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1. Introduction
In RAN#42, the work item on LTE FDD Home eNodeB RF requirements has been agreed [1]. Part of the work item is to study the interference scenarios in order to identify some interference mitigation techniques that are essential for Home eNodeB deployments. In the last RAN4#51 meeting, some potential interference scenarios for LTE FDD Home eNodeB have been approved, where the scenarios are applicable to the CSG type deployments [2]. 

However, hybrid cell deployment scenarios are identified to be useful for HeNB. Indeed, RAN2 has agreed to study aspects of hybrid cells such as inbound mobility handover and idle mode mobility handling for both UMTS and LTE femtocell [3][4][5][6][7]. 
In this contribution, we discuss possible scenarios for hybrid cell type deployments that are envisaged from the current HNB deployment [8].
2. Discussion

In both SA and RAN2 definition, hybrid access HeNB can be identified from CSG and open HeNB based on the CSG-Identifier and CSG-Indicator, i.e. if CSG-Indicator = “false” and CSG-ID present in the SIB message [9]. Therefore, Hybrid access HeNB will be supported from Release 9 onwards. 
In general it is expected that hybrid cell will help mitigate interference relative to the CSG cell. For example in the case where a MUE downlink is experiencing interference from a HeNB, the MUE could hand-in to the HeNB to achieve a better signal quality. Similarly in the case where a HUE uplink is experiencing interference from a MUE, if the MUE hands in to the HeNB then the interference from the MUE is controlled and reduced by the HeNB. 

However there are likely to be constraints on such operation. For example it is not practical for high mobility users (e.g. users inside vehicles) to connect to HeNBs since such users would pass through the HeNB coverage area in a short time. There are also constraints on the air interface and backhaul capacities which might limit the scope for non-CSG users to connect to the hybrid access HeNB while maintaining the CSG users’ QoS to an acceptable level.  Under such constraints the hybrid access cell essentially reverts to a normal CSG cell, with the associated interference impacts.
To better understand the interference issues related to Hybrid access HeNB, we need to explore several possible use cases. Here we have cited four use cases and potential interference scenarios:

2.1 Semi-open access for users in shopping centres

In a shopping centre or any large building, indoor coverage from macrocells is generally not sufficient to service large number of users. In this case, Hybrid access HeNB can be deployed by each individual shop owner or sections of the building to provide good quality of service and coverage. This essential creates some sort of zoning of services within the indoor area, and such zoning concept is thought to be best implemented by a Hybrid cell rather than a CSG cell due to the reason that capacity of HeNB can be better utilised. In addition, the owner of HeNB can:

1. provide better environments for high speed internet service and voice calls 

2. draw more customers into the premises and increase the business opportunity

3. allow preferential treatment for preferred and high value customers. 

In this case, the network becomes heterogeneous where small pockets of cells appear in the macrocell layer, as shown in Figure 1. 
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Figure 1: Hybrid Cell interference scenario in a shopping centre
Based on Figure 1, indoor UEs whether CSG or non-CSG, can be served by the macro-eNB or hybrid cells close by.  Then, in this case a non-CSG UE can be either MUE or HUE and vice versa. Also, a CSG UE can becomes a non-CSG UE, depending on whether it is on the HeNB’s “Allowed CSG list”. Then, depending on the deployment strategy, a CSG UE will experience different interference from surrounding Hybrid cells and macrocells. The Hybrid cell could reduce the impact of interference relative to basic CSG, since a UE (not on the “Allowed CSG list”) which is either causing interference to, or is subject to interference from, a HeNB could temporarily hand-in to the Hybrid access HeNB. 
To model the interference scenario in Figure 1, the following considerations should be made:

· Mobility in a shopping centre scenario will be low making hand-in to Hybrid access HeNB feasible.
· Backhaul is not likely to be a significant limiting factor when considering access to Hybrid access HeNB by non-CSG UEs since shopping centres are likely to have access to high speed backhaul options such as Gigabyte Ethernet links and fibre optic cables. 

· Air interface capacity limitations will apply and it is important to understand the degree of interference mitigation possible for a representative deployment model and density of HeNBs and UEs.
However, current HeNB dense urban deployment models may be re-used with some modifications in order to capture the difference between CSG and Hybrid cell.  
2.2 Semi-open access for residential users  
In a residential premise (e.g. house, apartment, etc.), the Hybrid access HeNB can be purchased by the home owners to provide CSG members with preferential access. These CSG members could be family members, relatives and friends. Depending on the deployment strategy, the Hybrid access HeNB could be more attractive than a CSG HeNB. One of the reasons is the ability to reduce cost of ownership via reduced call tariffs. 
The modelling of Hybrid cells in residential (suburban or dense urban) area can follow CSG models [10], with some modifications in order to capture the difference between CSG and Hybrid cell. Some of these modifications are outlined below:

· Mobility in a residential scenario will be low making hand-in to semi-open HeNB feasible.

