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1
Introduction
At the last RAN2 meeting, RAN2-61bis in Shenzhen, China, 31 March – 4 April, the optimisation of the GERAN neighbour cell list in the SystemInformationBlockType7 field was discussed on the basis of [1]. Some agreements were made and a text proposal [2] was prepared and agreed, although without further presentation or discussion. 
It was quite clear during the preparation of the text proposal [2] that there is a need for further consideration of the GERAN neighbour cell list. There were also comments (T-Mobile) after the meeting on the RAN2 reflector regarding the agreements. This paper intends to continue the discussion. It proposes additional changes, on top of those agreed at the last meeting and included in the draft Rapporteur CR [3].
2
Discussion

2.1
Analysis of the requirements
It is the understanding of the proponents of this document that the following requirements and/or assumptions should apply regarding the encoding of the GERAN neighbour cell list:
–
The GERAN cell reselection parameters are provided on the basis of GERAN BCCH carrier frequencies, and not on a cell specific basis (i.e., the cell specific BSIC values are not provided).

–
The GERAN cell reselection parameters are provided per group of (one or more) GERAN BCCH carrier frequencies.
Note 1: Providing the cell reselection parameters per group of GERAN BCCH carrier frequencies has been discussed, but was not agreed at the last meeting. However, considering the potentially large number of GERAN BCCH carrier frequencies in many deployment scenarios, providing the parameters per group of carriers is considered as a very reasonable approach.

–
For GERAN carrier frequencies in the GSM 1800 and GSM 1900 bands, a bandIndicator should be provided, in order to distinguish those frequencies in the overlapping range of ARFCN values [45.005].

–
The following GERAN cell reselection parameters are identified:

–
geran-CellReselectionPriority; integer of range: 0 to 7

–
ncc-Permitted; bitmap representing NCC = 0 to 7, indicating which NCC values that may be monitored.
–
q-Rxlevmin, threshX-High and threshX-Low; integers of range: (119 to (57 by step of 2 [dBm]
Note 2: The current 36.331 specifies a range from (119 to (56 [dBm] for these parameters. However, that is not compatible with the "step of 2" approach, because the difference between the endpoints is not an integer number of 2 dBm. A range from (119 to (57 by step of 2 is proposed (assuming 32 separate values).
Furthermore, it is the understanding of the proponents of this document that the signalling solution shall support typical GERAN deployment scenarios, including: dual band GERAN networks, GERAN networks with hierarchical cell structure (HCS) deployment, and configurations where (at least) two GERAN operators share a common EUTRA network. This understanding leads to a few conclusions:
–
The total number of GERAN carrier frequencies can be quite large. In a dual band GERAN network, in particular if HCS is deployed, the number of carrier frequencies used for BCCH may very well exceed 32. In the shared EUTRA network scenario, it may thus be necessary to support at least up to 64 GERAN BCCH carrier frequencies. Even larger numbers could be foreseen.
–
The maximum number of GERAN BCCH carrier frequency groups should be large enough to allow a differentiation of the reselection parameters between groups of frequencies: in different GERAN frequency bands, in different cell layers (HCS), and belonging to different GERAN operators (shared EUTRA).

–
Given the expected diversity of the reselection parameters, it seems reasonable to allow all of the reselection parameters, including the geran-CellReselectionPriority and the ncc-Permitted parameters, to be defined specifically for each group. However, a default rule should be defined, such that if a parameter value is the same in two subsequent groups (in the encoding); an explicit value is needed only for the first group of carrier frequencies.
The proponents' conclusions and understanding of the requirements leads to the following proposals:
Proposal 1:
The GERAN neighbour cell list is encoded using a sequence of GERAN BCCH carrier frequency groups. The maximum number of groups is restricted to 16.

