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1
Introduction

The basic approach to provide a GSM NCL is to explicitly indicate the BCCH frequencies that the UE should measure (ARFCNs) and provide frequency specific information like BSIC and Band Indicator to enable the UE to report only valid cells. Such an approach is used in UMTS where a maximum of 32 GSM cells can be configured for measurement. A simple calculation assuming 32 GSM frequencies are indicated with BSIC (6 bits) and Band indicator (1 bit) provided per frequency (assuming ARFCN of size 10 bits) results in a GSM NCL size of 32*17, i.e. 544 bits [1]. 
In this paper, Vodafone proposes an approach to describe the GSM NCL which allows the operator to exploit knowledge of the cell planning strategy in order to optimise the size of this information, as proposed in [2], but still maintains the option for the operator to provide the explicit list of GSM frequencies similar to the legacy approach if required.  
2 Optimised GSM NCL
The ARFCN ranges from 0 to 1023 and can be coded in 10 bits. Let us assume that the maximum number of GSM frequencies is 32 as in UMTS. The first step is to divide the ARFCN space into 32 blocks. Each block is identified by a ‘start’ ARFCN value and all blocks are of size 32.


Figure 1: ARFCN Frequencies divided into 32 blocks.
The next step is to provide an indication of the planning pattern of the operator. Two patterns can be identified: a repetition pattern and an erratic pattern. The repetition pattern assumes that the BCCH frequencies are on ARFCN mod x where x can be 1 to 16 and can be represented with 4 bits. The UE makes use of x together with the start ARFCN to determine which ARFCNs are valid in the block of 32 values. 
In order to deal with the erratic pattern, a bit map of 32 bits per block is provided. Hence, this option can cover any operator deployment even though it can potentially lead to a NCL size greater than the legacy approach. 

Of course, there is no point in allowing the NCL size to become greater than the size of the legacy approach. In order to avoid such a situation and also provide the option for the operator to use the legacy approach if desired, the following format for the GSM NCL is proposed: 
Each block is identified by a start ARFCN and a network planning pattern. The presence of a network planning pattern implies that the start ARFCN should be treated at the start value of a range of 32 values and the absence of a network planning pattern means that start ARFCN is to be considered as one ARFCN. If the start ARFCN is to be treated as one value, additional frequency specific parameters are provided. If it is to be treated as start value of a range, the network planning pattern will have to be specified. 
Table 1 indicates a possible format of the GSM NCL which provides operators with the option of having an optimised list based on a network planning pattern or an alternative option of specifying an explicit list. 

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN carrier frequency list
	OP
	
	1..n
	n either represents the number of ranges or the number of GSM frequencies.
	

	>Start ARFCN
	MP
	
	<ref>
	ARFCN of BCCH carriers. Can represent the start of a range of BCCH frequencies. 
	

	>BSIC
	OP
	
	
	Only required if start ARFCN is not start of a range.
	

	>Band indicator
	OP
	
	
	Only required if start ARFCN is not start of a range.
	

	>CHOICE Pattern
	OP
	
	Enum (Repetition, Erratic)
	Indicates whether a repetition or a bitmap pattern is to be indicated
	

	    >>Repetition
	
	
	
	
	

	        >>>x
	MP
	
	Integer
	An integer 1 to 16
	

	    >>Erratic
	
	
	
	
	

	         >>>Bitmap
	MP
	
	<ref>
	Bitmap of 32 bits
	

	NCC permitted
	OP
	
	<ref>
	Only required if ranges are used. 
	


3 Examples of Configuration of Optimised NCL 
Example 1: BCCH frequencies span over two blocks with a repetition pattern of 2 

In this example, the BCCH frequencies are found in two blocks and for each block a repetition of 2 is indicated i.e. from start ARFCN every second ARFCN in the range is a BCCH frequency.

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN carrier frequency list
	OP
	
	1..n
	n =2
	

	>Start ARFCN
	MP
	
	<ref>
	10 bits per ARFCN
	

	>CHOICE Pattern
	OP
	
	Enum (Repetition, Erratic)
	Choice = repetition ( 1 bit)
	

	    >>Repetition
	
	
	
	
	

	        >>>x
	MP
	
	Integer
	A value of 2 is indicated (4 bits)
	

	NCC permitted
	
	
	
	8 bits for NCC permitted
	


Assume start ARFCN for block 1 = 0 and start ARFCN for block 2 = 96

The above description implies the following ARFCN values are indicated.
Block 1: 0,2,4,6,8,10,12,14,16,18,20,22,24,26,28,30, 
Block 2: 96,98,100,102,104,106,108,110,112,114,116,118,120,122,124,126

The number of bits required to indicate those BCCH frequencies = 2*(10+1+4) + 8 = 38 bits
Example 2: BCCH frequencies span over 16 blocks with a repetition pattern of 16 

In this example, the BCCH frequencies are found in 16 blocks and for each block a repetition of 16 is indicated i.e. from start ARFCN every 16th ARFCN in the range is a BCCH frequency.

