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1 Introduction
In RAN4 #44bis meeting, based on the discussion on [1], it was felt in RAN4 that following measurement gap pattern may be suitable for mobility measurements between LTE and Mobile WiMAX:
· Gap length = 8ms
· Repetition period = multiple of 10 ms
However, RAN4 is still investigating whether the measurement gap length can be reduced further to get better performance and system trade-off.
In this document we give some further analysis on the gap pattern for LTE inter-RAT monitoring on Mobile WiMAX system to see whether the 8 ms gap length could be reduced or not.

2 Discussion

In [1], it was indicated that the following procedures should be taken into account to design the gap pattern needed to support the mobility between LTE and WiMAX:
· MS detects center frequency (available frequency set is pre-defined in WiMAX system profile)

· MS detects DL preamble

· MS decodes FCH (Frame Control Header)
· MS decodes DL-MAP message (DL-MAP contains full (48 bits) or partial BS ID (16 bits) depending on DL-MAP type)
Then according to the calculation in [1], we can design the gap pattern as below:
· Gap length = 8ms
· Repetition period = multiple of 10 ms
To investigate whether more optimized gap pattern can be designed for mobility measurements between LTE and Mobile WiMAX, we need further consider following 2 aspects:

Whether decoding FCH and decoding DL-MAP can be skipped during the mobility measurements between LTE and WiMAX:
According to WiMAX standard [2, 3], there are totally 114 preamble sequences, which is designed to cover 19 cells (two tiers) with 6 sectors/cell. BS can have a mapping relation between the 114 preamble sequences and 114 neighboring sectors/cells. However, for some special cell deployment scenarios, there may be the case that a UE may report the measurement results of a cell which is not one of the 114 neighboring cells. So when UE reports the measurement results only indexed by the preamble sequences, BS may misunderstand the measurement report that the measurements are performed on another neighboring cell.

To avoid this, in Mobile WiMAX following signalling procedures has been designed for inter-frequency WiMAX handover:
· BS sends MOB_NBR-ADV message to MS:


In this message, BS will inform a preamble sequence list to let MS know which preamble sequences it needs to detect.
·  MS sends MOB_SCN-REQ message to BS

    
In this message, MS will send the decoded BS ID list to BS relative to the indicated preamble list in MOB_NBR-ADV message. So BS will get the mapping relation between the BS ID’s and preamble sequence ID’s.

· BS sends MOB_SCN-RSP message to MS

    
In this message, BS will confirm the mapping relation between the BS ID’s and preamble sequence ID’s.

· Then UE will send the measurement report in the message MOB_MSHO-REQ message which contains lists of:

- Preamble ID (8 bits)

- CINR measurement

So with the above procedures, both BS and MS can set up the mapping relation between the BS ID’s and preamble sequence ID’s. And even in some special cell deployment scenario there will be no confusions for BS when MS reports the measurement results indexed by preamble ID’s.
For intra WiMAX mobility measurements, we can see from the above procedures that decoding DL-MAP is needed to get the BS ID. Then come back to inter-RAT measurements on WiMAX from LTE, if we cannot guarantee 114 DL preamble sequences are enough to differentiate neighboring cells in all the applicable WiMAX cell deployment scenarios, the procedure of decoding DL-MAP for getting BS ID can not be skipped either.
Therefore, based on the above considerations we still think decoding FCH and decoding DL-MAP message is needed for the inter-RAT measurement on WiMAX from LTE.
Whether it is too pessimistic that the scheduled gap should cover the DL-MAP message with the length of 18 OFDM symbols:
In order to design the gap pattern, we need to calculate the possible length of the DL message since the scheduled gap should cover the DL-MAP message according to the above procedures.

According to the WiMAX standard, FCH contains a field indicating the length DL-MAP message. This indicating filed contains 8 bits to indicate the number of slots which will be used by DL-MAP message, so the maximum number of slots which will be occupied by DL-MAP message is 28 = 256 slots. Considering in WiMAX, 2 OFDM symbols can have 30 slots, so the maximum number of OFDM symbols occupied by DL-MAP message length Nmax can be calculated as below:
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Nmax = 18 is the maximum number of OFDM symbols and practically the length of DL-MAP message would not be so much as 18 OFDM symbols long. However, to design the gap pattern for WiMAX measurement we have to keep consistent with the specification. Currently, there is no explicit limitation of DL-MAP length in either IEEE 802.16 specifications or WiMAX profiles, so it would be safe to design a gap pattern to cover the worst case that Nmax = 18.

So we still think that the scheduled gap should cover the DL-MAP message with the length of 18 OFDM symbols.

In Mobile WiMAX, preamble occupies one OFDM symbol and the number of OFDM symbols for DL-MAP message transmission is 18 at the maximum. In Table A.1 of Annex A [4], we can see the OFDM symbol duration is 0.10286 ms. If the time duration of a head part of frame which contains consecutive preamble, FCH and DL-MAP is T_read, we can calculate T_read as below:

T_read = 19*0.10286 = 1.95434 ms

Then the gap pattern which could cover a whole head part containing consecutive preamble, FCH and DL-MAP at any start offset can be give as below:

· Gap length = Frame time duration + T_read +Tmargin = 5ms + 1.95434ms + Tmargin = 6.95424ms + Tmargin -> 8ms 

· Repetition period = multiple of 10 ms
It should be noted that in the above gap pattern, Tmargin is more than 1 ms which is safe for retuning for LTE carrier to and from WiMAX carrier.
3 Conclusions
This paper gives some further considerations on the design of LTE FDD inter-RAT monitoring gap for WiMAX system measurements. Based on such considerations, at the current stage we believe 8 ms gap length is the suitable gap length for the measurement on WiMAX from LTE FDD, so we propose to keep the agreements in last RAN4 meeting. In work item phase, based on different system performance tradeoffs the gap pattern design can be revisited if needed.
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Annex A: 
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Figure A.1 Example of OFDMA frame of Mobile WiMAX system

Table A.1: Reference physical layer parameters
	Parameter
	Value
	Description

	Duplexing mode
	TDD
	

	Frame length
	5ms
	

	Bandwidth
	10 MHz
	

	FFT length
	1024
	

	Sampling frequency 
	11.2 MHz
	

	Subcarrier spacing 
	10.9375 kHz
	Sampling frequency / FFT length

	CP length 
	1/8
	 

	OFDMA symbol duration without CP 
	91.43 (s
	1/Subcarrier spacing

	OFDMA symbol duration with CP
	102.86 (s
	

	Number of OFDMA symbols in frame
	47
	

	Number of OFDMA symbols in DL
	N=29
	 

	Number of OFDMA symbols in UL
	M=18
	

	Physical slot (PS)
	0.3571 (s
	Basic time allocation unit

4/Sampling frequency

	TTG
	296 PS = 105.7 (s
	

	RTG
	168 PS = 59.99 (s
	

	DL subcarrier allocation
	PUSC
	

	UL subcarrier allocation
	PUSC
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