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***************************NEXT CHANGE*********************************************

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

AK
Anonymity Key

AKA
Authentication and Key Agreement

B-TID
Bootstrapping Transaction Identifier

BSF
Bootstrapping Server Function

CA
Certificate Authority

FQDN
Fully Qualified Domain Name

GAA
Generic Authentication Architecture

GBA
Generic Bootstrapping Architecture

GBA_ME
ME-based GBA

GBA_U
GBA with UICC-based enhancements

GUSS
GBA User Security Settings
HLR
Home Location Register
HSS
Home Subscriber System

IK
Integrity Key

KDF
Key Derivation Function

Ks_int_NAF
Derived key in GBA_U which remains on UICC

Ks_ext_NAF
Derived key in GBA_U

MNO
Mobile Network Operator

NAF
Network Application Function

PKI
Public Key Infrastructure

SLF
Subscriber Locator Function 

USS
User Security Setting
***************************NEXT CHANGE*********************************************

4.1
Reference model

Figure 4.1 shows a simple network model of the entities involved in the bootstrapping approach when an HSS is deployed, and the reference points used between them.
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Figure 4.1: Simple network model for bootstrapping involving HSS
Figure 4.1a shows a simple network model of the entities involved when the network application function is located in the visited network.
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NOTE:
The Zn' reference point is distinguished from the Zn reference point in that it is used between operators.

Figure 4.1a: Simple network model for bootstrapping in visited network

Figure 4.1b shows a simple network model of the entities involved in the bootstrapping approach when an HLR is deployed, and the reference points used between them. The reference point Zh’ is optional for the BSF to support.
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Figure 4.1b: Simple network model for bootstrapping involving HLR
***************************NEXT CHANGE*********************************************
4.2.1
Bootstrapping server function (BSF)

A generic Bootstrapping Server Function (BSF) and the UE shall mutually authenticate using the AKA protocol, and agree on session keys that are afterwards applied between UE and a Network Application Function (NAF). The BSF shall restrict the applicability of the key material to a specific NAF by using the key derivation procedure as specified in Annex B. The key derivation procedure may be used with multiple NAFs during the lifetime of the key material. The lifetime of the key material is set according to the local policy of the BSF. The generation of key material is specified in clause 4.5.2.

The BSF shall be able to acquire the GBA user security settings (GUSS) from the HSS.
The BSF shall be able to keep a list, which assigns NAFs to NAF Groups. This list is used to select if any and which application-specific USS within GUSS is valid for a certain NAF.
NOTE 1:
The operator does the assignment of NAFs to NAF Groups. NAF Group definitions in HSS and all connected BSFs belonging to the same operator's network shall be equal (cf., clause 4.2.3). As these network elements belong to the same operator's network, standardisation of the NAF Group definitions themselves is not necessary in 3GPP.
NOTE 2:
The NAF grouping may be e.g. "home" and "visited". It allows the BSF to send USSs for the same application with e.g. different authorization flags to different NAFs, e.g., in home network and visited networks. The NAF e.g. in visited network indicates only the requested application, but it is unaware of the grouping in home network of the subscriber.

NOTE 3: 
If support of GBA User Security Settings (GUSS) for service differentiation or GBA_U is desired in combination with HLR, then this can be achieved by addition of a database to the BSF containing the needed GUSS information.
If a HLR is used within the GBA architecture, then the BSF needs to be configured to use the Zh’ reference point. If the Zh reference point is available it must be used. 

NOTE 4: 
If an operator wants to upgrade from a GBA architecture using HLR to one using HSS, then the BSF needs to be configured accordingly to use then the Zh reference point. This can also involve a configuration, if there are several HLR, that are replaced gradually. If GBA is deployed from the beginning with a HSS this kind of configuration is not needed.
***************************NEXT CHANGE*********************************************
4.2.6
HLR 
If a HLR is used, then the requirement on the HLR is:
· The HLR shall support the request from the BSF for the required authentication vector.

***************************NEXT CHANGE*********************************************

4.3.6
Reference point Zh’

The reference point Zh’ used between the BSF and the HLR allows the BSF to fetch the required authentication information. 

