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ARFCN definition for T-GSM 810

1 Introduction

With the introduction of new frequency bands in successive specification releases, the ARFCN (absolute radio frequency channel number) values have become an ever scarcer resource. Only 1024 ARFCN values are available in GERAN, and currently nearly all of them are already allocated in a static fashion to the frequency bands that have been defined in the specifications. In order to address the problem of the shortage of ARFCNs, Dynamic ARFCN mapping has been introduced in Rel-4 of the GERAN specifications [1].

All the bands currently defined in TS 51.010-1 use static ARFCN mapping. However, CRs have been presented at this meeting for the introduction in TS 51.010 of testing requirements for mobiles operating in the T-GSM 810 band [2]
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[6]. For this band only Dynamic ARFCN mapping can be used, as no fixed allocation of ARFCNs has been defined. The present document discusses the ARFCN values to be used for testing in the T-GSM 810 band and the mechanisms to provide them to a mobile under test.

A similar analysis of the impacts deriving from the use of dynamic ARFCN mapping for GSM 710 had already been presented in [7].

2 Dynamic ARFCN mapping

Dynamic ARFCN mapping is defined in TS 45.005. Its purpose is – for certain bands – to define dynamically the ARFCN values corresponding to the set of carrier frequencies for that band. If we call Fl(n) the frequency value of the carrier ARFCN n in the lower (uplink) band, and Fu(n) the corresponding frequency value in the upper (downlink) band, we have for the dynamically mapped ARFCNs:

	T-GSM 380
	Fl(n) = 380.2 + 0.2*(n-x+y)
	x ( n ( x+z
	Fu(n)=Fl(n) + 10

	T-GSM 410
	Fl(n) = 410.2 + 0.2*(n-x+y)
	x ( n ( x+z
	Fu(n)=Fl(n) + 10

	T-GSM 810
	Fl(n) = 806.2 + 0.2*(n-x+y)
	x ( n ( x+z
	Fu(n)=Fl(n) + 45

	T-GSM 900
	Fl(n) = 870.4 + 0.2*(n-x+y)
	x ( n ( x+z
	Fu(n)=Fl(n) + 45

	GSM 710
	Fl(n) = 698.2 + 0.2*(n-x+y)
	x ( n ( x+z 
	Fu(n) = Fl(n) + 30

	GSM 750
	Fl(n) = 747.2 + 0.2*(n-x+y)
	x ( n ( x+z 
	Fu(n) = Fl(n) + 30

	DCS 1 800
	Fl(n) = 1710.2 + 0.2*(n-x+y)
	x ( n ( x+z 
	Fu(n) = Fl(n) + 95

	PCS 1 900
	FI(n) = 1850.2 + 0.2*(n-x+y)
	x ( n ( x+z 
	Fu(n) = FI(n) + 80


where the applicable band is indicated by the GSM_Band parameter, x = ARFCN_FIRST, y = BAND_OFFSET and z = ARFCN_RANGE. These parameters are defined in TS 44.018 as follows:

	Dynamic ARFCN Mapping parameters description:

GSM_Band (4 bit field)
This field indicates the band applicable for the parameters in this structure.

Bits 4 – 1
4
3
2
1
0
0
0
0
GSM 750
0
0
0
1
DCS 1800
0
0
1
0
PCS 1900
0
0
1
1
GSM T 380
0
1
0
0
GSM T 410
0
1
0
1
GSM T 900
0
1
1
0
GSM 710
0
1
1
1
GSM T 810


All other values are reserved for future use and shall not be interpreted as an error.

ARFCN_FIRST (10 bit field)

This parameter indicates the first ARFCN number for dynamic ARFCN mapping.

BAND_OFFSET (10 bit field)

This parameter indicates the first carrier, on the band concerned, for dynamic ARFCN mapping.

ARFCN_RANGE (7 bit field)

This parameter indicates the number of ARFCNs allocated, subsequent to ARFCN_FIRST.

The use of the parameters GSM_Band, ARFCN_FIRST, BAND_OFFSET and ARFCN_RANGE is described in 3GPP TS 45.005.

If the mobile station receives more than 8 DYNAMIC_ARFCN_MAPPING structures, it shall store at least the 8 first structures in the order of occurrence, starting with the SI14 instance with the lowest index number.

NOTE:
For important guidelines on Dynamic ARFCN mapping, see Annex "Guidance on the Usage of Dynamic ARFCN Mapping" in 3GPP TS 45.005.


The following System Information and Packet System Information messages has been defined or modified to support Dynamic ARFCN mapping:

· System Information Type 14: This message is sent optionally on the SACCH by the network to mobile stations within the cell giving information on dynamic ARFCN mapping.

· System Information Type 15: This message is sent optionally on the BCCH by the network to all mobile stations within the cell giving information about dynamic ARFCN mapping.

· Packet System Information Type 8: This message is optionally sent by the network on the PBCCH and PACCH giving information about Cell Broadcast Channel configuration and Dynamic ARFCN Mapping.

The information contained in these messages consists of a set of Dynamic Mappings (DM), each made up of the four parameters described above:


{ < GSM_Band : bit (4) >


  < ARFCN_FIRST : bit (10) >


  < BAND_OFFSET: bit (10) >


  < ARFCN_RANGE : bit (7) > ; }

The network can transmit several DMs in the System Information; up to 8 DMs can be stored by a mobile station.

