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1. Introduction

RAN1 and RAN4 have received a liaison statement on UE measurement and reception capabilities for  LTE from RAN2, where RAN2 asks questions on UE capabilities in relation to UE mobility support in various different E-UTRA deployment scenarios [1]. 
It is important to understand realistic and likely E-UTRA deployment scenarios when considering UE capabilities. Typical deployment scenarios should efficiently be supported by the minimum UE capabilities in order to achieve well performing system. On the other hand, it is considered that less effort could be put in UE capabilities on scenarios that do not represent typical or feasible E-UTRA deployments. In this contribution we investigate needs and feasibility of different E-UTRA deployment scenarios. Especially the deployment of different bandwidth options and carrier frequency is considered in detail. This analysis is expected to provide means for considering necessary UE capabilities in regard to UE mobility support in the E-UTRA system.  
This same contribution is submitted both to RAN1 and RAN4.

2. Discussion

The one of the main requirements for the E-UTRA system in TR25.913 is the support of various different operating bandwidths both in downlink and uplink in order to facilitate the deployment of E-UTRA in many different spectrum allocation scenarios on different frequency bands and geographical areas. For efficiently supporting asymmetrical traffic different bandwidth options could be deployed in DL and UL. Additionally the UE minimum bandwidth capability is independently defined for UL and DL.
RAN4 has partially investigated potential E-UTRA deployment scenarios in its resource aggregation discussions. In those discussions it has become apparent that both from the system performance and complexity perspective the deployment of wider bandwidth E-UTRA carrier is much more efficient than the deployment of more than one narrower bandwidth carriers. When wider bandwidth option is deployed, it is quite likely that the same frequencies (i.e. the same carrier frequency and bandwidth) are also used in the neighbouring cells as an operator typically only have limited amount of spectrum available on a given frequency band. This indicates that it is extremely important that the mobility between the cells with the same carrier frequency and bandwidth is efficiently supported by E-UTRA mobility concept and UE capabilities. The mobility scenario, where neighbour cells have the same carrier frequency as the serving cells, is rather similar to the intra-frequency mobility in WCDMA. In our opinion UE neighbour cell measurement performance in this type of a scenario should also be in the same order as in WCDMA. In WCDMA UE needs to continuously identify and measure intra-frequency neighbour cells without compressed mode while also receiving the actual user data from the serving. Similar UE mobility support is also seen desirable for E-UTRA. This means that the UE should be able receive all common channels needed for identifying a new cell and performing neighbour cell level measurements for the identified neighbour cells while also receiving data from its serving cell. RAN1 is currently working on cell search and common channel design. Additionally, extensions to the minimum UE bandwidth capabilities are discussed and proposed in [2] and [3] in order to make accurate and fast mobility support within the serving frequency layer possible for all E-UTRA bandwidth deployments. The intention is to optimise UE mobility support within the serving frequency layer by avoiding the scheduling of UL/DL idle periods for any terminal regardless of their bandwidth capabilities. 
When the environment within the network changes there may be a desire to change operating bandwidth e.g. for achieving cost savings. Busy urban environments are likely to require the deployment of wider bandwidth option but when moving from urban to rural area the same amount of capacity may not be needed in the network, at least in the first phase of E-UTRA deployment. Thus, narrower E-UTRA bandwidth option could be used instead for cost optimisation. Later on if necessary the operating bandwidth could also be extended in rural areas. If the carrier frequency between the cells is kept the same, the performance of UE mobility support is also expected to be the same and there would not be any need to schedule UL/DL idle periods for UE measurement purposes. This would ensure that no additionally interference would be caused due to delayed handovers.
In addition to UE mobility support within the serving frequency layer it is important that the UE also supports mobility between different frequency layers (i.e. when carrier frequency between the serving cell and neighbour cell is different). However, the performance of UE mobility support between different frequency layers is not seen as critical as the performance of UE mobility support within the serving frequency layer since interference is not seen as an issue between cells on different carrier frequency. Another frequency layer may be on the same or different frequency band. Within the same frequency band different frequency layers may either be located beside each other or further away from each other depending on spectrum allocation. In some cases it could be possible that some UEs would be able to perform neighbour cell measurements on another frequency layer without UL/DL idle periods. However, there may many scenarios where it is quite unrealistic to assume that terminals would be able to support neighbour cell measurement without UL/DL idle periods. It is our understanding that UE mobility support between frequency layers would primarily be provided with the usage of UL/DL idle periods that are either provided by DRX/DTX periods or scheduled UL/DL idle periods. However, a need for UL/DL idle periods is naturally a UE capability issue similarly as the need for compressed mode in WCDMA. 
In E-UTRA there could be scenarios where the UE DL bandwidth capability is wider than the operating bandwidth on the current frequency layer. If other frequency layer is located beside the serving frequency layer e.g. to support hierarchy in the network (e.g. macro and micro frequency layers), both of the frequency layers would fall within the UE DL reception bandwidth. In this type of a scenario there could be terminals that would be able to perform neighbour cell measurements of both frequency layers without UL/DL periods and terminal that would require UL/DL idle periods for measuring neighbour cells, which are not on the serving frequency layer. There are many different constraints that  may affect the UE neighbour cell measurement capabilities between frequency layers. In this kind of a scenario the UE  measurement capability may be dependent on other UE requirements (e.g. RF requirements) and other network deployment related issues between the frequency layers. Thus, it is not safe to assume that the UE is able to perform neighbour cell measurements on another frequency layer without UL/DL periods even if the frequency layer would seem to fall within the UE bandwidth. Even the same UE could perform neighbour cell measurements without UL/DL idle periods in one deployment scenarios but not in another one. Since not all relevant UE and NodeB requirements and E-UTRA deployment options are specified yet, it is not safe to make too optimistic assumptions of UE measurement capabilities without UL/DL periods when the carrier frequency of a neighbour cell is not the same as the serving cell. 

