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[3]
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[4]
3GPP TS 33.102: "3G security; Security architecture".

[5]
3GPP TS 33.210: "3G security; Network Domain Security (NDS); IP network layer security".

[6]
3GPP TS 33.310: "Network Domain Security (NDS); Authentication Framework (AF)".
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IETF RFC 4303: "IP Encapsulating Security Payload (ESP)".

[8]
3GPP TS 33.220: "Generic Authentication Architecture (GAA); Generic bootstrapping architecture".

[9]
3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3".

[10]
IETF RFC 2104 (1997): "HMAC: Keyed-Hashing for Message Authentication".

[11]
ISO/IEC 10118-3 (2004): "Information Technology - Security techniques - Hash-functions - 
Part 3: Dedicated hash-functions".

[12]

3GPP TS 36.323: "Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data Convergence Protocol (PDCP) specification"

[13]
3GPP TS 31.102: "Characteristics of the Universal Subscriber Identity Module (USIM) application".

[14]
3GPP TS 35.215: "Confidentiality and Integrity Algorithms UEA2 & UIA2; Document 1: UEA2    and UIA2 specifications"
[15]
NIST: "Advanced Encryption Standard (AES) (FIPS PUB 197)"

[16]
NIST Special Publication 800-38A (2001): "Recommendation for Block Cipher Modes of Operation".
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NIST Special Publication 800-38B (2001): "Recommendation for Block Cipher Modes of Operation: The CMAC Mode for Authentication".
[18]
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[19]
Void

[20]
Void

[21]
3GPP TS 36.331:"Evolved Universal Terrestrial Radio Access (E-UTRA) Radio Resource Control (RRC); Protocol specification".
[22]
3GPP TS 23.216: "Single Radio Voice Call Continuity (SRVCC); Stage 2".
[23]
3GPP TS 22.101: "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Service aspects; Service principles".
*** BEGIN 2nd CHANGE ***
7.2.4.5
AS security mode command procedure

The AS SMC procedure consists of a roundtrip of messages between eNB and UE. The eNB sends the AS security mode command to the UE and the UE replies with the AS security mode complete message. See figure 7.2.4.5-1.

The AS security mode command message from eNB to UE shall contain the selected AS algorithms. This message shall be integrity protected with RRC integrity key based on the current KASME. 

The AS security mode complete message from UE to eNB shall be integrity protected with the selected RRC algorithm indicated in the AS security mode command message and RRC integrity key based on the current KASME.

RRC and UP downlink ciphering (encryption) at the eNB shall start after sending the AS security mode command message. RRC and UP uplink deciphering (decryption) at the eNB shall start after receiving the AS security mode complete message. 

RRC and UP uplink ciphering (encryption) at the UE shall start after sending the AS security mode complete message. RRC and UP downlink deciphering (decryption) at the UE shall start after receiving the AS security mode command message 

If any control of the AS security mode command is not successful in the ME, the ME shall reply with an unprotected security mode failure message (see TS 36.331[21]).

AS security mode command always changes the AS keys.
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Figure 7.2.4.5-1: AS security setup

*** BEGIN 3rd CHANGE ***
7.2.5.2.2
With existing EPS NAS security context
If there is an EPS NAS security context, the UE shall transmit a NAS Attach Request message. This message shall be integrity protected, and the NAS COUNT of the Attach Request message shall be used to derive the KeNB with the KDF as specified in Annex A. As a result of the NAS Attach Request, the eNB shall send an AS SMC to the UE to activate AS security. The KeNB used, is derived in the current EPS NAS security context.
When the UE receives the AS SMC, it shall use the NAS COUNT of the Attach/Service Request message (i.e. the uplink NAS COUNT) that triggered the AS SMC to be sent as freshness parameter in the derivation of the KeNB. From this KeNB the RRC protection keys and the UP protection keys shall be derived as described in subclause 7.2.1. 

The same procedure for refreshing KeNB can be used regardless of the fact if the UE is connecting to the same MME to which it was connected previously or to a different MME. In case UE connects to a different MME and this MME supports different NAS algorithms, the NAS keys have to be re-derived in the MME with the new algorithm IDs as input using the KDF as specified in Annex A. 

