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An Enhanced Cell Scanning method 
Kiran Thakare, Sten Sjoberg 
Ericsson AB Sweden
1. Introduction
In this contribution, we identify the existing limitation of the cell scanning method. We propose to overcome this limitation and enhance the MS scanning method.  We propose this enhancement to be discussed and be adopted by the working group.  The solution proposed provides for faster scanning of base stations, reduces MS battery consumption, reduces radio resource overhead and reduces time needed for the MS to lock on to the BS.

2. Background 
When a user terminal (MS) wants to join the WiMAX network [2], it follows the network entry procedures as specified in [1].  During the network entry/ cell reselection process, MS scans the possible channels of the DL frequency band of operation in the defined frequency list.  On finding a DL channel, MS then acquires the preamble and synchronizes with BS. The MS then reads and decodes the DL and UL MAP which is further followed by DCD, UCD information.  Downlink Channel Descriptor (DCD) and UL Channel Descriptor (UCD) are used to broadcast the DL/UL system information periodically.  This is shown in the figure 1.  
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3. Problem Statement

Reference [2] specifies the maximum value of the time between two consecutive DCD/UCD messages as 10s.  
The IEEE specification [1] defines a broadcast control pointer IE (DL MAP IE) which includes DCD/UCD transmission offset to be around 2.5s.  

During a network entry MS must, sequentially scan large number of base stations.  Each requiring MS to lock to BS up to 10s or more to fully receive and decode DCD/UCD, if broadcast control pointer IE is not included.  Thus acquiring the system information on DCD/UCDs of each BS may take too long time for MS.    
The existing standard [1] includes the 7 bit DCD_UCD Transmission Frame in a broadcast control pointer IE, that is defined for a paging cycle of 2.5 seconds to avail the sleeping mode MS and Idle mode MS [1].   

The Network is not required to implement this IE.  If the broadcast control pointer IE is included, then the MS entering the network as per the network entry procedure defined in section 6.3.9 of reference [1], upon decoding the DL MAP may ignore the broadcast pointer IE as its use for MS entering a NW is not defined.  Thus MS behavior needs specifying in order to benefit from this IE.  

If this IE is not included then the MS has to lock to the BS to read the DCD/UCD up to maximum 10s [2].  Thus in both the cases MS locks indefinitely to the current BS waiting for DCD/UCD to arrive, resulting in increase battery consumption at the MS and increasing the total scanning duration. 

Additionally, the DCD_UCD Transmission Frame 7 bit field, in a broadcast control pointer IE is not adequate to cover the DCD/UCD interval beyond 2.5s as identified in [2].   

The broadcast control pointer IE is transmitted using the extended DL-MAP IE. This requires 24 extra bits to be sent including the (DCD_UCD Transmission Frame) DCD/UCD offset in each DL-MAP message, introducing significant amount of overhead.  This overhead can be completely eliminated.
Thus a number of problems exist for the existing solution based on the broadcast control pointer IE.  These are as follows:

1. Transmission of broadcast control pointer IE is not mandated on the network side 

2. Terminal behavior during network entry not specified 

a. Battery consumption 

b. Large cell scanning duration

3. Significant overhead

4. Only 7 bits of the frame number used.

We propose an FCH based solution as an improvement.   
4. Proposal 

The FCH based proposal overcomes the above identified limitations and provides a flexible solution with the following benefits

1. Improvement of the system performance without having to increase the periodicity of the broadcast information.

2. Reduces the acquisition time of DCD/UCD broadcast information 
3. Reduces MS battery consumption by allowing MS to sleep
4. Eliminates the system overhead, as the exiting  4 reserved bits of FCH is used
5. Covers the DCD/UCD interval range from 0ms to 10s required for various deployment scenarios.  
To reduce the network acquisition time, we propose to include DCD-UCD-offset in FCH field.  The DCD-UCD-offset is the offset in ms from the current time to the next DCD/UCD arrival.  Reading this offset MS knows when the DCD/UCD broadcast information will arrive and takes appropriate actions.  
Depending upon this offset value, an MS entering the network need not lock to the BS indefinitely for DCD/UCD to arrive.  While waiting for the DCD/UCD message, MS may scan other BSs during this offset value.  The MS can choose to return to the previously read BS at a time when the DCD/UCD message is expected to arrive.  Additionally the MS can choose to sleep for an offset duration and wake up just in time to read the DCD/UCD information.  Depending upon the offset value, MS in active mode may scan other BS during this interval or continue receiving from its serving BS.
For example if DCD-frame-offset value is large (e.g., 10s) then the MS can chose to scan other BSs or sleep for a determined time (based on offset value).  If the DCD is expected soon (e.g. a few frames later), then the MS may continue receiving from the current BS until the DCD message arrives or may take a nap and wake up on time to read DCD/UCD.  Thus, the waiting duration is considerably reduced resulting in lower scanning duration and saving MS battery consumption. 
4.1  Proposed solution: FCH Structure
The proposed solution uses the 4 reserved bits of the DLFP as, shown in table 3
	Syntax
	Size (Bits) 
	Notes 

	DLFP() {
	
	

	Used Sub-channel Bitmap
	6
	

	reserved
	1
	

	Repetition Coding Indication
	2
	

	Coding Indication
	3
	

	DL MAP Length
	8
	

	DCD-UCD  offset
	4 
	


Table 1: showing the modified FCH/DLFP.  

The DCD-UCD- offset can be represented as 4 bits, representing the values as defined in Table 2 below.  
	Field value for 4 reserved bits (decimal)
	Description

	0
	Used for Reference WirelessMAN OFDMA systems to indicate current default.

	1
	Indicates DCD/UCD arrival between 0 to 40ms 

	2-15
	n=2 through 15 refer to the interval floor ((1880/32738)*2^(n-1) + (258144/32738)*(n-1)) to floor((1880/32738)*2^(n) + (258144/32738)*(n)) frames.  

For example value n = 2 indicates DCD/UCD arrival interval between 40ms to 80ms and value 15 indication an interval between 5.2s to 10s


Table 2: Mapping of the reserved bits in the FCH to an expected duration for reception of the DCD/UCD message
6 Text Proposal 
1. Add the following text to the section 6.3.9 of P802.16Rev2/D4, on page 306 line 13
The DCD-UCD-offset/ DCD_UCD Transmission Frame is the offset in time /frame from the current time to the next DCD/UCD arrival. Depending upon this offset value, MS entering the network need not lock to the BS indefinitely for DCD/UCD to arrive.  While waiting for the DCD/UCD message, MS may scan other BSs during this offset value.   The MS can choose to return to the previously read BS at a time when the DCD/UCD message is expected to arrive.  Additionally the MS can choose to sleep for an offset duration and wake up just in time to read the DCD/UCD information.  Depending upon the offset value, MS in active mode may scan other BS during this interval or continue receiving from its serving BS.  The MS in sleeping mode, idle mode may use this offset duration.
2. Modify the second Reserved Field of Table 312 on page 698 with the DCD-UCD-offset field of Table 1 above.
3. Add the following text on page 699, at line 6 
DCD-UCD-offset:

Depending upon this offset value, MS entering the network need not lock to the BS indefinitely for DCD/UCD to arrive.  While waiting for the DCD/UCD message, MS may scan other BSs during this offset value.   The MS can choose to return to the previously read BS at a time when the DCD/UCD message is expected to arrive.  Additionally the MS can choose to sleep for an offset duration and wake up just in time to read the DCD/UCD information. The MS in sleeping mode, idle mode may use this offset duration.
4. Add the Table 2 after the above text.  
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