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1	Introduction

In C6-220436, Toolkit support for CAG Cell Selection was introduced in 3GPP TS 31.111. However, there are few concerns in the current Rel 17 implementation that needs to be addressed in order to simplify and optimize the CAG related data that is provided by Terminal to UICC. 
2	Concerns

Concern 1-
Redundancy:
When CAG information list and the corresponding human-readable network name per CAG ID is requested via PLI, then it is possible that the content of a Terminal Response defined in Clause 6.8 (3GPP TS 31.111) can contain redundant CAG ID list . i.e, CAG ID is redundant when provided in "CAG information list" as specified in Clause 8.148, and also provided in "CAG ID human readable network name (HRNN) list" as specified in Clause 8.149 (3GPP TS 31.111). ( Same issue arises in the case of ENVELOPE (EVENT DOWNLOAD. – CAG Cell Selection) provided by the ME to UICC)
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Concern 2 – 
Ambiguity:

In the current encoding of “CAG ID human readable network name (HRNN) list”, the encoding is to provide CAG-ID and the corresponding HRNN. Since same CAG ID can be repeated across two different PLMN(s) in a cell, it is not necessary that CAG-ID in a cell is unique. Consider the below example:

1) Cell 1 is an MOCN cell and there are 2 PLMN(s) being broadcast. PLMN-A and PLMN-B.
2) Each of the 3 PLMNs broadcast 2 CAG IDs. Let the following be the configuration of the broadcast:
a. PLMN-A (CAGID-1, CAGID-2)
b. PLMN-B (CAGID-1, CAGID-2)
3) HRNN-A and HRNN-B are broadcast for PLMN-A and PLMN-B in SIB-10.

In the above configuration, the “CAG ID human readable network name (HRNN) list” will be as follows, based on the current encoding:
CAGID-1  HRNN-A
CAGID-2  HRNN-A
CAGID-1  HRNN-B
CAGID-2  HRNN-B

With the above information, it is not possible for the UICC to make out which HRNN is actually associated with which PLMN, since the CAG-ID is not unique.

Concern 3 -
Need for truncation leads to mis-prioritized and missing data:

When there are multiple PLMNs with multiple CAG ID, with respective HRNN configured, UE may need to truncate to the maximum that can be supported by the UICC. When such truncation happens, as to which broadcast CAG information needs to be prioritized to be provided in the ENVELOPE/TERMINAL RESPONSE command also is not clear and different UE’s might end up sending different information. This might also lead to cases where the UICC does not receive the essential information for decision making (For example, CAG information of currently selected PLMN). This too would need to be handled.

Concern 4 –
Listing same HRNN for multiple CAG-ID’s:

In the current encoding of “CAG ID human readable network name (HRNN) list”, the encoding is to provide CAG-ID and the corresponding HRNN. 
Since HRNN (as per defined in 3GPP TS. 38.331) is broadcast in SIB 10 for each NPNs/PLMN ID and not per CAG ID, Listing HRNN for each CAG ID is a waste of resource, as HRNN will be same for multiple CAG ID’s.

For example,

PLMN A can have CAG ID x,y,z denoted in SIB 1. HRNN associated with this PLMN can be “abc”. Now providing CAG ID and correspoding HRNN will mean providing the following 

"x" , abc
"y" , abc
"x" , abc
As can be seen , "abc" is redundant., and can be easily avoided to reduce the risk of truncation and provide maximum useful information to UICC.
3	Changes Recommended

The above concern can be fully solved by incorporating the following changes into Rel 17/Rel 18 specification.
####Changes required ######

Preference 1: Solution 1:
List "HRNN" in the same order as the listing of CAG ID in the human readable network name per PLMN list.

Here the approach is simply to list HRNN(s) in the very same order in which the NPN/PLMN ID’s were indicated in the "CAG Information List". If for a PLMN ID indicated in the CAG information list, there is no HRNN broadcast, the TAG shall be included but the length shall be set to 0. This approach aligns with how HRNN is handled in broadcast information to UE (as per RAN specification).
· 
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Please refer following Tdoc.
· C6-230430 ( CAG-ID corrections essential to support CAG toolkit Rel 17 (preferred Solution 1))
· C6-230431 ( CAG-ID corrections essential to support CAG toolkit (Rel18) (preferred Solution 1))

Preference 2: Solution 2:

Listing HRNN + NPN/PLMN ID within CAG ID human readable network name per PLMN list.

Instead of listing CAG-ID’s + HRNN in the “CAG ID human readable network name (HRNN) list”, the NPN/PLMN ID and the corresponding HRNN can be indicated. For a case where there is no HRNN broadcast for a given NPN/PLMN, the HRNN length shall be indicated as zero.
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Please refer following Tdoc.
· C6-230460 HRNN listing per PLMN ID to support CAG toolkit (Rel18) (Solution 2)
· Rel 18 CR ( CAT B ) , used a new TAG to avoid any issues with compatibility with frozen Rel 17. 
· Can also be implemented in Rel 17, without the proposed new TAG values if CAT F correction is allowed.
	

	



Preference 3: Solution 3:

List NPN/PLMN ID +  CAG ID + associated HRNN.

Please refer following Tdoc.
· C6-230461 HRNN listing per PLMN ID & CAG-ID to support CAG toolkit (Rel18) (Solution 3)
· "CAG information list" is optional for Rel 18 if newly defined Rel 18 "HRNN list" is available with respective CAG ID, PLMN info.
· Can also be implemented in Rel 17 if CAT F correction is allowed.


Note:
When truncation of CAG information is done, it is suggested that the UE prioritises the CAG information of the currently selected PLMN is include it in the TERMINAL RESPONSE/ENVELOPE command.