· Backhaul may be a limiting factor when considering access to HeNB by non-CSG UEs since typical residential backhaul connections will be made using DSL for which bandwidth may be restricted. 
· Air interface capacity limitations will also apply and it is important to understand the degree of interference mitigation possible for a representative deployment model and density of HeNBs and UEs.
In addition, the interference situation is more complex in a multi-storey apartment if there are many Hybrid access HeNBs in the apartment building.
2.3 Semi-open access for high-street users
This use case is similar to shopping centre case with the difference that user mobility will have more dominant effect. In this case, for the same arguments as section 2.1 that shop owners tend to deploy hybrid access HeNB to boost up their business, the coverage of the HeNB needs to be tightly controlled due to the risks that:
1. the probability of coverage overlap between hybrid HeNB and macrocells is high. 

2. macro UE users walking down the street  are more likely to be able to detect the HeNBs. 
The mobility of high street users is likely to be mainly low however there is the possibility that vehicular users may also pass by which may result in some transient interference effects which could not be mitigated by hand-in.
Backhaul may be a limiting factor when considering access to HeNB by non-CSG UEs since some backhaul connections will be made using DSL for which bandwidth may be restricted. Higher bandwidth backhaul solutions might be available for larger stores especially if hybrid access HeNBs are deployed to boost up their business. Air interface capacity limitations will also apply and it is important to understand the degree of interference mitigation possible for a representative deployment model and density of HeNBs and UEs.

2.4 Semi-open access in the enterprise environment

The enterprise environment is characterised by a high density of stationary and pedestrian users in an indoor environment, possibly served by a number of interconnected or co-ordinated HeNBs.  One attraction of a hybrid access deployment in an enterprise scenario is the ability to assign employees as CSG members, giving them preferential access over visitors. 
The mobility in an enterprise scenario will be low making hand-in to semi-open HeNB feasible.

Backhaul is not likely to be a significant limiting factor when considering access to HeNB by non-CSG UEs since enterprises are likely to have access to high speed backhaul options. 

However air interface capacity limitations will still apply and it is important to understand the degree of interference mitigation possible for a representative deployment model and density of HeNBs and UEs.

2.5 Proposed Hybrid cell interference scenarios
The interference scenarios, in terms of victim and aggressor, as defined for the basic CSG in [2] will also apply to Hybrid cell. Table 1 is extracted from [2] with the proposed modifications:
	Scenario No.
	HeNB Deployment Type
	Interference Description

	1
	Shared or dedicated carrier, Hybrid access or CSG
	Uplink Interference 

MUE Tx to HeNB Rx

Victim: HeNB uplink

Aggressor: MUE attached to macro eNB
	
[image: image2]

	2
	Shared or dedicated carrier, Hybrid access or CSG
	Uplink Interference 

HeNB UE Tx to macro eNB Rx

Victim: Macro eNB uplink

Aggressor: MUE attached to macro eNB
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	3
	Shared or dedicated carrier, Hybrid access or CSG
	Downlink Interference 

HeNB Tx to MUE Rx

Victim: MUE downlink

Aggressor: HeNB
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	4
	Shared or dedicated carrier, Hybrid access or CSG
	Downlink Interference

Macro eNB Tx to HeNB UE Rx

Victim: HeNB UE downlink

Aggressor: Macro eNB
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	5
	Shared or dedicated carrier, Hybrid access or CSG
	Downlink Interference

HeNB Tx to Other HeNB UE Rx

Victim: HeNB UE downlink

Aggressor: HeNB
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	6
	Shared or dedicated carrier, Hybrid access or CSG
	Uplink Interference

HeNB UE Tx to Other HeNB Rx

Victim: HeNB uplink

Aggressor: UE attached to other HeNB
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Table 1: Interference Scenarios for Hybrid cells
Note that Scenario 5 and 6 are of lower priority compared to Scenario 1 – 4 for hybrid cell deployment case.  
3. Conclusion
In this document, the hybrid access deployment scenarios for HeNB have been discussed. Based on the use cases, some differences between CSG and Hybrid cell have been found. However, when Hybrid cells fulfil a certain number of constraints, the behaviour of Hybrid cells will revert to CSG cells. 

Hence, it is proposed to study the interference scenarios of Hybrid cell during the HeNB interference study. 
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