Note 3: A maximum number of groups less or equal to 8 is considered too restrictive, considering the expected diversity of the cell reselection parameters. Using a 4-bit length determinant allows a range from 1 to 16 groups, which should be sufficient. The additional overhead is very modest.
Proposal 2:
Avoid defining a strict upper limit for the number of GERAN BCCH carrier frequencies in each group. Different encoding options may have different upper limitations. If the chosen encoding does not support the intended size of the group, the group may be split in two (with identical cell reselection parameter values).
Note 4: The minimum number of frequencies in a group of GERAN BCCH carrier frequencies is one.
Note 5: The encoding of the GERAN carrier frequency list is further discussed in section 2.2 of this document.
Proposal 3:
For each GERAN BCCH carrier frequency group in the sequence, a set of cell reselection parameters are provided, including values for the geran-CellReselectionPriority, ncc-Permitted, q-Rxlevmin, threshX-High and threshX-Low parameters. The provision of these values is optional, except in the first group, where a complete set of values shall be provided. In the following groups, the values from the previous group are used as default values for those parameters where an explicit value is not provided.
Regarding the shared EUTRA network scenario, it is presently unclear if a PLMN identity, or a set of PLMN identities, needs to be associated with each group of GERAN BCCH carrier frequencies, in order to avoid that the UE keeps monitoring GERAN BCCH carrier frequencies where it is not allowed to camp. It is proposed to note this issue for now and leave it for further study, not including the PLMN identities at this point.

Proposal 4:
Note (for now) that in case of EUTRA network sharing between operators having separate GERAN networks for coverage backup, additional information (e.g., the PLMN identities) may be required, in order to guide the UE to a relevant subset of the GERAN BCCH carrier frequency groups for the idle mode cell reselection (FFS).

Note 6: Appending the PLMN information to the proposed encoding of the GERAN neighbour cell list is considered as feasible, but it is not included in the present proposal.
2.2
Encoding of the GERAN carrier frequency list
The encoding of the GERAN BCCH carrier frequency lists was a main topic in [1] at the last meeting. As a conclusion at the last meeting, it was agreed [2 and 3] to keep an encoding option based on an "explicit list of ARFCN values" and to add an encoding option with the "equally spaced ARFCN values". Additional options were left for further study.
It is recognised that in a GERAN network where the BCCH carrier frequencies are allocated at an equal ARFCN distance, the "equally spaced ARFCN values" can be an efficient way to encode a set of those frequencies. However, with a more irregular pattern of the BCCH allocation, this option is probably not very useful. On the other hand, the "explicit list of ARFCN values" option often provides a rather inefficient way of encoding the BCCH allocation, in particular if the number of frequencies is quite large.
It could be mentioned that in order to provide a useful BCCH allocation for a single GERAN cell layer (no HCS), a number in the order of 12 to 15 carrier frequencies may be required as a minimum (depending on topology and site allocation). An encoding of 15 ARFCN values using the "explicit list" requires almost 19 octets (15 × 10 bits). In contrast, using a bitmap format (i.e., a starting ARFCN and a variable bitmap) could encode an arbitrary selection of frequencies, within, for instance, a 10 MHz range, in only 8 octets. If the BCCH allocation is spread over a wider range, the "Range 128 format" of the "Frequency List" IE [44.018] could encode the 15 ARFCN values within a 25 MHz range in 13 octets.
Based on this simple example, it should be clear that there is a potential of significant saving in the use of the encoding techniques GERAN has developed for the transmission of various frequency allocations to the UE. The support of these encoding techniques is also anyhow required for a GERAN capable UE, compliant with the phase 2 of GSM specifications.
A general observation is that for relatively dense frequency allocations (i.e., a large number of carriers per unit bandwidth), the variable bitmap format tends to be the most efficient. If frequencies are more spread out, the "Range N formats" of the "Frequency List" IE [44.018] is often more efficient. In addition, except maybe for the encoding of just two or three frequencies, the "Range N formats" are always more efficient than the "explicit list of ARFCN values".

