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1 Introduction

At the RAN2#81, the study item on small cell enhancements – higher layer aspects [1] discussion was started in RAN2. The discussion was primarily focus on the small cell deployment scenarios and potential challenges to be address in the study. Email discussion [81#32] was targeted for analysis of expected challenges in small cell deployments. In this contribution we further analysis the challenges in inter-frequency small cell deployment scenario and attempt to identify the goal of the small cell study considering the inter-frequency small cell deployment scenario. Finally the possible solutions for inter-frequency scenario are discussed.  
2 Discussion
A number of challenges were listed for further investigation for inter-frequency small cell deployment scenario based on RAN2#81 discussion. This contribution addresses the following challenges. 
a) Mobility challenge: mobility robustness, increase signalling load and user interruption due to frequent handover
b) Throughput enhancements: per-user throughput, system throughput enhancements

Mobility challenge

The primary reason for inter-frequency handover in legacy network is due to the load balancing requirement such that the network load can be distributed over number of frequency layers. Unlikely in the case of co-channel handover requirement which requires the performance of handover in time critical manner in order to avoid the UE experiencing RLF, inter-frequency handover in many deployment scenarios could be considered to be performed while the UE is having a good quality links to the source and target eNBs. The main reason for the mobility robustness issue in co-channel deployment is due to the heavy co-channel interference from macro cell when handover is performed from pico to macro cell. Such a strong interference is not present in inter-frequency deployment scenario.

Two different deployment scenarios can be considered for inter-frequency small cell deployment. 
a). inter-frequency small cell is deployedwithin macro coverage in the same frequency
b). inter-frequency small cell is deployed without macro coverage in the same frequency
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Figure 1: inter-frequency small cell deployment within macro coverage in the same frequency
Pico CRE region may be considered to be the problematic region in this scenario. Inter-frequency handover performed at the pico cell centre region is no different to inter-frequency handover between two macro cells. The handover to/from pico CRE region was considered under Rel-11 eICIC study. However, mobility robustness was not identified as an issue. The inter-frequency handover (from macro-to-pico or pico-to-macro) is not seen as time critical. When the UE moves out of the pico cell, intra-frequency HO could be performed if necessary.  
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Figure 2: inter-frequency small cell deployment without macro coverage in the same frequency

Use cases of this scenario are the use of small cell in hotspot and coverage holes scenario. In this scenario when the UE is moving out of the pico cell, the handover to macro cell1 is critical to maintain the UE’s radio connection. Implementation could be enabled such that the mobile UEs are handover to the macro cell prior to its arrival at the cell edge.

Observation 1: Time critical inter-frequency handover could be avoided in the implementation hence mobility robustness may not consider as significant in inter-frequency mobility scenario

Frequent handover increases the signalling load towards the core network. The frequency of the inter-frequency handover due to load balancing relates to the load balancing algorithm itself. If the focus is on efficient load balancing with varying load condition, frequent inter-frequency handover may be resulted. With the dual connectivity support, frequent handover can be avoided and at the same time achieving load balancing for varying load condition. Even though, dual connectivity reduces CN signalling, it requires additional X2 signalling for small cell preparation and configuration to the UE. 
Handover procedure as per the current LTE standard is based on “brake before make” from the UE point of view. The UE stops the communication with the source cell prior to making a radio connection with the target cell. This results in interruption to the user plane. The dual connectivity allows the UE to be able to connected to both source and target cells, hence the user plane interruption can be minimised. 

