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1
Introduction
In order to handover from EUTRAN to WiMAX, EUTRAN Mobile Station (MS) must be able to measure certain attributes of the WiMaX cell before the handover decision is taken. In this contribution, the necessary measurements are identified and the EUTRAN measurement gap requirements for performing those measurements are discussed. It is assumed that the WiMaX air interface is based on OFDMA. In order to help the discussion, the typical measurement gaps configured for GSM measurements in UTRAN are indicated in the Annex. 
2 
Discussion
2.1 WiMAX Signal Quality Measurements

The following signal quality measurements can be made by a WiMAX MS to assist in the handover from serving WiMaX cell to a neighbour WiMAX cell [1]:

· Receive Signal Strength Indicator (RSSI).
· Carrier to Interference and Noise Ratio (CINR). 
The RSSI and CINR are signal quality measurements made from the downlink burst preamble. To take into account the variability of the channel propagation conditions, these measurements are made over a number of downlink burst preambles and the mean/ standard deviation calculated as described in [1].
The preamble duration can be one or two OFDMA symbols long (depending on whether a short or long preamble is used). In Table 1, the typical duration of the OFDMA symbol for different bandwidths is indicated based on the WiMAX Mobile System Profile Release 1.0 specification [2]. The method for calculating the OFDMA symbol duration is described in [3]. 
	Bandwidth

(MHz)
	CP length
	Sampling factor
	Sampling frequency (fp) /MHz
	FFT size
	Sub carrier spacing (f) /KHz
	Useful  symbol time/ms
	OFDMA symbol duration (including CP)/ms 

	3.5
	1/8 
	8/7
	4.0
	512
	7.8
	0.128
	0.144

	5
	1/8 
	28/25
	5.6
	512
	10.9
	0.091
	0.102

	7
	1/8 
	8/7
	8.0
	1024
	7.8
	0.128
	0.144

	8.75
	1/8 
	8/7
	10.0
	1024
	9.8
	0.102
	0.115

	10
	1/8 
	28/25
	11.2
	1024
	10.9
	0.091
	0.102


Table 1: OFDMA Symbol Duration for various Bandwidths.
It can be observed from Table 1 that the maximum duration of one symbol is 0.144 ms assuming a CP length of 1/8. In [2] the maximum possible CP length (even though not used in Release 1.0) is 1/4. If this value is assumed, the OFDMA symbol duration should not exceed 0.16 ms. If the possibility of having a long preamble is considered, the maximum possible preamble duration would be 0.32 ms. 
The OFDMA frame size indicated in [2] for Release 1.0 is 5ms. However, a range of OFDMA frame sizes is possible (e.g. 2ms, 2.5ms, 4ms, 8ms, 10ms, 12.5 ms, 20 ms). Figure 1 summarises the range of preamble duration and OFDMA frame size for WiMAX. 
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Figure 1: Range of preamble duration and OFDMA Frame size.
From the EUTRAN perspective, the minimum configurable measurement gap would be a slot of 0.5 ms or a subframe of 1ms [3]. For the rest of this document it is assumed that the minimum configurable measurement gap in EUTRAN is a subframe (1ms). 
2.2 Measurement Gap Configuration (Worst case design)
If a measurement gap of 1ms is configured, MS will only be able to detect the preamble provided the measurement gap coincides with the start of a preamble. Without signalling, it would not always be possible to achieve such synchronisation between EUTRAN measurement gap and start of WiMAX BS preamble. In Figure 2, the best case and worst case scenario for the measurement gap required so that EUTRAN MS can detect a WIMAX cell is illustrated. 
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Figure 2: Best and worst case scenario for timing of EUTRAN Measurement Gap to detect WiMAX BS and required gap to detect WiMAX BS in worst case scenario. 
It can be observed in Figure 2 that if an MS has just missed a WiMAX preamble, it has to wait for next occurrence of the preamble i.e. OFDMA frame size. Hence, Measurement gap to ensure that WiMAX BS is detected in one shot should be greater than OFDMA frame size. We conclude that the minimum measurement gap (MMG) to ensure that MS detects at least one preamble in one shot is as follows:

Minimum Measurement Gap (MMG) = (WiMAX OFDMA Frame size + max(Preamble Duration, EUTRAN subframe size)).
For a 5ms OFDMA frame size, a minimum gap of 6ms would be required. 
On the other hand, WiMAX also offers possibility of an OFDMA frame size as high as 20 ms. If there is a need to detect the WiMAX cell in one shot, the measurement gap would need to be 21 ms. For real time services like VoIP, such a high interruption period would be inappropriate as it will result in packet loss during the measurement gap period.
In UMTS, a measurement gap of about 56 ms would be required to make sure that GSM SCH burst is detected in one shot (worst case scenario where MS has just missed the FCCH). In order to avoid using such long gaps, a number of shorter measurement gaps (with maximum duration of 14 UMTS slots (corresponding to 8.80-9.06 ms idle gap length [4])) are configured as described in the Annex. 

In case of WiMAX cell detection, it seems that a similar concept of short measurement intervals would be required to reduce service interruption for real time services, especially for OFDMA frame sizes of more than 10 ms. In the following section, two proposals are made to reduce the measurement gap size for measuring WiMax cells.