The GERAN BCCH allocations are often relatively dense. For the purpose of encoding a GERAN BCCH allocation in the EUTRA RRC, the variable bitmap format should be the first candidate to add.
Proposal 5:
Include the "variable bitmap format" as a third option in the GERAN-CarrierFreqList field type for EUTRA RRC. The size of the variable bitmap could be limited to a maximum of 16 octets, corresponding to a frequency range of slightly more than 25 MHz.
Proposal 6:
Leave it FFS if also some of the "Range N formats" (N = 128, 256, etc.) of the "Frequency List" IE [44.018] should be included, possibly as a replacement of the "explicit list of ARFCN values".
In some networks, it could be foreseen that the GERAN BCCH carrier frequencies are given as just a range of ARFCN values, without identifying exactly the particular BCCH carrier frequencies. This could be seen as a special case of the "equally spaced ARFCN values" encoding (spacing = 1) agreed at the last meeting. However, the encoding was agreed with a limit of at most 32 carrier frequencies. With a spacing = 1, that corresponds to only 6 MHz, which is quite restrictive for the continuous range encoding. It is proposed that the continuous range encoding should be capable of supporting a bandwidth of up to at least 25 MHz, corresponding to about 128 carrier frequencies.
Proposal 7:
Modify the "equally spaced ARFCN values" encoding to provide an ARFCN spacing ranging from 2 to 9 ARFCN values (instead of 1 to 8). Add a separate encoding option for the "continuous range encoding", supporting continuous ranges of up to 128 (i.e., 1 + 127) ARFCN values.
Note 7: If a continuous range of BCCH carrier frequencies greater than 128 ARFCN values is needed, it can be split in two groups and associated with identical cell reselection parameter values.
A small remark regarding the GERAN carrier frequency list type identifier: there are fixed duplex distances defined for all of the GERAN frequency bands defined so far. An ARFCN value is normally used to denote both of the corresponding DL and UL frequencies. Therefore, a field type for the encoding of ARFCN values should not target exclusively DL or UL frequencies. It can be used for both purposes, and for the pair of DL and UL frequencies.
Proposal 8:
The field type identifier GERAN-DL-CarrierFreqList is changed to just GERAN-CarrierFreqList.
3
Summary of proposals
The following proposals are made in this document:
Proposal 1:
The GERAN neighbour cell list is encoded using a sequence of GERAN BCCH carrier frequency groups. The maximum number of groups is restricted to 16.

Proposal 2:
Avoid defining a strict upper limit for the number of GERAN BCCH carrier frequency in each group. Different encoding options may have different upper limitations. If the chosen encoding does not support the intended size of the group, the group may be split in two (with identical cell reselection parameter values).
Proposal 3:
For each GERAN BCCH carrier frequency group in the sequence, a set of cell reselection parameters are provided, including values for the geran-CellReselectionPriority, ncc-Permitted, q-Rxlevmin, threshX-High and threshX-Low parameters. The provision of these values is optional, except in the first group, where a complete set of values shall be provided. In the following groups, the values from the previous group are used as default values for those parameters where an explicit value is not provided.
Proposal 4:
Note (for now) that in case of EUTRA network sharing between operators having separate GERAN networks for coverage backup, additional information (e.g., the PLMN identities) may be required, in order to guide the UE to a relevant subset of the GERAN BCCH carrier frequency groups for the idle mode cell reselection (FFS).

Proposal 5:
Include the "variable bitmap format" as a third option in the GERAN-CarrierFreqList field type for EUTRA RRC. The size of the variable bitmap could be limited to a maximum of 16 octets, corresponding to a frequency range of slightly more than 25 MHz.
Proposal 6:
Leave it FFS if also some of the "Range N formats" (N = 128, 256, etc.) of the "Frequency List" IE [44.018] should be included, possibly as a replacement of the "explicit list of ARFCN values".
Proposal 7:
Modify the "equally spaced ARFCN values" encoding to provide an ARFCN spacing ranging from 2 to 9 ARFCN values (instead of 1 to 8). Add a separate encoding option for the "continuous range encoding", supporting continuous ranges of up to 128 (i.e., 1 + 127) ARFCN values.
Proposal 8:
The field type identifier GERAN-DL-CarrierFreqList is changed to just GERAN-CarrierFreqList.

A text proposal with the proposed changes is attached below.
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Text proposal
6.3
RRC information elements

6.3.1
System information blocks

Skip to first change

–
SystemInformationBlockType7

The IE SystemInformationBlockType7 contains information about GERAN frequencies relevant for cell re-selection. The IE includes cell re-selection parameters for each frequency.

SystemInformationBlockType7 information element
-- ASN1START

SystemInformationBlockType7 ::=

SEQUENCE {



geran-NeigbourFreqList



SEQUENCE (SIZE (1..maxGNFG)) OF











GERAN-BCCH-Group



OPTIONAL,
-- Need OP






...

