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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. We also propose the way idle gaps should be created to do neighbour cell measurements.

Compared to earlier submissions, this revision divides the proposal into a baseline procedure plus a performance enhancement.
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. 

According to the current decision in RAN1 the UE minimum reception bandwidth is 20 MHz. Therefore even in case of 20 MHz cell the UE will be able to do the intra-frequency measurements within its reception bandwidth. 
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Figure 1: Handovers scenarios supported by E-UTRA

It can be noted that there is probably a need to be able to configure multiple simultaneous measurements, e.g. on intra-frequency, Intra-frequency LTE and GERAN neighbour cells.

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.

3.1 Measurement methods for Different Handover Types

Table 1 depicts the methods to be used for different types of handover measurements. We propose E-UTRA UE performs non-gap assisted measurement only within its serving frequency layer. For all other handover scenarios the UE shall perform measurement during the idle gaps (method B).

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

	FDD
	TDD
	FDD
	TDD
	
	

	A
	A
	B
	B
	B
	B


A: Non gap-assisted measurement 

B:   Gap-assisted measurement
3.1
Configuration of Idle Gap Pattern 

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 2. As indicated in figure 2, 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.
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Figure 2: Parameters related to idle gap pattern (IGP)

As has been discussed in the earlier contributions there can be the following different ways to schedule idle gap patterns:

· Static idle gaps

· Fully dynamic periodic gaps

· Semi-dynamic periodic gaps

Ericsson considers the first method, static idle gaps, to be the baseline solution. Dynamic gaps is a performance enhancement, which can be added to the baseline solution.

3.1.1 Static Idle Gaps

In static idle gap patterns the network configures all the associated parameters at the time of measurement configuration. In this approach the gaps occur periodically according to the figure 2. The periodic pattern is used throughout the measurement until modified by higher layer signaling. The UE will not be scheduled during the gaps instead it will perform the requested measurements. This approach has the following drawbacks:

· HARQ initial transmission and retransmissions could be delayed. Furthermore, the synchronous retransmissions in the uplink could collide with the idle gap periods. 

· Scheduler is unable to schedule during every gap, which could lead to more resource wastage. 

Due to the above reasons we don’t prefer fully static idle gap approach for neighbour cell measurements.

3.1.2 Dynamic Idle Gaps

Dynamic idle gap scheduling is also proposed in earlier papers [5] [6]. The dynamic gaps are generally created through negotiation between UE and Node B. Hence the gap allocation involves closed loop mechanism via L2 signalling. They may also be dependent upon CQI quality. For instance gaps are granted when CQI quality is not sufficiently good.

The scheme is flexible in a sense that scheduler can utilize resources in a more efficient way. However the major drawback is additional MAC level signaling overhead due to closed loop operation. Such signaling will be needed for each gap allocation. In principle the UE may be required to report measurements for the whole session duration. This means the signaling load during the entire session could be considerable.

The UE may also be required to do different types of measurements simultaneously (e.g. IF, WCDMA, GERAN). The measurement gap length could be different for different types of measurements. Hence in such scenario (multiple simultaneous measurements) the fully dynamic approach would involve even more signaling overheads.

3.1.3 Semi-dynamic Idle Gaps

In semi-dynamic idle gap allocation the gap pattern (as in figure 3) is initially assigned to the UE at the start of each measurement via RRC signaling in a Measurement Control message. But during the course of the measurement the gaps can be altered by sending short commands. The network can send (command) one bit of information via MAC layer signaling (i.e. not via L1/L2 control channel) to the UE to indicate whether the UE shall consider the gap pattern to be on or off. When the gap pattern is off the UE may be scheduled during the gap pattern and so will not use the gap to do measurements. On the other hand when the gap pattern is on, the UE will not be scheduled and so can do measurements during the gaps. 

Though on/off signalling is resource efficient, it may also be misinterpreted when transmission power level is inadequate. In order to prevent the consequence of misinterpretation of the gap on off commands sent via MAC layer, the reliability behaviour can be specified as this has generally been done in UTRA for this type of signalling (on/off). 

The network can always take into account the UE measurement reports (e.g. available CQI reports), HARQ transmission status, outstanding traffic in the buffer, Node B measurements etc when issuing the short commands for switching on and off the gaps. 

In summary the semi-dynamic idle gap approach uses a combination of both RRC signaling and MAC layer commands to activate and deactivate the idle gaps for measurement. On the one hand the semi-dynamic approach as compared to the fully static idle gap method provides enough flexibility to the scheduler to schedule any outstanding data. On the other hand it also involves fewer signaling overheads as compared to the fully dynamic idle gap method.
3.1.3.1
Triggering of Semi-dynamic Idle Gap
The semi-dynamic idle gap can be triggered by network configured event at the UE. The event can be configured in the measurement control message, which is used to configure other types of measurement aspects (e.g. type of measurement, filtering aspect etc). The network should also be able to specify the required duration of the measurement condition  after which the event occurs, e.g. in terms of the number of frames or infinite amount of time. 