### BACK UP REFERENCE from other specs  (38.331)####
38.331
[bookmark: _Toc124879001]–	SIB10
SIB10 contains the HRNNs of the NPNs listed in SIB1.
SIB10 information element
-- ASN1START
-- TAG-SIB10-START

SIB10-r16 ::=               SEQUENCE {
    hrnn-List-r16               HRNN-List-r16                                   OPTIONAL,   -- Need R
    lateNonCriticalExtension    OCTET STRING                                    OPTIONAL,
    ...
}

HRNN-List-r16 ::=           SEQUENCE (SIZE (1..maxNPN-r16)) OF HRNN-r16

HRNN-r16 ::=                SEQUENCE {
    hrnn-r16                    OCTET STRING (SIZE(1.. maxHRNN-Len-r16))        OPTIONAL   -- Need R
}

-- TAG-SIB10-STOP
-- ASN1STOP

..
	SIB10 field descriptions

	HRNN-List
The same amount of HRNN (see TS 23.003 [21]) elements as the number of NPNs in SIB 1 are included. The n-th entry of HRNN-List contains the 
human readable network name of the n-th NPN of SIB1. The hrnn in the corresponding entry in HRNN-List is absent if there is no HRNN associated 
with the given NPN.





[bookmark: _Toc124879168]–	NPN-Identity
The IE NPN-Identity includes either a list of CAG-IDs or a list of NIDs per PLMN Identity. Further information regarding how to set the IE is specified in TS 23.003 [21].
NPN-Identity information element
-- ASN1START
-- TAG-NPN-IDENTITY-START

NPN-Identity-r16 ::=             CHOICE {
    pni-npn-r16                      SEQUENCE {
        plmn-Identity-r16                PLMN-Identity,
        cag-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF CAG-IdentityInfo-r16
    },
    snpn-r16                         SEQUENCE {
        plmn-Identity-r16                PLMN-Identity,
        nid-List-r16                     SEQUENCE (SIZE (1..maxNPN-r16)) OF NID-r16
    }
}

CAG-IdentityInfo-r16 ::=         SEQUENCE {
    cag-Identity-r16                 BIT STRING (SIZE (32)),
    manualCAGselectionAllowed-r16    ENUMERATED {true}                         OPTIONAL   -- Need R
}

NID-r16 ::=                      BIT STRING (SIZE (44))

-- TAG-NPN-IDENTITY-STOP
-- ASN1STOP

	NPN-Identity field descriptions

	cag-Identity
A CAG-ID as specified in TS 23.003 [21]. The PLMN ID and a CAG ID in the NPN-Identity identifies a PNI-NPN.

	cag-IdentityList
The cag-IdentityList contains one or more CAG IDs. All CAG IDs associated to the same PLMN ID are listed in the same cag-IdentityList entry.

	manualCAGselectionAllowed
The manualCAGselectionAllowed indicates that the CAG ID can be selected manually even if it is outside the UE's allowed CAG list.

	NID
A NID as specified in TS 23.003 [21]. The PLMN ID and a NID in the NPN-Identity identifies a SNPN.

	nid-List
The nid-List contains one or more NID.




npn-IdentityInfoList
The npn-IdentityInfoList is used to configure a set of NPN-IdentityInfo elements. Each of those elements contains a list of one or more NPN Identities and additional information associated with those NPNs. The total number of PLMNs (identified by a PLMN identity in plmn -IdentityList), PNI-NPNs (identified by a PLMN identity and a CAG-ID), and SNPNs (identified by a PLMN identity and a NID) together in the PLMN-IdentityInfoList and NPN-IdentityInfoList does not exceed 12, except for the NPN-only cells. A PNI-NPN and SNPN can be included only once, and in only one entry of the NPN-IdentityInfoList. In case of NPN-only cells the PLMN-IdentityList contains a single element that does not count to the limit of 12 and the cellIdentity of the first entry of the PLMN-IdentityInfoList is set to the same value as the cellIdentity-r16 of the first entry of the NPN-IdentityInfoList. The NPN index is defined as B+c1+c2+…+c(n-1)+d1+d2+…+d(m-1)+e(i) for the NPN identity included in the n-th entry of NPN-IdentityInfoList and in the m-th entry of npn-Identitylist within that NPN-IdentityInfoList entry, and the i-th entry of its corresponding NPN-Identity, where
- B is the index used for the last PLMN in the PLMN-IdentittyInfoList; in NPN-only cells B is considered 0;
- c(j) is the number of NPN index values used in the j-th NPN-IdentityInfoList entry;
- d(k) is the number of NPN index values used in the k-th npn-IdentityList entry within the n-th NPN-IdentityInfoList entry;
- e(i) is
    - i if the n-th entry of NPN-IdentityInfoList entry is for SNPN(s);
    - 1 if the n-th entry of NPN-IdentityInfoList entry is for PNI-NPN(s).
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8.148 CAG information list

Coding of CAG information list:

As for CAG information list entry in EFcac, in TS 31.102 [14]

Byte(s) Description Length
1 CAG information list tag 1
2 Length 1

3 to X+2 CAG information list X
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8.149 CAG ID human-readable network name list
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The CAG ID human-readable network name list shall contain at least one CAG ID human-readable network name Tag, Tag '80'.
Coding of CAG ID human-readable network name (Tag '80'):
Content:
CAG ID on 32 bits followed by CAG ID human-readable network name.
Coding of CAG ID:
The coding of the CAG-ID is defined as the CAG-Identifier in 3GPP TS 23.003 [30]

Coding of CAG ID human-readable network name:

The coding is HRNN coding as defined in TS 23.003 [30].