}

GERAN-BCCH-Group ::=



SEQUENCE {


geran-BCCH-FrequencyGroup


GERAN-CarrierFreqList,


geran-BCCH-Configuration


SEQUENCE {



geran-CellReselectionPriority

INTEGER (0..7)




OPTIONAL,
-- Need OP


ncc-Permitted





BIT STRING (SIZE (8))


OPTIONAL,
-- Need OP


q-Rxlevmin






INTEGER (0..31)




OPTIONAL,
-- Need OP


threshX-High





INTEGER (0..31)




OPTIONAL,
-- Need OP


threshX-Low






INTEGER (0..31)




OPTIONAL
-- Need OP

}
}
-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

Editor's note
RAN2 has agreed not to provide cell specific re-selection parameters for GSM/ GERAN neighbours. To be confirmed by GERAN/ RAN4

	SystemInformationBlockType7 field descriptions

	geran-NeigbourFreqList

Provides a list of neighbouring GERAN carrier frequencies, which may be monitored for neighbouring GERAN cells. The GERAN carrier frequencies are organised in groups and the cell reselection parameters are provided per group of GERAN carrier frequencies.

	geran-BCCH-FrequencyGroup
The list of GERAN carrier frequencies organised into one group of GERAN carrier frequencies.

	geran-BCCH-Configuration
Defines the set of cell reselection parameters for the group of GERAN carrier frequencies. In the first element of the geran-NeigbourFreqList field, a complete set of cell reselection parameters shall be provided in the geran-BCCH-Configuration field. In subsequent elements of the geran-NeigbourFreqList field, value(s) from the presiding element is used as default, if one or more of the cell reselection parameters in the geran-BCCH-Configuration field are absent.

	geran-CellReselectionPriority 

Absolute priority of the RAT (0 means: highest priority).

	


	


	ncc-Permitted 

Field encoded as a bitmap, where bit N is set to "0" if a BCCH carrier with NCC = N-1 is not permitted for monitoring and set to "1" if a BCCH carrier with NCC = N-1 is permitted for monitoring; N = 1 to 8; bit 1 of the bitmap is the leading bit of the bit string.

	q-Rxlevmin

The actual value of q-Rxlevmin in dBm = (IE value * 2) ( 119.

	threshX-High

The actual value of threshX-High ("Threshx,high", [36.304]) in dBm = (IE value * 2) ( 119.

	threshX-Low

The actual value of threshX-Low ("Threshx,low", [36.304]) in dBm = (IE value * 2) ( 119.



6.3.4
Mobility control information elements

Skip to next change











	

	


	


	



Skip to next change

–
GERAN-CarrierFreqList

The IE GERAN-CarrierFreqList is used to provide a set of GERAN ARFCN values [44.005], which represents a list of GERAN carrier frequencies.

GERAN-CarrierFreqList information element
-- ASN1START

GERAN-CarrierFreqList ::=


SEQUENCE {


startingARFCN





GERAN-ARFCN-Value,


bandIndicator





ENUMERATED {gsm1800, gsm1900},


followingARFCNs





CHOICE {



explicitListOfARFCNs



SEQUENCE (SIZE (0..31)) OF GERAN-ARFCN-Value,



equallySpacedARFCNs




SEQUENCE {




arfcn-Spacing





INTEGER (2..9),




numberOfFollowingARFCNs



INTEGER (0..31)



},


continuousRangeOfARFCNs



INTEGER (0..127),


variableBitMapOfARFCNs



OCTET STRING (SIZE (1..16))



-- Other options, e.g., the "Range N formats" in the Frequency List IE [44.018] are FFS

}

}

GERAN-ARFCN-Value ::=



INTEGER (0..1023)

-- ASN1STOP

	GERAN-CarrierFreqList field descriptions

	startingARFCN

The first ARFCN value, s, in the set.

	bandIndicator

Indicator to distinguish the GERAN frequency band in case of ARFCN values associated with either GSM 1800 or GSM 1900 carriers. For ARFCN values not associated with one of those bands, the indicator has no meaning.

	followingARFCNs

Field containing a representation of the remaining ARFCN values in the set.

	explicitListOfARFCNs

The remaining ARFCN values in the set are explicitly listed one by one.

	arfcn-Spacing

Space, d, between a set of equally spaced ARFCN values.

	numberOfFollowingARFCNs

The number, n, of the remaining, equally spaced ARFCN values in the set. The complete set of (n+1) ARFCN values is defined as: {s, ((s + d) mod 1024), ((s + 2*d) mod 1024) ... ((s + n*d) mod 1024)}.

	continuousRangeOfARFCNs

The number, n, of the remaining ARFCN values in a continuous range of ARFCN values, modulo 1024. The complete set of (n+1) ARFCN values is all the ARFCN values in the range: s, ((s + 1) mod 1024) to ((s + n) mod 1024).

	variableBitMapOfARFCNs

Bitmap field representing the remaining ARFCN values in the set. The leading bit of the first octet in the bitmap corresponds to the ARFCN = ((s + 1) mod 1024), the next bit to the ARFCN = ((s + 2) mod 1024), and so on. If the bitmap consist of N octets, the trailing bit of octet N corresponds to ARFCN = ((s + 8*N) mod 1024). The complete set of ARFCN values consists of ARFCN = s and the ARFCN values, where the corresponding bit in the bitmap is set to "1".