Observation 2: Dual connectivity support provides a method of minimising user plane interruption due to frequent handover

Throughput enhancements
Carrier Aggregation (CA) was introduced in Rel-10 in order to support wider transmission bandwidths such that the UE with simultaneous reception/transmission capabilities receive/transmit data on multiple carriers and experience throughput supported by wider bandwidth. At the same time the pre-rel-10 UEs with single reception/transmission capability could be served using a single carrier. Even though, higher throughput aggregated from multiple carriers is achieved in CA, Rel-10/11 CA has limited deployment requirement. Only ideal backhaul link is supported. The cells involved in the transmission are belonging to the same eNB. The above requirement also implies that the cells from different vendors (inter-vendor) are not configurable for CA operation in Rel-10/11.
Carrier aggregation concept can be extended to enable aggregation of carriers from different cells connected via non-ideal backhaul link. This allows for support of wider bandwidth to the UE in practical scenario involving non-ideal backhaul link and also cells belonging to different eNBs. Similar to the CA concept, the peak UE throughput corresponds to the aggregation of different bandwidth. The specific gain realized from system point of view however is a function of the available scheduling opportunities (which is a function of the cell loading), the quality of the transmission links and frequency of information exchange between the involved cells (which is a function of the backhaul latency). Therefore, inter-site CA can be seen as an efficient off loading of traffic via another (lightly loaded) cell from the system point of view.  

Observation 3: multi-site CA supports wider bandwidth to the UE and supports efficient resource utilisation among multiple cells which belong to different eNBs connected via non-ideal backhaul link.

Taken into account the discussion above, the goal of small cell study w.r.t. inter-frequency small cell deployment scenario could be highlighted as:

The study of efficient resource utilisation (ie: load balancing) among multiple cells while avoiding excessive signalling load and support of wider bandwidth for the UE with enabling of aggregation of carriers from multiple cells while considering practical deployment scenario where non-ideal backhaul latency and the cells belong to different eNBs (eg: inter-vendor network deployment) are considered.

Proposal 1: RAN2 is requested to discuss the primary goal of inter-frequency small cell deployment scenario.

Dual connectivity has been proposed as a way of achieving the goal of small cell study in inter-frequency small cell deployment scenario. The UE maintains the communication with more than one cell simultaneously. UE with simultaneous reception/transmission capability, the UE can simultaneously receive and/or transmit on multiple carriers corresponding to multiple connected cells. If UE with single receiver/transmitter is supported with dual connectivity, the UE can maintain dual connectivity towards multiple cells however the UE can receive/transmit from/to only one cell at a given time. This scenario requires coordination of time UL/DL scheduling instances from multiple cells and this introduces complexity and scheduling flexibility which can eliminate any gains from dual connectivity.  Another possibility is have UE provide UL feedback to both cells to reduce scheduling flexibility but this needs to be evaluated by RAN1. Benefits for single rx/tx UEs should be carefully evaluated taking these restrictions and complexity into consideration.
Proposal 2: Single Rx/Tx solutions should be evaluated separately on benefits vs complexity with feedback from RAN1 on possible UL feedback solutions.
3 Conclusions

This contribution discussed the challenges in inter-frequency small cell deployment scenario. Based on the identified major challenges, it was attempted to identify the primary goal of the small cell study in inter-frequency scenario. The following observations and proposals are made.

Observation 1: Time critical inter-frequency handover could be avoided in the implementation hence mobility robustness may not consider as significant in inter-frequency mobility scenario

Observation 2: Dual connectivity support provides a method of minimising user plane interruption due to frequent handover
Observation 3: multi-site CA supports wider bandwidth to the UE and supports efficient resource utilisation among multiple cells which belong to different eNBs connected via non-ideal backhaul link.

Proposal 1: RAN2 is requested to discuss the primary goal of inter-frequency small cell deployment scenario. The goal of small cell study w.r.t. inter-frequency small cell deployment scenario could be highlighted as:
The study of efficient resource utilisation (ie: load balancing) among multiple cells while avoiding excessive signalling load and support of wider bandwidth for the UE with enabling of aggregation of carriers from multiple cells while considering practical deployment scenario where non-ideal backhaul latency and the cells belong to different eNBs (eg: inter-vendor network deployment) are considered.

Proposal 2: Single Rx/Tx solutions should be evaluated separately on benefits vs complexity with feedback from RAN1 on possible UL feedback solutions.
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