***************************NEXT CHANGE*********************************************

4.4.12
Requirements on reference point Zh’
This reference point is optional for the BSF to support. The requirements for reference point Zh’ are:

-
mutual authentication, confidentiality and integrity shall be provided;

NOTE 1:
This requirement may be fulfilled by physical or proprietary security measures, since BSF and HLR are located within the same operator’s network.

-
the BSF shall be able to send an authentication vector request concerning a subscriber;

-
the HLR shall be able to send one authentication vector, as decribed in 3GPP TS 29.109 [x] at a time to the BSF; 

-
no state information concerning bootstrapping shall be required in the HLR;

-
all procedures over reference point Zh’ shall be initiated by the BSF;

-
the number of different interfaces to HLR should be minimized.

NOTE 2: 
If support of GBA User Security Settings (GUSS) is desired in combination with HLR, then this can be achieved by addition of a database to the BSF containing the desired GUSS information.
***************************NEXT CHANGE*********************************************

4.5.2
Bootstrapping procedures

When a UE wants to interact with a NAF, and it knows that the bootstrapping procedure is needed, it shall first perform a bootstrapping authentication (see figure 4.3). Otherwise, the UE shall perform a bootstrapping authentication only when it has received bootstrapping initiation required message or a bootstrapping negotiation indication from the NAF, or when the lifetime of the key in UE has expired (cf. subclause 4.5.3).

NOTE 1:
The main steps from the specifications of the AKA protocol in TS 33.102 [2] and the HTTP digest AKA protocol in RFC 3310 [4] are repeated in figure 3 for the convenience of the reader. In case of any potential conflict, the specifications in TS 33.102 [2] and RFC 3310 [4] take precedence.
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Figure 4.3: The bootstrapping procedure

1.
The UE sends an HTTP request towards the BSF.

2.
BSF retrieves the complete set of GBA user security settings and one Authentication Vector (AV, AV = RAND||AUTN||XRES||CK||IK) over the reference point Zh from the HSS.
In the case that no HSS is deployed, the BSF retrieves the Authentication Vector over the reference point Zh’ from HLR.

If the BSF implements the timestamp option and has a local copy of the GUSS for the subscriber that has been fetched from the HSS during a previous bootstrapping procedure, and this GUSS includes a timestamp, the BSF may include the GUSS timestamp in the request message. Upon receiving that timestamp, if the HSS implements the timestamp option, the HSS may compare it with the timestamp of the GUSS stored in the HSS. In this case, if and only if the HSS has done the comparison and the timestamps are equal, then the HSS shall send "GUSS TIMESTAMP EQUAL" indication to the BSF. In any other case, the HSS shall send the GUSS (if available) to the BSF. If the BSF receives "GUSS TIMESTAMP EQUAL" indication, it shall keep the local copy of the GUSS. In any other case, the BSF shall delete the local copy of the GUSS, and store the received GUSS (if sent). 
NOTE 2:
In a multiple HSS environment, the BSF may have to obtain the address of the HSS where the subscription of the user is stored by querying the SLF, prior to step 2.

3.
Then BSF forwards the RAND and AUTN to the UE in the 401 message (without the CK, IK and XRES). This is to demand the UE to authenticate itself.

4.
The UE checks AUTN to verify that the challenge is from an authorised network; the UE also calculates CK, IK and RES. This will result in session keys IK and CK in both BSF and UE.

5.
The UE sends another HTTP request, containing the Digest AKA response (calculated using RES), to the BSF.

6.
The BSF authenticates the UE by verifying the Digest AKA response.

NOTE 3:
The password in "AKAv1" HTTP Digest AKA is in binary format.
7.
The BSF generates key material Ks by concatenating CK and IK. The B-TID value shall be also generated in format of NAI by taking the base64 encoded [12] RAND value from step 3, and the BSF server name, i.e. base64encode(RAND)@BSF_servers_domain_name.