The network sends an RRC “Measurement Command” and, immediately afterwards or e.g. when the measurement event has occurred, may start sending MAC layer “gap on” and “gap off” commands. When the configured event conditions are fulfilled, the UE reports the event to the network . Consequently, the UE starts the measurement during the gaps while taking into account the MAC layer commands and will continue the measurement until the ordered event occurs (e.g. network specified duration ends) or the network stops the measurement.

3.1.3.2
Gap allocation vs. measurement delay
Shorter measurement reporting delay is desirable as it decreases the overall handover delay. The measurement reporting delay will be highly dependent upon the gap pattern (e.g. gap length, frequency of gap). We believe that the E-UTRA inter-frequency measurement reporting delay should be in the order of 1-2 seconds to ensure reasonable handover performance. The measurement reporting delay requirements shall be specified in RAN4 once RAN2 has specified the gap control methodology. 

It may be noted that the measurement accuracy or delay may be impaired by the “puncturing” of measurement gaps. The semi-dynamic method is primarily intended to prioritize HARQ operation (delay) at some (small) expense of measurement accuracy or delay. This is an issue primarily for the reading of neighbour cell information, which usually occurs with a defined periodicity. 

The network should be able to estimate the impact of “gap puncturing” on delay and/or accuracy in order to optimize system performance. This is assumed to be achieved by RAN4 specifying measurement performance for a small range of cases, e.g. for no “gap puncturing” and for one “gap puncturing” pattern. This is a general specification issue for all network-controlled schemes, however. In case the UE must read infrequently occurring information, e.g. Global Cell ID or BSIC, the eNB should not use “gap puncturing”. The eNB knows when the UE is performing these tasks, so this is easily achieved. Limitations on “gap puncturing” can be stated in RAN4-managed specifications (e.g. similar to 25.133)

3.1.3.3
Impact of DRX Operation on Idle Gap 
The UE in RRC_connected mode can operate in discontinuous reception (DRX) mode. Depending upon the type of service and the amount of traffic, the network will have the possibility to employ a DRX cycle, which may range from very short value (e.g. 10 ms) to considerably long duration (e.g. 5.12 seconds). The network will order the UE to perform neighbour cell measurements during the idle gaps when UE is in continuous mode (i.e. operating in non-DRX mode) or when using very short DRX cycle. In case of long DRX cycle the UE can do measurements without any idle gaps by creating ‘measurement occasions’ during the sleep periods. The range of DRX cycles for which UE can conveniently perform the measurements during measurement occasions (i.e. without idle gaps) would depend primarily upon the duration of each measurement snapshot. A typical idle gap (or time needed for measurement) is expected to be in the order of 5-10 ms, which needs to be investigated and specified by RAN4. RAN4 also needs to investigate the range of DRX cycle values, when the UE can be assumed not to need idle gaps. .
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. For E-UTRA inter-frequency measurement as well as for all inter-RAT measurements, only gap-assisted measurement should be used. Periodic gap patterns is the baseline solution. In addition, the UL/DL idle gap pattern should not unnecessarily degrade the HARQ performance and should also provide flexibility to the scheduler. Furthermore, idle gap pattern allocation should require fewer signaling overheads. Therefore, we propose a semi-dynamic idle gap pattern, which provides a good compromise in terms of signaling overheads, HARQ performance and scheduler flexibility. It is also proposed that in case of long DRX cycles the UE does not require idle gaps instead use measurement occasions during the sleep periods for performing measurements.

5. Text Proposal for RAN2 Technical Specifications 36.300
This section provides text proposal for RAN2 TS 36.300 [7].   
10.1.3.1
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 without any UL/DL idle gaps. 

-------NEXT SECTION----

10.5

Idle Gaps for Measurements
A semi-dynamic idle gap pattern shall be used for gap-assisted measurements. In a semi-dynamic idle gap pattern assignment the gap pattern is initially assigned to the UE at the start of the measurement configuration but during the course of the measurement the gaps can be activated or deactivated by sending short commands. 

The network shall pre-configure one or more idle gap patterns at the UE according to figure 10.5 using RRC signalling via the measurement control message. The network shall also configure via the measurement control message an event to trigger the semi-dynamic gap and the length of time during which the UE shall perform the gap-assisted measurement. 

The network shall send one bit of information to the UE using MAC layer signaling (i.e. not via L1/L2 control channel) to indicate whether the UE shall consider the next gap for the downlink measurement or not. Each pre-configured idle gap pattern is characterized by start sub frame number (SSSFN), end sub frame number (ESSFN) and inter-gap length as shown in figure 10.5. 

The UE shall use the idle gaps for gap-assisted measurements either in continuous mode (i.e. non DRX mode) or when using very short DRX cycle. In case of long DRX cycle, the UE shall use the measurement occasions during the sleep periods to perform the measurements.   
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Figure 10.5: Pre-configured parameters for idle gap pattern (IGP)
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