3 ARFCNs for T-GSM 810

In order to introduce the testing requirements for T-GSM 810 in TS 51.010-1, among other things, a set of frequencies need to be defined for performance testing under hopping conditions. Given that the T-GSM 810 band is 15 MHz wide, 74 ARFCNs are required.

Figure 1 shows the ARFCN that have been allocated in a static fashion to the different bands in TS 45.005:
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Figure 1
From Figure 1 we can see that there are two ranges of ARFCNs which are currently unused:

· 341-437 (97 values)

· 886-954 (69 values

If the 74 ARFCNs required are chosen from the first range above, their values can be chosen in such a way that they do not overlap with any of the static ARFCNs allocated to the other bands
.
Given that the T-GSM 810 band is 15 MHz wide just like the GSM 750 band, it is proposed to define the spacings between the hopping frequencies to be the same as the ones defined for GSM 750. Assuming for example that ARFCN_FIRST is set equal to 351, and the value of BAND_OFFSET is set equal to 0, the following values for the ARFCNs are derived:

	T-GSM 810
	357, 360, 363, 364, 368, 370, 372, 376, 377, 380, 384, 388, 392, 395, 396, 399, 402, 403, 407, 409, 411, 415, 416, 418


These are the values of the ARFCNs that are proposed in [2][2]. It is worth noting that the CR in  should be revised to indicate the value of ARFCN_FIRST that has been chosen. This particular reference value can be used throughout the specification; for example, in subclause 3.6.1 it has been used to derive the ARFCN values for the Low, Middle and High ranges (see Table 3.4 of TS 51.010-1):

Table 3.4 (of TS 51.010-1)

	Term
	GSM 450
	GSM 480
	PCS 1 900
	GSM 750
	GSM 850
	T-GSM 810

	Low ARFCN range
	259 to 261 
	306 to 308
	513 to 523
	438 to 452
	128 to 132
	351 to 355

	Mid ARFCN range
	275 to 277 
	322 to 324
	650 to 670
	472 to 474
	188 to 192
	385 to 389

	High ARFCN range
	291 to 293
	338 to 340
	799 to 809
	507 to 511
	247 to 251
	420 to 424


A possible alternative could be to leave ARFCN_FIRST unspecified, and define the ARFCNs relative to the particular value chosen for this parameter as follows:

	T-GSM 810
	ARFCN_FIRST+6, ARFCN_FIRST+9, ARFCN_FIRST+12, ARFCN_FIRST+13, ARFCN_FIRST+17, ARFCN_FIRST+19, ARFCN_FIRST+21, ARFCN_FIRST+25, ARFCN_FIRST+26, ARFCN_FIRST+29, ARFCN_FIRST+33, ARFCN_FIRST+37, ARFCN_FIRST+41, ARFCN_FIRST+44, ARFCN_FIRST+45, ARFCN_FIRST+48, ARFCN_FIRST+51, ARFCN_FIRST+52, ARFCN_FIRST+56, ARFCN_FIRST+58, ARFCN_FIRST+60, ARFCN_FIRST+64, ARFCN_FIRST+65, ARFCN_FIRST+67


Throughout the spec, all ARFCN values will be defined by means of the offset with respect to ARFCN_FIRST, i.e. in the form ARFCN_FIRST+n. For example, the ARFCN values for the Low, Middle and High ranges could be defined as follows:

	Term
	T-GSM 810

	Low ARFCN range
	ARFCN_FIRST to (ARFCN_FIRST+4)

	Mid ARFCN range
	(ARFCN_FIRST+
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	High ARFCN range
	(ARFCN_FIRST+ARFCN_RANGE – 4) to (ARFCN_FIRST+ARFCN_RANGE)


assuming that BAND_OFFSET = 0. The symbol 
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 denotes the greatest integer lower than or equal to x. For T-GSM 810, ARFCN_RANGE = 73. The formulas in the table are general, and could apply also to other frequency bands (e.g. GSM 710).

The opinion of GERAN WG3 is welcome on which of the two options is preferred for the ARFCN definition for T-GSM 810 (and in general for all those bands for which only dynamic ARFCN is possible). The first option has the advantage of being simpler, whereas the second option has the advantage of higher flexibility.

4 System Information

When performing tests on T-GSM 810 mobiles, the System Simulator will need to send the SI15 message on the BCCH and/or the PSI8 message on the PBCCH (if applicable), which contain the Dynamic Mappings to be used during the tests. If some of the parameters sent in these messages need to be set to specific values during the tests (for example if a specific value of ARFCN_FIRST is mandated, as discussed in section 3), this will have to be specified in the relevant sections of 51.010-1.

5 Conclusions

This contribution discusses the definition of the ARFCN for the T-GSM 810 (and, in general, for those bands that require dynamic ARFCN mapping). Two alternatives have been presented in section 3. It is proposed that GERAN WG3 discusses these alternatives and decides on the preferred one for use in TS 51.010-1.
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� TS 45.005 states that “Dynamic mapping has priority over the fixed designation of carrier frequencies”, so if a range larger than 97 ARFCNs were required, it could be made to overlap with some of the static ARFCNs.
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