8.
The BSF shall send a 200 OK message, including a B-TID, to the UE to indicate the success of the authentication. In addition, in the 200 OK message, the BSF shall supply the lifetime of the key Ks. The key material Ks is generated in UE by concatenating CK and IK.

9.
Both the UE and the BSF shall use the Ks to derive the key material Ks_NAF during the procedures as specified in clause 4.5.3. Ks_NAF shall be used for securing the reference point Ua.


Ks_NAF is computed as Ks_NAF = KDF (Ks, "gba-me", RAND, IMPI, NAF_Id), where KDF is the key derivation function as specified in Annex B, and the key derivation parameters consist of the user's IMPI, the NAF_Id and RAND. The NAF_Id is constructed as follows: NAF_Id = FQDN of the NAF || Ua security protocol identifier. The Ua security protocol identifier is specified in Annex H. KDF shall be implemented in the ME.

NOTE 4:
If a NAF hosts two or more applications which use the same FQDN and Ua security protocol identifier, they will share the same NAF specific keys. This causes a risk of so called two-time pad which may lead to the situation that the security of these applications is compromised. This can be avoided by running bootstrapping separately to each application or by application specific means, which are however out of the scope of the current specification.

To allow consistent key derivation based on NAF name in UE and BSF, at least one of the three following prerequisites shall be fulfilled:

(1)
The NAF is known in DNS under one domain name (FQDN) only, i.e. no two different domain names point to the IP address of the NAF. This has to be achieved by administrative means.
This prerequisite is not specific to 3GPP, as it is necessary also under other circumstances, e.g. for TLS V1.0 without use of wildcard or multiple-name certificates.

(2)
Each DNS entry of the NAF points to a different IP address. The NAF responds to all these IP addresses. Each IP address is tied to the corresponding FQDN by NAF configuration. The NAF can see from the IP address, which FQDN to use for key derivation.

(3)
Ua uses a protocol which transfers the host name (FQDN of NAF as used by UE) to NAF (e.g. HTTP/1.1 with mandatory Host request header field). This requires the NAF to check the validity of the host name, to use this name in all communication with UE where appropriate, and to transfer this name to BSF to allow for correct derivation of Ks_NAF.
In case of a TLS tunnel this requires either multiple-identities certificates or the deployment of RFC 3546 [9] or other protocol means with similar purpose.


The UE and the BSF shall store the key Ks with the associated B-TID for further use, until the lifetime of Ks has expired, or until the key Ks is updated or until the deletion conditions are satisfied (see 4.4.11).

NOTE 5: 
The following case can occur. The UE contacts the NAF1 and generates keys for NAF1. Then the UE contacts NAF2 and generates NAF2 keys. Then NAF1 requests then keys from the BSF, but the old key keys could have been overwritten due to NAF2 having initiated a new GBA run. The UE initiates a new GBA-run (B-TID2) after handling NAF1 (B-TID1) and starting the request to the NAF1 over Ua. One possible reason is that B-TID1 lifetime was about to expire. It is very likely that the GBA-run takes much more time (HSS involvement) then the Zn/Ua request such that the B-TID1 request at the BSF should arrive in most cases earlier at the BSF. So this out-of-order case should be very rare. This error situation will be signaled back to the UE, such that the most recent B-TID2 will also be used for NAF1. This out-of order case is self-correcting, since if the B-TID1 is unknown in the BSF, then the Ua request will fail and the UE can send a new request using B-TID2.

***************************NEXT CHANGE*********************************************

I.2.1
Bootstrapping server function (BSF)

A generic Bootstrapping Server Function (BSF) and the UE shall mutually authenticate using the 2G AKA protocol and the TLS protocol, and agree on session keys that are afterwards applied between UE and a Network Application Function (NAF). The BSF shall restrict the applicability of the key material to a specific NAF by using the key derivation procedure as specified in Annex B. The key derivation procedure may be used with multiple NAFs during the lifetime of the key material. The lifetime of the key material is set according to the local policy of the BSF. The generation of key material is specified in clause I.5.2.

The BSF shall be able to acquire the GBA user security settings (GUSS) from the HSS.
The BSF shall be able to discover from the type of authentication vectors sent by the HSS whether the subscriber is a 2G or a 3G subscriber.