2.3 Proposals for Reducing Measurement Gap size
The following proposals assume that the MS does not have any synchronisation information about the WiMaX cells it has to detect.
Proposal 1 (Alternate Measurement Gap location per radio frame)
eNB can allocate a measurement gap of say first 5 ms in one radio frame, then last 5ms in next radio frame. If this pattern is repeated, MS should be able to detect a WiMaX cell with ODFMA frame size of 20 ms within a period of 40 ms instead of 21ms (if a continuous gap was allocated). Figure 3 illustrates the concept. Of course this concept can be generalised for smaller measurement gaps.  The smaller the measurement gap the longer it might take for MS to detect WiMaX preamble. 
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Figure 3: Illustration of Alternate Measurement Gap Concept.

Pros

· Small measurement gaps can be configured to avoid service interruption

· The deterministic allocation can ensure that WiMAX preamble is detected within a certain time
Cons

· The smaller the measurement gap configured, the longer the time to ensure WiMaX preamble has been detected.

· Since pattern of allocation is rigid, it might only be possible to always detect one preamble only within a period of say 40ms (for the example above) even though two WiMaX preambles have been sent. 

· There is a possibility that WiMax preamble timing coincide with transition timing for alternate gaps. In this case the WiMaX preambles might never be detected. To avoid this situation, overlapping gaps might be required.

Proposal 2 (Randomisation of Measurement Gaps start time)

eNB can also randomise the allocation of gaps for WiMaX measurements. eNB can assign small measurement gaps at random offsets from the start of a radio frame and hope that MS can detect the WiMAX cell in the allocated gap. For example, instead of allocating a continuous measurement gap of 21 ms, eNB can make a random allocation of say 5ms or 2.5ms measurement gaps. Figure 4 illustrates this approach. 
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Figure 4: Random allocation of measurement gaps.

Pros

· Small measurement gaps can be assigned which would not adversely affect real time services.
· Since allocation is random, there is possibility to detect successive WiMaX preambles. 

· There is no risk of having a deadlock situation where WiMaX preambles always coincide with start/end of a measurement gap. 
Cons

· The detection of a WiMaX cell may span over a longer period of time.
· It is not guaranteed that WiMaX preamble will be detected within a certain time period unlike the deterministic allocation (proposal 1). 
4
Conclusions

In this contribution, the requirements for WiMAX measurements in EUTRAN are discussed. The following conclusions can be reached:
· If a worse case scenario approach is used, a Minimum Measurement Gap (MMG) of (WiMAX OFDMA frame size + max(Preamble duration,EUTRAN Subframe size)) would be required to ensure that WiMAX BS is detected. 
· If the possibility of having a WiMaX ODFMA frame size of 20 ms is assumed, the worst case scenario approach would require a measurement gap of 21 ms to ensure that a WiMaX cell is detected. Such a wide gap will cause unacceptable service interruption for real time services. If eNB does not have any prior synchronisation information about neighbour WiMax cells, methods for reducing the measurement gap size have to be investigated.  
· A deterministic and random approach to measurement gap allocation for WiMaX measurements in EUTRAN have been discussed. 

RAN 2 is requested to take these conclusions into account when discussing measurement gap requirements for WiMAX in EUTRAN and discuss further the alternatives to reduce measurement gap size to cater for possibility of large OFDMA frame sizes. 
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Annex
Overview of GSM Measurements in UTRAN
Figure 5 shows the GSM multi-frame structure [5]. Measurements of a GSM carrier consist of decoding the BSIC from a synchronisation (SCH) burst and the actual received signal level measurement. The maximum time required for BSIC decoding is 12 GSM TDMA frames (4.615 ms each). This assumes that the SCH burst cannot be directly searched without the FCCH burst being detected [6].  
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Figure 5: GSM Multiframe Structure and Worst case gap configuration.
According to [6], a single received signal level sample should be possible within two GSM time slots (1.15 ms). 
In Table 2, the configurable measurement gaps (in slots) are indicated together with the corresponding idle gap length (in ms) as well as the expected number of GSM RSSI measurements per gap [4, 7].

	TGL
	Idle gap length (ms)
	Number of GSM carrier RSSI samples in each gap.

	3
	1.47-1.73
	1

	4
	2.13-2.39
	2

	5
	2.80-3.06
	3

	7
	4.13-4.39
	6

	10
	6.13-6.39
	10

	14
	8.80-9.06
	15


Table 2: Configurable Measurement Gaps for GSM RSSI Measurements [4,7]

In Table 3, typical measurement gap patterns for GSM RSSI/initial BSIC Identification and BSIC reconfirmation are indicated [8].

	
	Measurement
	TGSN
(slots)
	TGL1
(slots)
	TGL2
(slots)
	TGD
(slots)
	TGPL1 /frames

	Single /Multiple Compressed Mode Pattern
	GSM RSSI
	4
	7
	-
	-
	12

	
	Initial BSIC Identification
	4
	7
	-
	-
	8

	
	BSIC Reconfirmation 
	4
	7
	-
	-
	8

	Inter-Frequency &GSM Measurements
	GSM RSSI
	8
	14
	14
	60
	24

	
	Initial BSIC Identification
	8
	14
	14
	45
	24

	
	BSIC Reconfirmation 
	8
	14
	14
	0
	24


Table 3: Compressed Mode Transmission Gap patterns for GSM Measurements in UTRAN [7]
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