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1
Introduction

At RAN2#60bis, it was agreed that an optimisation of the GSM NCL is required. In this contribution, a proposal to optimise the GSM NCL is described. 
2 Current coding of GSM NCL in SIB 7
The current coding of the GSM NCL in SIB 7 [1] provides an explicit list of all neighbour GSM frequencies similar to UMTS and associated cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.

	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN cell re-selection parameters
	
	
	
	
	

	>Cell re-selection priority
	OP
	
	Integer (0..7)
	Absolute priority of the RAT (0 means= highest priority).

FFS if priority should be per frequency
	

	>GSM/ GERAN carrier frequency list
	OP
	1..n
	
	It is FFS if other frequency specific information may be provided, e.g. "NCC permitted" for country borders
	

	>>Carrier frequency
	MP
	
	<ref>
	ARFCN of BCCH carriers
	

	>>Band indicator
	MP
	
	Enumerated (DCS 1800, PCS 1900)
	Indicates how to interpret the ARFCN of BCCH carriers
	

	>>Qrxlevmin
	MP
	
	Integer (-119..-56 by step of 2)
	[dBm]
	

	>>Threshx,high 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm]
	

	>>Threshx,low 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm]
	

	>>Qoffset_frequency
	MD
	
	Integer (-30..30 by step of 2)
	Default value is 0

[dB]
	


Table 1: Current Coding of GSM NCL in SIB 7 [1]
2.1 NCL size with explicit Indication

Table 2 indicates the assumed size (in bits) of the parameters indicated per BCCH frequency in Table 1.

	Carrier frequency
	10

	Band indicator
	1

	Qrxlevmin
	6

	Threshx,high 
	6

	Threshx,low 
	6

	Qoffset_frequency
	6


Table 2: size of parameters indicated per BCCH frequency
If we assume a maximum of 32 cells, NCL size = 32*(10+1+6+6+6+6) = 1120 bits.

3. Optimisation of Carrier Frequency Indication only
In TS 44.060 [2], a coding for GSM NCL is described based on a start frequency and frequency difference which exploits the use of a certain planning pattern by the operator. Table 3 is a proposal based on the coding in TS 44.060 where the indication of the carrier frequency is optimised. The structure in the table also takes into account the need by some operators to have an explicit list as provided by current description in Table 1.  
	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN cell re-selection parameters
	
	
	
	
	

	>Cell re-selection priority
	OP
	
	Integer (0..7)
	Absolute priority of the RAT (0 means= highest priority).

FFS if priority should be per frequency
	

	>GSM/ GERAN frequency list
	OP
	
	1..n
	It is FFS if other frequency specific information may be provided, e.g. "NCC permitted" for country borders.

Note: n can either represent the number of frequency ranges or number of absolute frequencies.
	

	>>Start frequency
	MP
	
	<ref>
	Start ARFCN of BCCH carrier list (10 bits)
	

	>>Num_remaining frequencies
	OP
	
	
	Indicates the number of remaining frequencies in the list including the start frequency (5 bits)
	

	>>Frequency Difference
	OP
	
	
	Indicates the step size from one BCCH carrier to another (3 bits)
	

	>>Compact parameter list
	
	
	1..NF
	NF = (Num_remaining frequencies+1) if IE is present. Default value = 1
	

	>>>Band indicator
	MP
	
	Enumerated (DCS 1800, PCS 1900)
	Indicates how to interpret the ARFCN of BCCH carriers (1)
	

	>>>Qrxlevmin
	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Threshx,high 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Threshx,low 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Qoffset_frequency
	MD
	
	Integer (-30..30 by step of 2)
	Default value is 0 (6)

[dB]
	


Table 3: Proposal to optimise GSM NCL based on Frequency Range Indication
 3.1 Fall back to Explicit Configuration
To fall back to an explicit configuration as in Table 1, n is set to number of BCCH frequencies to be indicated and IEs ‘Num_ remaining frequencies’ and ‘frequency difference’ are omitted. The default value of NF in the compact parameter list is 1 and this value is overridden by the value indicated by Num_frequencies IE when present.
 3.2 Scenario 1: All BCCH frequencies are in one continuous range 
Let’s assume that the BCCH range for a given NCL is 1,3,5,7…,63.

Table 4 Indicates how this NCL can be coded using the proposed NCL coding.
	>GSM/ GERAN frequency list
	OP
	
	1..n
	n= 1


	>>Start frequency
	MP
	
	
	Start frequency = 1 (10 bits)

	>>Num_remaining frequencies
	OP
	
	
	Number of remaining frequencies=31 (5 bits)

	>>Frequency Difference
	OP
	
	
	Frequency difference = 2 (3 bits)

	>>Compact parameter list
	
	
	1..NF
	NF = (Num_remaining frequencies+1) if IE is present. Default value = 1  (32*25)


Total size = 10+5+3 + 32*(1+6+6+6+6)

               = 818 bits

With this coding, a saving of 302 bits is achieved. 
 3.3 Scenario 2: Two BCCH frequency lists