The BSF shall be able to keep a list, which assigns NAFs to NAF Groups. This list is used to select if any and which application-specific USS within GUSS is valid for a certain NAF.
NOTE 1:
The operator does the assignment of NAFs to NAF Groups. NAF Group definitions in HSS and all connected BSFs belonging to the same operator's network shall be equal (cf., clause I.2.3). As these network elements belong to the same operator's network, standardisation of the NAF Group definitions themselves is not necessary in 3GPP.
NOTE 2:
The NAF grouping may be e.g. "home" and "visited". It allows the BSF to send USSs for the same application with e.g. different authorization flags to different NAFs, e.g., in home network and visited networks. The NAF e.g. in visited network indicates only the requested application, but it is unaware of the grouping in home network of the subscriber.

NOTE 3: 
If support of GBA User Security Settings (GUSS) for service differentiation is desired in combination with HLR, then this can be achieved by addition of a database to the BSF containing the needed GUSS information.

***************************NEXT CHANGE*********************************************

I.2.6
HLR 
The requirement on the HLR is the same as in 4.3.6.
***************************NEXT CHANGE*********************************************

I.3.6
Reference point Zh’

The optional reference point Zh’ used between the BSF and the HLR allows the BSF to fetch the required authentication information. 

***************************NEXT CHANGE*********************************************

I.4.11
Requirements on reference point Zh’

The requirements for reference point Zh’ are the same as in 4.4.12.
***************************NEXT CHANGE*********************************************

I.5.2
Bootstrapping procedures

When a UE wants to interact with a NAF, and it knows that the bootstrapping procedure is needed, it shall first perform a bootstrapping authentication (see figure I.3). Otherwise, the UE shall perform a bootstrapping authentication only when it has received bootstrapping initiation required message or a bootstrapping negotiation indication from the NAF, or when the lifetime of the key in UE has expired (cf. subclause I.5.3).
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Figure I.3: The bootstrapping procedure

1.
The UE sets up a confidentiality-protected TLS tunnel with the BSF. In the set up of the TLS tunnel, the UE shall authenticate the BSF by means of a certificate provided by the BSF. The UE shall check that the "realm" attribute contains the same FQDN of the BSF that was present in the certificate offered by the BSF. All further communication between ME and BSF is sent through this TLS tunnel. The UE now sends an initial HTTPS request.

2.
The BSF requests authentication vectors and GUSS from the HSS over Zh. The HSS returns the complete set of GBA user security settings (GUSS) and one 2G authentication vectors (AV = RAND, SRES, Kc) over the Zh reference point. The BSF discovers that the UE is equipped with 2G SIM by looking at the type of authentication vectors.

If the BSF implements the timestamp option and has a local copy of the GUSS for the subscriber that has been fetched from the HSS during a previous bootstrapping procedure, and this GUSS includes a timestamp, the BSF may include the GUSS timestamp in the request message. Upon receiving that timestamp, if the HSS implements the timestamp option, the HSS may compare it with the timestamp of the GUSS stored in the HSS. In this case, if and only if the HSS has done the comparison and the timestamps are equal, then the HSS shall send "GUSS TIMESTAMP EQUAL" indication to the BSF. In any other case, the HSS shall send the GUSS (if available) to the BSF. If the BSF receives "GUSS TIMESTAMP EQUAL" indication, it shall keep the local copy of the GUSS. In any other case, the BSF shall delete the local copy of the GUSS, and store the received GUSS (if sent).
In the case that no HSS is deployed, the BSF requests the authentication vector from the HLR over the Zh’ reference point. The HLR returns one 2G authentication vectors (AV = RAND, SRES, Kc) over the Zh’ reference point. The BSF discovers that the UE is equipped with 2G SIM by looking at the type of authentication vectors.


The BSF converts one 2G authentication vector (RAND, Kc, SRES) to the parameter RES. 

-RES = KDF (key, "3gpp-gba-res", SRES), truncated to 128 bits

where key = Kc || Kc || RAND and KDF is the key derivation function specified in Annex B of TS 33.220.