6.3.5
Measurement information elements

Skip to next change

–
MeasObjectGERAN
The IE MeasObjectGERAN specifies information applicable for inter-RAT GERAN neighbouring frequencies. 

MeasObjectGERAN information element
-- ASN1START

MeasObjectGERAN ::=




SEQUENCE {


geran-MeasFrequencyList



SEQUENCE (SIZE (1..maxGNFG)) OF GERAN-CarrierFreqList,


offsetFreq






INTEGER (-15..15)


DEFAULT 0
-- value range FFS

ncc-Permitted





BIT STRING(SIZE (8))

OPTIONAL

}

-- ASN1STOP

	MeasObjectGERAN field descriptions

	geran-MeasFrequencyList

Provides a list of neighbouring GERAN carrier frequencies defining the measurement object.

	offsetFreq

Offset value applicable to the GERAN carrier frequencies. Value in dB.

	ncc-Permitted 

Field encoded as a bitmap, where bit N is set to "0" if a BCCH carrier with NCC = N-1 is not permitted for monitoring and with a "1" if a BCCH carrier with NCC = N-1 is permitted for monitoring; N = 1 to 8; bit 1 of the bitmap is the leading bit of the bit string.


6.4
RRC multiplicity and type constraints values

–
Multiplicity and type constraints definitions

A brief descriptive text to be added here (FFS).
-- ASN1START

maxAC





INTEGER ::= 1
-- 












FFS
maxBands




INTEGER ::= 1
-- Maximum number of bands listed in EUTRA UE caps
FFS
maxCellBlack



INTEGER ::= 1
-- Maximum number of blacklisted cells



FFS
maxCellInter



INTEGER ::= 1
-- Maximum number of neighbouring inter-frequency












-- cells listed in SIB type 5





FFS
maxCellIntra



INTEGER ::= 1
-- Maximum number of neighbouring intra-frequency












-- cells listed in SIB type 4





FFS
maxCellMeas




INTEGER ::= 1
-- Maximum number of neighbouring cells within a












-- measurement object







FFS
maxCellReport



INTEGER ::= 1
-- Maximum number of reported cells




FFS
maxCellUTRA




INTEGER ::= 1
-- Maximum number of neighbouring UTRA cells

FFS
maxDRB





INTEGER ::= 1
-- Maximum number of Data Radio Bearers



FFS
maxEARFCN




INTEGER ::= 1
-- Maximum value of EUTRA carrier fequency


FFS
maxFreq





INTEGER ::= 1
-- Maximum number of EUTRA carrier frequencies

FFS
maxGERAN-Carrier


INTEGER ::= 1
-- Maximum number of GERAN carrier fequencies

FFS
maxGNFG





INTEGER ::= 16
-- Maximum number of GERAN neighbour freq groups
FFS
maxMCS-1




INTEGER ::= 1
-- Maximim number of PUCCH formats (MCS)


FFS
maxMeasId




INTEGER ::= 1
-- 












FFS
maxObjectId




INTEGER ::= 1
-- 












FFS
maxPageRec




INTEGER ::= 1
-- 












FFS
maxPNOffset




INTEGER ::=
1
-- Maximum number of CDMA2000 PNOffsets



FFS
maxRAT-Capabilities


INTEGER ::= 1
-- Maximum number of interworking RATs (incl EUTRA)
FFS
maxReportConfigId


INTEGER ::= 1
-- 












FFS
maxROHC-Profile



INTEGER ::= 16
-- Maximum number of profiles supported by ROHC on
FFS











-- a given RB.

maxSIB





INTEGER ::= 1
-- Maximum number of SIBs






FFS
maxSI-Message



INTEGER ::= 1
-- Maximum number of SI messages




FFS
maxUTRA-Carrier



INTEGER ::= 1
-- Maximum number of UTRA carrier fequencies

FFS
-- ASN1STOP

Editor's note:
A table with parameter descriptions should be considered as an alternative to the inline comments above. If there are more than a few words of comment, the code above gets rather messy.

–
End of EUTRA-RRC-Definitions

-- ASN1START

END

-- ASN1STOP