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN carrier frequency list
	OP
	
	1..n
	n =16
	

	>Start ARFCN
	MP
	
	<ref>
	10 bits per ARFCN
	

	>CHOICE Pattern
	OP
	
	Enum (Repetition, Erratic)
	Choice = repetition ( 1 bit)
	

	    >>Repetition
	
	
	
	
	

	        >>>x
	MP
	
	Integer
	A value of 16 is indicated (4 bits)
	

	NCC permitted
	
	
	
	8 bits for NCC permitted
	

	
	
	
	
	
	

	
	
	
	
	
	


Assume start ARFCN for block 1 = 0, start ARFCN for block 2 = 32, ….start ARFCN for block 16 = 480.

The above description implies the following ARFCN values are indicated: 
Block 1: 0,16, Block 2: 32,48, ..., Block 16: 480,496

The number of bits required to indicate those BCCH frequencies = 16*(10+1+4) + 8 = 248 bits

Example 3: BCCH frequencies span over 3 blocks with an erratic allocation of BCCH frequencies

In this example, the BCCH frequencies are found in 3 blocks but the allocation of BCCH frequencies within the two blocks does not follow any pattern. In this case a bitmap of 32 bits is required for each block to correctly indicate the BCCH frequencies. 

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN carrier frequency list
	OP
	
	1..n
	n =3
	

	>Start ARFCN
	MP
	
	<ref>
	10 bits per ARFCN
	

	>CHOICE Pattern
	OP
	
	Enum (Repetition, Erratic)
	Choice = Erratic  ( 1 bit)
	

	    >>Erratic
	
	
	
	
	

	         >>>Bitmap
	MP
	
	<ref>
	Bitmap of 32 bits
	

	NCC permitted
	
	
	
	8 bits for NCC permitted
	


Assume start ARFCN of block 1 = 0, start ARFCN of block 2 = 32.

BITMAP 1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0


BITMAP 2

	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63

	1
	0
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0


BITMAP 3

	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	92
	93
	94
	95

	0
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0


Using the 3 Bitmaps the following frequencies are indicated: 
Block 1: 0,5,7,9,11,16,19,21,24,26
Block 2: 32,34,39,41,45,49,51,53,55,58,60,62
Block 3: 66,70,73,77,79,83,85,88,90,93
The number of bits required to indicate those BCCH frequencies = 3*(10+1+32) + 8 = 137 bits

The number of bits required increases with the number of ranges over which the BCCH frequencies span. Assuming that the NCL size for the legacy approach is 544 bits, this method is only viable if the BCCH frequencies can be indicated in 12 ranges. Beyond that, it is better to fall back to legacy approach of providing an explicit list. 
Example 4: Explicit indication of BCCH frequencies

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN carrier frequency list
	OP
	
	1..n
	n is 32 
	

	>Start ARFCN
	MP
	
	<ref>
	ARFCN of BCCH carriers. Represents one value. (10 bits)
	

	>BSIC
	OP
	
	
	Indicated (6 bits)
	

	>Band indicator
	OP
	
	
	Indicated (1 bit)
	


In this example, the absence of the pattern field indicates that the start ARFCN is to be treated as an absolute value and not as a start of a range of 32 values. Hence, the BCCH frequencies can be indicated with 544 bits. 

4
Summary

In this contribution, we provide a tabular description of the GSM NCL which allows for optimisation of the NCL size by exploiting knowledge of the operator deployment pattern. The approach described also allows the operator to provide an explicit list of BCCH frequencies if desired. The examples in this document indicate that a significant reduction in NCL can be achieved especially when BCCH frequencies are agglomerated within a few ranges and a well defined pattern is used by the operator.

RAN2 is requested to discuss and adopt this tabular format which gives operators the flexibility in having an optimised GSM NCL if so desired but at the same time makes it possible for operators to re-use the legacy approach if required. 
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