 sets of specifications defining what reduces to be the same functional node.
The latter constitutes the worst example of specification duplication and shall be avoided.
· Depriving the market from a reduced-complexity and cost efficient standardised solution, while implying HeNBs to be as feature-intensive and as scalable as Pico eNBs 
Proposal 5: It is proposed to exclude the coordinated HeNB deployment scenarios from the reference scenarios for carrier based HetNet ICIC. This is due to the current lack of support for Carrier Aggregation for HeNBs and to preserve differentiation between Pico eNBs and HeNBs in order to avoid duplication in 3GPP specifications.  
In addition to the above and as already mentioned in section 2.1.3, the HeMS is not an online system. Therefore, in the hypothesis that carrier aggregation is supported by HeNB, there would be no certainty that any dynamic adjustment to the type/range of carriers adopted for Scell or Pcell selection could be validated and de-risked. 
2.2.3 Un-coordinated HeNB deployments

In this set of scenarios closed access HeNBs are considered. The limitations mentioned in the previous section and applicable to Open Access HeNBs also apply to closed access HeNBs. However, there is one more aspect that should be considered if the hypothesis of carrier aggregation support for closed access HeNBs is contemplated.
As mentioned before, a closed access cell creates a coverage hole for non-member UEs in a publicly accessible coverage layer operating at the same frequency. It would be extremely detrimental for radio planning to allow support of multiple cells for closed access HeNBs because this would imply large numbers of coverage holes at multiple frequency layers.
Moreover, it is believed that operator’s carrier availability is relatively limited, therefore it seems unlikely that multiple carriers could be fully dedicated to uncoordinated HeNB deployments supporting Carrier Aggregation.

Proposal 6: It is proposed to exclude the un-coordinated HeNB deployment scenarios from the reference scenarios for carrier based HetNet ICIC. This is due to the lack of support for Carrier Aggregation for HeNBs and to the detrimental effects of carrier aggregation support on radio coverage.  
Conclusion
Due to the different possible interpretations of the carrier based HetNet ICIC WI discussed during RAN3#72, this paper presented a detailed analysis of several possible scenarios for which solutions could be developed within the WI.
It is proposed to firstly acknowledge the validity of the assumption and observation presented in the paper as follows:

Assumption 1: operational cell carrier selection by HeNB is always limited to a range of carriers pre-defined by operators and signalled to HeNBs 

Observation 1: In the eventual case of autonomous operational cell carrier selection by HeNBs, the carrier choice would have to be validated by the OAM layer. 

Further, it is suggested to agree to the proposals made within the paper.  

These proposals recommend that the WI focuses mainly on Macro-Pico HetNet scenarios and in particular on solutions addressing UL interference mitigation in Macro-Pico coexistence via re-selection of Scell for UEs supporting carrier aggregation. To summarise the proposals presented a table is shown below, where all the scenarios described are evaluated:
	
	Operational Cell Carrier Selection
	Carrier Selection for CA Scenarios

	
	Macro & Picos
	Coordinated HeNBs
	Uncoordinated HeNBs
	Macro & Picos
	Coordinated HeNBs
	Uncoordinated HeNBs

	Benefit for Interference Reduction
	Low (frequency reuse already sufficient)
	Low 
(current solution already sufficient)
	Low 
(current solution already sufficient)
	High 
(current solutions not solving Macro to Pico UL interference) 
	Medium/Low (due to reduced amount of information available)
	Low 
(due to limited availability of carriers for closed access deployment)

	Risks associated with erroneous selection
	Very High (macro). High (Pico)
	High
	Very High
	Medium/Low (UE measurements in place to help with interference detection)
	Medium/Low (UE measurements in place to help with interference detection)
	High 
(due to coverage holes) 

	Need for interaction with OAM/NMS
	Very High
	High
	Very High
	Low
	Low
	High 

	Solutions currently available
	Radio planning/
Configuration
	Autonomous selection from OAM-assigned carrier range
	Autonomous selection from OAM-assigned carrier range
	Only in case of Macro/Pico detection by UE
	N/A 
(CA not supported by HeNBs)
	N/A 
(CA not supported by HeNBs)

	Priority within Carrier Base HetNet ICIC WI
	Low
	Low (baseline solutions already available)
	Low (baseline solutions already available)
	High
	Medium/Low
	Low


Finally it is proposed to agree on the scenarios structure provided in this paper and to adopt such structure as baseline for the TR document to be drafted within this WI
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� 	Note: a UE at macro cell border, for which the neighbour macro cell DL signal is not visible, will cause uplink interference to the neighbour macro that is relatively small if compared to the interference it could cause to a neighbour Pico cell.  This is due to the higher inter-site distance between macro base stations with respect to pico base stations.
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