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Discussion and decision
1. Introduction

CS fallback procedure is based on the mobility from E-UTRAN to a legacy RAT supporting CS domain. PS handover, NACC or redirection by RRC Connection Release is used as the mobility procedure. It is expected that measurement of legacy system is carried out when the CSFB procedure utilizes the PS handover or NACC. This is because the identification of the target cell is needed for these mobility procedures.
In release-8, connected mode inter-RAT measurement is performed in and restricted by measurement gaps (6ms gap every 40ms or 80ms). As can be seen in RAN4 requirements [1], the consequence is longer cell identification time or cell measurement time.

In this document we will show that the current performance of inter-RAT measurements is not satisfactory when used for CSFB. We further discuss the gains of “continuous gap” as opposed to the existing periodic measurement gap.
2. Discussion
2.1. PS handover to UTRAN
We consider the case where a UTRA cell neighbour list is given to the UE and measurement gap configuration of 40ms periodicity is given to the UE. The total delay from the idle mode to the handover completion (right before sending Service Request in UTRAN) comprises the following components. Numbers in the brackets are estimates mostly from the corresponding performance requirements.
· RRC connection establishment delay in E-UTRAN (100ms)
· Extended service request procedure (50ms)
· UTRA cell identification and measurement

· PS handover delay including backhaul preparation (150ms)
For UTRA cell identification and measurement we can use the following requirements in [1].
Firstly the UE has to identify new UTRA cells according to the following requirement. ‘Tbasic_identify_UTRA_FDD’ is 300ms and ‘Tinter1’ (available time for measurement within 480ms) is 60ms. 
	8.1.2.4.1.1.1
Identification of a new UTRA FDD cell

When explicit neighbour list is provided and no DRX is used the UE shall be able to identify a new detectable cell belonging to the monitored set within 
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Further measurements are needed in order to meet measurement accuracy requirement. The measurement capability is defined as follows. ‘Tmeasurement_period, UTRA_FDD’ is 480ms and Tbasic_measurement_UTRA_FDD is 50ms.
	8.1.2.4.1.1.2
UE UTRA FDD CPICH measurement capability
When measurement gaps are scheduled for UTRA FDD inter RAT measurements the UE physical layer shall be capable of reporting measurements to higher layers with measurement accuracy as specified in Section 9.2 with measurement period given by
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The total delay can be summarised as follows.
	Number of UTRA carrier to measure
	RRC connection establishment delay in E-UTRAN
	Extended service request procedure
	UTRA Cell identification
	UTRA Cell measurement
	PS handover delay

	Total

	1
	100ms
	50ms
	2400ms
	480ms
	150ms
	3180ms

	2
	
	
	4800ms
	800ms
	
	5900ms

	3
	
	
	7200ms
	1200ms
	
	8700ms


Table-1: Total delay when the measurement gap configuration today is used

It is our view that the total delays summarized in the above table are far from satisfactory from the user experience point of view. It could be argued that typical implementations can do better, however we can not preclude the existence of implementations that can barely meet the above requirements. It should also be noted that additionally the “RB setup” procedure is needed in the target system, which typically takes a few seconds.  
It has been shown that the cell identification time and cell measurement time are the dominant contributors for the total delay. The parameter ‘Tinter1’ is the limiting factor when the cell identification and measurement are performed only in measurement gaps. If we assume the delays will scale according to the equations above, the use of a continuous measurement gap will bring about a significant gain as shown in the following table.
	Number of UTRA carrier to measure
	RRC connection establishment delay in E-UTRAN
	Extended service request procedure
	UTRA Cell identification
	UTRA Cell measurement
	PS handover delay

	Total

	1
	100ms
	50ms
	300ms
	480ms
	150ms
	1080ms

	2
	
	
	600ms
	480ms
	
	1380ms

	3
	
	
	900ms
	480ms
	
	1680ms


Table-2: Total delay when continuous measurement gap is used

The reason why the measurement delay does not scale based on the number of carrier frequencies is that the basic measurement period (480ms) takes into account averaging of measurement sampled over time, which results in a spare time to measure multiple frequencies.
2.2. PS handover to GERAN
For PS handover to GERAN, RRC connection establishment delay in E-UTRAN, extended service request procedure and PS handover delay including backhaul preparation delays are assumed to be the same as those of PS handover to UTRAN.