In addition, there is a need for the MME to send a NAS SMC to the UE to indicate the change of NAS algorithms and to take the re-derived NAS keys into use. The UE shall assure that the NAS keys used to verify the integrity of the NAS SMC are derived using the algorithm ID specified in the NAS SMC. The NAS SMC Command and NAS SMC Complete messages are protected with the new keys.

If the USIM supports EMM parameters storage, the ME shall mark the stored EPS NAS security context on the USIM as invalid at the end of the transition away from EMM-DEREGISTRED. Otherwise, the ME shall mark the stored EPS NAS security context on its non-volatile memory as invalid at the end of the transition. 
7.2.5.2.3
With run of EPS AKA

If there is no EPS NAS security context available an EPS AKA run is required. If there is an EPS NAS security context available the MME may decide to run an EPS AKA and a NAS SMC procedure (which activates the EPS NAS security context based on the KASME derived during the EPS AKA run) after the Attach Request but before the corresponding AS SMC), the NAS (uplink and downlink) COUNTs are reset to start values, and the start value of the uplink NAS COUNT shall be used as freshness parameter in the KeNB derivation from the fresh KASME (after AKA) when UE receives AS SMC the KeNB is derived from the current EPS NAS security context, i.e., the fresh KASME is used to derive the KeNB. The KDF as specified in Annex A shall be used to derive the KeNB.

NOTE:
Using the start value for the uplink NAS COUNT in this case cannot lead to the same combination of KASME and NAS COUNT being used twice. This is guaranteed by the fact that the first integrity protected NAS message the UE sends to the MME after AKA is the NAS SMC complete message. 

The NAS SMC complete message shall include the start value of the NAS COUNT that is used as freshness parameter in the KeNB derivation and the KASME is fresh. After an AKA, a NAS SMC needs to be sent from the MME to the UE in order to take the new NAS keys into use. Both NAS SMC and NAS SMC Complete messages are protected with the new NAS keys.

If the USIM supports EMM parameters storage, the ME shall mark the stored EPS NAS security context on the USIM as invalid. Otherwise, the ME shall mark the stored EPS NAS security context on its non-volatile memory as invalid.
*** BEGIN 4th CHANGE ***
7.2.6.2
ECM-IDLE to ECM-CONNECTED transition 
The procedure the UE uses to transit from ECM-IDLE to ECM-CONNECTED when in EMM-REGISTERED state is initiated by a NAS Service Request message from the UE to the MME. As the UE is in EMM-REGISTERED state, an EPS security context exists in the UE and the MME, and this EPS security context further contains uplink and downlink NAS COUNTs. The NAS Service Request message sent in EMM-REGISTERED shall be integrity protected and contain the next-in-sequence uplink NAS sequence number.

Upon receipt of the NAS Service Request message, the MME shall derive key KeNB as specified in subclause A.3 using the NAS COUNT [9] corresponding to the NAS Service Request and the KASME of the current EPS NAS security context. The MME shall further initialize the value of the Next hop Chaining Counter (NCC) to one. The MME shall further derive a next hop parameter NH as specified in subclause A.4 using the newly derived KeNB and the KASME as basis for the derivation. This fresh {NH, NCC=1} pair shall be stored in the MME and shall be used for the next forward security key derivation. The MME shall communicate the KeNB to the serving eNB in the S1-AP procedure INITIAL CONTEXT SETUP. The UE shall derive the KeNB from the KASME of the current EPS NAS security context,
As a result of the NAS Service Request, radio bearers are established, and the eNB sends an AS SMC to the UE. When the UE receives the AS SMC, it shall use the NAS uplink COUNT of the NAS Service Request message that triggered the AS SMC as freshness parameter in the derivation of the KeNB. The KDF as specified in Annex A shall be used for the KeNB derivation using the KASME of the current EPS NAS security context. The UE shall further derive the NH parameter from the newly derived KeNB and the KASME in the same way as the MME. From the KeNB the RRC protection keys and the UP protection keys are derived by the UE and the eNB as described in subclause 6.2.

If the ECM-IDLE to ECM-CONNECTED procedure contains an EPS AKA run and a NAS SMC procedure (which are optional), the NAS uplink and downlink COUNT shall be reset to the start values, and the value of the uplink NAS COUNT shall be used as freshness parameter in the KeNB derivation from fresh KASME of the current EPS NAS security conetxt when executing an AS SMC. The KDF as specified in Annex A shall be used for the KeNB derivation also in this case.

