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1. Introduction

In order to support mobility in E-UTRAN the UE should be able to perform handover related measurements on the neighbour cells. The neighbor cell measurements shall be performed in wide range of realistic and typical deployment scenarios, which include cells on serving frequency layer, cells belonging to another frequency or cells employing other access technologies such as UTRAN and GERAN systems [1]. In this document we identify the type of handover measurements that should be performed with and without UL/DL idle gaps.  
2. Types of Handovers in E-UTRA

Different types of handovers that shall be supported by E-UTRA are depicted in figure 1. This classification is useful in understanding which type of handover measurements needs to be carried out during the idle gaps. 

Intra-LTE handovers are performed within serving or non-serving E-UTRA frequency layer. On the other hand inter-handover refers to inter-RAT handover, which correspond to handover to UTRA or GERAN systems. 
The minimum UE bandwidth is 10 MHz whereas the network can deploy up to 20 MHz. Assuming 10 MHz UE shall be placed either on the left or right portion of the bandwidth as also indicated in RAN1 LS [2]. Thus intra frequency handovers within E-UTRA can further be classified into two categories, as shown in extreme left of figure 1. 
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Figure 1: Handovers scenarios supported by E-UTRA
3. Measurement Principles in E-UTRAN 
In order to for the network to perform the above indicated handovers (figure 1) the UE shall report different type of measurements including intra-LTE handover as well as inter-RAT related [3]. Intra-LTE measurements shall be done on downlink reference symbols or any other suitable measurable signals. Such measurements shall be specified by RAN1. UTRA measurements and GERAN measurements (e.g. carrier RSSI) are already specified in 25.215. The detail of the handover measurements is not the scope of this contribution instead the aim is to identify handover measurements that shall be done during idle gaps.        
Figure 2 illustrates non-gap assisted and gap assisted measurement principles that can be used in E-UTRAN. 
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Figure 2: Methods to facilitate different types of handover measurements
We propose that in case of non-gap assisted measurement the UE shall be able to identify and measure cells that are not included in the neighbor cell list, which is provided by the network. The UE shall identify these cells outside the neighbor list whenever possible. Such cells are termed as detectable cells in UTRAN. In UTRAN the UE reports only intra frequency detectable cells [4]. We believe for the gap-assisted measurements the UE shall identify and measure only those cells, which belong to the neighbor cell list signalled by the network. It should be noted the term neighbor cell list is the same as monitored cell list since both terminologies are interchangeably used in UTRAN. As shown on the right side of figure 2, in order to realize gap-assisted measurements the Node B shall create a pattern of periodic UL/DL idle gaps at the scheduler and shall signal the gap pattern to the UE on RRC.  

3.1
Idle Gap Pattern Parameters
In order to ensure that UE performs measurements during the idle gaps created by the scheduler certain parameters needs to be signalled to the UE. The possible idle gap pattern and the associated parameters as shown in figure 3. As indicated in figure 3, idle gap pattern (IGP) should be aligned with the sub-frame number since minimum scheduling duration shall be one TTI, which in turn is multiple of sub-frames.

We propose that network creates the gaps and signals the corresponding parameters as well as the neighbor cell list to the UE. The details of the setting and creation of IGP shall dependent on the implementation at the Node B. The network can utilize the existing UE measurement reports, Node B measurements and shall also take into account the UE measurement capabilities in order to decide when to create gaps, length of the gaps, and the periodicity of the gaps as well as the type of measurements is to be performed by the UE.   
However, we believe it should be investigated how idle gaps interact with HARQ transmission and retransmissions. Apparently strict periodic gaps should be avoided as this may impact HARQ performance and may lead to resource wastage.
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Figure 3: Parameters related to idle gap pattern (IGP)
3.2
Measurement methods for Different Handover Types
Table 1 depicts the methods to be used for different types of handover measurements. We believe that E-UTRA UE should perform non-gap assisted measurement only within its serving frequency layer within the reception bandwidth. In this scenario the UE shall be able to report both detectable cells (method A1) as well as cells of neighbor cells list (method A2).  For all other handover scenarios the UE shall perform measurement during the idle gaps (method B) on the cells of the neighbor cell list provided by the network.
Table 1: Methods to be used for different types of handover measurements
	Intra LTE Measurement
	Inter-RAT Measurement

	Intra Frequency
	Inter Frequency
	UTRAN FDD/TDD
	GERAN

	Inside reception BW
	Outside reception BW
	FDD
	TDD
	
	

	A1, A2
	B
	B
	B
	B
	B


A1: Non gap-assisted measurement of detectable cells

A2: Non gap-assisted measurement of neighbor cell list

B:   Gap-assisted measurement of neighbor cell list

4. Summary

In this contribution we have described both non-gap assisted and gap-assisted measurement methods to facilitate different types of handover measurements. We have proposed that non-gap assisted measurement should be used for E-UTRA intra frequency measurements that are done within the reception bandwidth of the UE. For measurements outside UE reception bandwidth, E-UTRA inter-frequency measurement as well as for all inter-RAT measurements, only gap-assisted measurement should be used. The UL/DL idle gap pattern should not unnecessarily degrade the HARQ performance. Therefore, idle gap pattern should further be investigated especially its interaction with HARQ transmissions. 
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6. Text Proposal for RAN2 Technical Specifications
This section provides text proposal for RAN2 TS.   
10.1.31
Neighbour cell measurements within the serving frequency layer

In a system with frequency reuse = 1, mobility within the same frequency layer (i.e. between cells with the same carrier frequency) is predominant. Good neighbour cell measurements are needed for cells that have the same carrier frequency as the serving cell in order to ensure good mobility support and easy network deployment. Search for neighbour cells with the same carrier frequency as the serving cell, and measurements of the relevant quantities for identified cells are needed.
NOTE:
To avoid UE activity outside the DRX/DTX cycle, the reporting criteria for neighbour cell measurements should match the used DRX/DTX cycle.
The UE shall be able to identify and measure the E-UTRA intra frequency neighbour cells inside the UE reception bandwidth, without any UL/DL idle gaps. The UE shall identify and measure cells belonging to the neighbour cell lists provided by the network as well as detectable cells, which are not included in the neighbour cell list. 
The UE shall be able to identify and measure the E-UTRA intra frequency neighbour cells outside the UE reception bandwidth during UL/DL idle gaps created by the network. The UE shall identify and measure cells only belonging to the neighbour cell lists provided by the network.
10.1.3.2
Neighbour cell measurements of other frequency layers

Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX/DTX or packet scheduling (i.e. gap assisted measurements).
NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.
The UE shall identify and measure cells only belonging to the neighbour cell lists provided by the network.
-------NEXT SECTION----

10.2
Inter RAT

10.2.1 
Cell reselection

10.2.2
Handover

10.2.3
Measurements

10.2.3.1
Inter-RAT handovers from E-UTRAN

Measurements to be performed by a UE for inter-RAT mobility can be controlled by E-UTRAN, using broadcast or dedicated control. In RRC_CONNECTED state, a UE shall follow the measurement parameters specified by RRC or MAC commands (FFS) directed from the E-UTRAN (e.g. as in UTRAN MEASUREMENT_CONTROL).

UE performs inter-RAT neighbour cell measurements during DL/UL idle periods that are provided by the network through suitable DRX/DTX period or packet scheduling if necessary.

NOTE:
How the gaps are controlled, as well as how the scheduler knows the gaps required by the UE, is FFS.

The UE shall identify and measure GERAN and UTRAN cells only belonging to the neighbour cell lists provided by the network.  
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