Let’s assume the BCCH frequencies are contained in two ranges:

 List 1: 1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31
 List 2: 16,20,24,28,32,36,40,44,48,52,56,60,64,68,72,76

Table 5 Indicates how this NCL can be coded using the proposed NCL coding.
	>GSM/ GERAN frequency list
	OP
	
	1..n
	n= 2


	>>Start frequency
	MP
	
	
	Start frequency = 1 (10 bits)

	>>Num_remaining frequencies
	OP
	
	
	Number of remaining frequencies=31 (5 bits)

	>>Frequency Difference
	OP
	
	
	Frequency difference = 2 (3 bits)

	>>Compact parameter list
	
	
	1..NF
	NF = (Num_remaining frequencies+1) if IE is present. Default value = 1  (32*25)


Table 5: Parameters for Scenario 2
n = 1

start frequency =1 

Frequency difference = 2

Num_Remaining frequencies =  15

  Total size = 10+5+3 + 16*(1+6+6+6+6)

               = 418 bits

n = 2 

start frequency =16 

Frequency difference = 4

Num_Remaining frequencies = 15

total size = 10+5+3 + 16*(1+6+6+6+6)

               = 418 bits

Total size = 418*2 = 836 bits
In this case we have a saving of 284 bits.
4. Further Optimisations 
Generally, the band indicator would be the same per frequency range and hence can be moved out of the compact parameter list as indicated in Table 6.
NCL size with band indicator indicated per range of frequencies can result in a further saving of up to 31 bits.
	Name
	Need
	Multi
	Type/ reference
	Semantics description
	Ver

	GSM/ GERAN cell re-selection parameters
	
	
	
	
	

	>Cell re-selection priority
	OP
	
	Integer (0..7)
	Absolute priority of the RAT (0 means= highest priority).

FFS if priority should be per frequency
	

	>GSM/ GERAN frequency list
	OP
	
	1..n
	It is FFS if other frequency specific information may be provided, e.g. "NCC permitted" for country borders.


	

	>>Start frequency
	MP
	
	<ref>
	Start ARFCN of BCCH carrier list (10 bits)
	

	>>Num_remaining frequencies
	OP
	
	
	Indicates the number of remaining frequencies in the list including the start frequency (5 bits)
	

	>>Frequency Difference
	OP
	
	
	Indicates the step size from one BCCH carrier to another (3 bits)
	

	>>>Band indicator
	MP
	
	Enumerated (DCS 1800, PCS 1900)
	Indicates how to interpret the ARFCN of BCCH carriers (1)
	

	>>Compact parameter list
	
	
	1..NF
	NF = (Num-Frequencies+1) if IE is present. Default value = 1
	

	>>>Qrxlevmin
	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Threshx,high 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Threshx,low 


	MP
	
	Integer (-119..-56 by step of 2)
	[dBm] (6)
	

	>>>Qoffset_frequency
	MD
	
	Integer (-30..30 by step of 2)
	Default value is 0 (6)

[dB]
	


Table 6: Band Indicator per range of frequencies rather than per frequency
There is also the possibility that at least Qrxlevmin, threshx,high and threshx,low might be the same at least within a frequency range. Hence a more efficient coding of the cell reselection parameters can be used. 
One possible coding is provided in Table 7
According to this coding, if all three parameters (Qrxlevmin,Threshx,high, Threshx,low) are same as for previous frequency in list, a special character or value is used to indicate this e.g. this value can be one which is out of range of Qrxlevmin. 
	List index
	Qrxlevmin
	Threshx,high
	Threshx,low
	Qoffset_frequency

	1
	******
	******
	******
	******

	2
	Special value (out of range of Qrxlevmin) to indicate that the three parameters are same as for previous frequency e.g. 127
	Not provided

Value set to one for previous frequency
	Not provided

Value set to one for previous frequency
	******

	3
	111111
	Not provided
	Not provided
	******

	4
	******
	******
	******
	******

	5
	111111
	Not provided
	Not provided
	******


Table 7: Further optimisation of GSM NCL
Using this special coding, for one list of 32 cells and assuming all values of Qrxlevemin, Threshx,high and Threshx,low are the same we get an NCL size as follows:
NCL size = 10+5+3+1 + 6*4 + 31*(6+6) =  415 bits.

This represents a significant reduction of the NCL size. 
Summary
In this contribution, a number of proposals are made to optimise the GSM NCL in SIB 7.

As a first level of optimisation, the BCCH frequencies are indicated using a start frequency and a frequency difference value for each frequency range. This can lead to a potential saving of up to 302 bits.

As a second level of optimisation, it is proposed that the band indicator is provided per range rather than per frequency. This can lead to a further saving of up to 31 bits.
If cell reselection parameters are similar for several frequencies per frequency range, a further optimisation can lead to a potential saving of  up to 705 bits.

RAN 2 is kindly requested to discuss those proposals and agree and the level of optimisation  possible for the GSM NCL.
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