It should be a UE capability, which neighbour cell measurements it is able to perform without UL/DL idle periods. The UE bandwidth capability should be considered as the ability to receive and transmit data and perform neighbour cell measurements within the serving frequency layer (i.e. the carrier frequency remain the same). Additionally new UE capabilities should be defined for mobility support between cells that have different carrier frequency. The capability that determines UE’s need for UL/DL idle periods for certain neighbour cell measurements could be defined in a more flexible manner than in WCDMA if it is desired so. However, when defining the capability parameters it is important to consider overall system complexity as well. 
In some other OFDM based wireless systems real frequency reuse is utilised to cope with interference from the neighbour cells. It is defined as a requirement for E-UTRA system that the system has to be able to operate as a frequency reuse =1 system. Thus, some other mechanisms against interference are developed in E-UTRA. However, in some special cases operator could also consider the usage of real frequency reuse in its network. In these cases the mobility support between the neighbouring cells would not be as good as in case of frequency reuse =1 network since in most cases UL/DL idle periods would be needed for performing the neighbour cell measurements. On the other in a network, where real frequency reuse is in use, accurate and fast mobility support is not needed for interference avoidance reasons but naturally there may be cases that the movement of a UE would require equally good mobility support as in the frequency reuse=1 network due to regular coverage based handovers. 
In order to keep the E-UTRA system and terminal complexity reasonable it is important to note that it is impossible to optimise the system for all possible deployment scenarios. Instead it is essential to identify the main deployment scenarios and how the UE mobility support should be optimised. In this way it is possible to obtain well performing system with reasonable complexity level both in the UE and network. In this section we have considered UE mobility support in different E-UTRA deployment scenarios. UE mobility support within the serving frequency layer (i.e. between cells with the same carrier frequency) is seen as the most essential mobility scenarios. Thus, it is also proposed that the UE mobility support (i.e. the identification of neighbour cells and the level measurements of identified neighbour cells) is used as the main optimisation case. Additionally, it is proposed that good UE performance requirements would be developed for neighbour cells measurements requiring UL/DL idle periods in order to minimise the amount of UL/DL periods needed for measurements and in order to make UE behaviour predictable in the network.
3. Conclusions

In this contribution we have considered different E-UTRA deployment scenarios and needed UE mobility support in these scenarios. UE mobility support within the serving frequency layer (i.e. between cells with the same carrier frequency) is seen as the most essential mobility scenarios. Thus, it is also proposed that the UE mobility support (i.e. the identification of neighbour cells and the level measurements of identified neighbour cells) is used as the main optimisation case for the system. Additionally, it is proposed that good UE performance requirements would be developed for neighbour cells measurements requiring UL/DL idle periods in order to minimise the amount of UL/DL periods needed for measurements and in order to make UE behaviour predictable in the network.The findings of this contribution could be utilised when drafting a response to the RAN2 LS on UE measurement and reception capabilities for LTE in [1].
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