The BSF shall also select a 128-bit random number "Ks-input" and set

server specific data = Ks-input 
in the aka-nonce of HTTP Digest AKA, cf. [4]. 

NOTE 1:
"Truncated to 128 bits" means that from the 256 bits output of KDF, the 128 bits numbered as [0] to [127] are used.

NOTE 2:
In a multiple HSS environment, the BSF may have to obtain the address of the HSS where the subscription of the user is stored by querying the SLF, prior to step 2.

3.
The BSF shall forward RAND and server specific data in the 401 message to the UE (without RES). This is to demand the UE to authenticate itself. 

4.
The UE extracts RAND from the message and calculates the corresponding Kc and SRES values. It then calculates the parameter RES from these values as specified in step 2. 

5.
The UE sends another HTTP request, containing the Digest AKA response (calculated using RES as the password) and a cnonce (cf. [3]), to the BSF.

6.
The BSF authenticates the UE by verifying the Digest AKA response. If the authentication fails the BSF shall not re-use the authentication vector in any further communication.

NOTE 3:
The password in "AKAv1" HTTP Digest AKA is in binary format.
7.
The BSF shall generate key material Ks by computing Ks = KDF (key, Ks-input, "3gpp-gba-ks", SRES).
The B-TID value shall be also generated in format of NAI by taking the base64 encoded [12] RAND value from step 3, and the BSF server name, i.e. base64encoded(RAND)@BSF_servers_domain_name.

8.
The BSF shall send a 200 OK message, including a B-TID and an authentication-info header (cf. [3]), to the UE to indicate the success of the authentication. In addition, in the 200 OK message, the BSF shall supply the lifetime of the key Ks. 

9.
The UE shall abort the procedure if the server authentication according to [3] fails. If it is successful the UE shall generate the key material Ks in the same way as the BSF.

10.
Both the UE and the BSF shall use the Ks to derive the key material Ks_NAF for use with the procedures specified in clause I.5.3. Ks_NAF shall be used for securing the reference point Ua.

Ks_NAF is computed as Ks_NAF = KDF (Ks, "gba-me", RAND, IMPI, NAF_Id), where KDF is the key derivation function as specified in Annex B, and the key derivation parameters consist of the user's IMPI, the NAF_Id and RAND. The NAF_Id is constructed as follows: NAF_Id = FQDN of the NAF || Ua security protocol identifier. The Ua security protocol identifier is specified in Annex H. KDF shall be implemented in the ME.

NOTE 4:
If a NAF hosts two or more applications which use the same FQDN and Ua security protocol identifier, they will share the same NAF specific keys. This causes a risk of so called two-time pad which may lead to the situation that the security of these applications is compromised. This can be avoided by running bootstrapping separately to each application or by application specific means, which are however out of the scope of the current specification.

To allow consistent key derivation based on NAF name in UE and BSF, at least one of the three following prerequisites shall be fulfilled:

 (1)
The NAF is known in DNS under one domain name (FQDN) only, i.e. no two different domain names point to the IP address of the NAF. This has to be achieved by administrative means.

(2)
Each DNS entry of the NAF points to a different IP address. The NAF responds to all these IP addresses. Each IP address is tied to the corresponding FQDN by NAF configuration. The NAF can see from the IP address, which FQDN to use for key derivation.

(3)
Ua uses a protocol which transfers the host name (FQDN of NAF as used by UE) to NAF (e.g. HTTP/1.1 with mandatory Host request header field). This requires the NAF to check the validity of the host name, to use this name in all communication with UE where appropriate, and to transfer this name to BSF to allow for correct derivation of Ks_NAF.
In case of a TLS tunnel over Ua this requires either multiple-identities certificates for the NAF or the deployment of RFC 3546 [9] over Ua or other protocol means with similar purpose over Ua.


The UE and the BSF shall store the key Ks with the associated B-TID for further use, until the lifetime of Ks has expired, or until the key Ks is updated or until the deletion conditions are satisfied (see 4.4.11).
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