GERAN measurement consists of the GSM carrier RSSI measurement and BSIC identification.
Similarly to the UTRAN measurement, the carrier RSSI measurement requirement also considers measurement averaging (3 samples per carrier) over 480ms time period.  When 32 GSM carriers are considered to be measured, it takes 480ms regardless of whether it is based on the existing measurement gap configuration or a continuous measurement gap.
After carrier RSSI measurement, the UE performs BSIC identification. The requirement for the BSIC identification time per carrier is as follows [1]. This large value is due to the fact that the UE needs to rely on the “sliding” effect between measurement gap timing and SCH timing of the target cell in order to find and acquire the BSIC. 
	Tidentify,gsm(ms)

	40ms gap configuration (ID 0)
	80ms gap configuration (ID 1)

	2160
	5280


Table-3: Initial BSIC identification requirement
In case of continuous gap, it is good enough to have continuous 51ms gap per carrier in order to be able to acquire the BSIC. RF switching time of roughly 1ms is assumed when BSIC identification is needed for multiple carriers. 
The following table summarizes the total delay for the case the UE has identified reasonably good 6 carriers through GSM carrier RSSI measurement and try to identify BSIC from all the 6 carriers.

	
	RRC connection establishment delay in E-UTRAN
	Extended service request procedure
	GSM carrier RSSI measurement
	Initial BSIC identification (6 carriers)
	PS handover delay

	Total

	40ms Measurement gap configuration
	100ms
	50ms
	480ms
	12960ms
	150ms
	13740ms

	Continuous gap
	
	
	
	312ms
	
	1254ms


Table-4: Total delay for PS HO to GSM

2.3. NACC to GERAN
NACC takes more than PS handover, but the basic components are almost the same.

	
	RRC connection establishment delay in E-UTRAN
	Extended service request procedure
	GSM carrier RSSI measurement
	Initial BSIC identification (6 carriers)
	PS handover delay

	Total

	40ms Measurement gap configuration
	100ms
	50ms
	480ms
	12960ms
	1000ms
	14590ms

	Continuous gap
	
	
	
	312ms
	
	1942ms


Table-5: Total delay for NACC to GSM
3. Proposal
From the above analysis we see a signification gain can be achieved by supporting a continuous gap for inter-RAT measurement. This is especially beneficial in CSFB scenarios where the procedure is started from idle mode, because there is no other active service ongoing that could be disrupted by the long measurement gap. In case of CSFB triggered in connected mode, it is up to the eNB if it will use a continuous gap considering the QoS of ongoing service(s).
We therefore propose the continuous measurement gap with the following principles.

· Absolute gap length is variable and configured by the eNB

· The UE is allowed to come back in a middle of measurement gap once the corresponding measurements have been done

· If the measurement gap ends while the measurements are under progress, the UE only reports what it has successfully measured during the gap
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Figure-1: Measurement reporting by the UE before T expiry
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Figure-2: Measurement reporting by the UE after T expiry
For the measurement reporting, the UE may have to go through random access procedure depending on the UE “tune away” time and the configured time alignment timer.
It is our intention that the new continuous gap can be used not only for CSFB to UTRAN/GERAN, but also for CSFB to 1xRTT and even normal mobility (if the serving eNB considers it is beneficial, e.g. in dormant state). 
4. Conclusion
In this document we discussed potential drawback of the exiting inter-RAT measurements when they are used as part of CSFB procedure. It is proposed to define a multi-purpose continuous measurement gap in release-9. RAN2 could consult RAN4 as needed.  
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