On transitions to ECM-CONNECTED, the MME should be able to check whether a new authentication is required, e.g. because of prior inter-provider handover. 

If the USIM supports EMM parameters storage, the ME shall mark the stored EPS NAS security context on the USIM as invalid. Otherwise, the ME shall mark the stored EPS NAS security context in its non-volatile memory as invalid.
*** BEGIN 5th CHANGE ***
7.2.8.4.2
X2-handover

As in intra-eNB handovers, for X2 handovers the source eNB shall perform a vertical key derivation in case it has a fresh {NH, NCC} pair. The source eNB shall first compute KeNB* from target PCI, its frequency EARFCN-DL ,and either from currently active KeNB in case of horizontal key derivation or from the NH in case of vertical key derivation as described in Annex A.5. The target eNB shall associate the NCC value received from source eNB with the KeNB.
Next the source eNB shall forward the {KeNB*, NCC} pair to the target eNB. The target eNB shall include the received NCC into the prepared HO Command message, which is sent back to the source eNB in a transparent container and forwarded to the UE by source eNB. The target eNB shall use the received KeNB* directly as KeNB to be used with the UE. 

When the target eNB has completed the handover signaling with the UE, it shall send a S1 PATH SWITCH REQUEST to the MME. Upon reception of the S1 PATH SWITCH REQUEST, the MME shall increase its locally kept NCC value by one and compute a new fresh NH by using the KASME and its locally kept NH value as input to the function defined in Annex A.4. The MME shall then send the newly computed {NH, NCC} pair to the target eNB in the S10 PATH SWITCH REQUEST ACKNOWLEDGE message. The target eNB shall store the received {NH, NCC} pair for further handovers and remove other existing unused stored {NH, NCC} pairs if any.

NOTE 1: In case the S1 PATH SWITCH REQUEST ACKNOWLEDGE was not received by the target eNB before the next handover or the S1 PATH SWITCH REQUEST ACKNOWLEDGE was lost, the target eNB does not hold a {NH, NCC} pair and can hence only perform a horizontal key derivation at the next handover. 

NOTE 2: Because the path switch message is transmitted after the radio link handover, it can only be used to provide keying material for the next handover procedure and target eNB. Thus, for X2-handovers key separation happens only after two hops because the source eNB knows the target eNB keys. The target eNB can immediately initiate an intra-cell handover to take the new NH into use once the new NH has arrived in the S1 PATH SWITCH REQUEST ACKNOWLEDGE.
*** BEGIN 6th CHANGE ***
7.4
RRC security mechanisms

7.4.1
RRC integrity mechanisms

RRC integrity protection shall be provided by the PDCP layer between UE and eNB and no layers below PDCP shall be integrity protected. 

The use and mode of operation of the 128-EIA algorithms are specified in Annex B.

The input parameters to the 128-bit EIA algorithms as described in Annex B are an 128-bit integrity key KRRCint as KEY,, a 5-bit bearer identity BEARER which value is assigned as specified by TS 36.323 [12], the 1-bit direction of transmission DIRECTION and a bearer specific, time and direction dependent 32-bit input COUNT which corresponds to the 32-bit PDCP COUNT.

The supervision of failed RRC integrity checks shall be performed both in the ME and the eNB. In case of failed integrity check (i.e. faulty or missing MAC-I) is detected after the start of integrity protection, the concerned message shall be discarded.  This can happen on the eNB side or on the ME side.

NOTE: This text does not imply that the concerned message is silently discarded. In fact, TS 36.331 [21] specifies that the UE shall trigger a recovery procedure upon detection of a failed RRC integrity check. When the cause for integrity protection failure is not a context mismatch, such as a key or HFN mismatch, the run of a recovery procedure unnecessarily adds load to the system. However, in the absence of a means for the UE to reliably detect the cause of an integrity protection failure and the fact that the only identified consequence of an active attack is limited to non-persistent DoS effects, priority was given to a procedure allowing recovery from the deadlock caused by a context mismatch.

7.4.2
RRC confidentiality mechanisms

RRC confidentiality protection is provided by the PDCP layer between UE and eNB. 

The use and mode of operation of the 128-EEA algorithms are specified in Annex B.

The input parameters to the 128-bit EEA algorithms as described in Annex B are an 128-bit cipher Key KRRCenc as KEY, a 5-bit bearer identity BEARER which corresponds to the radio bearer identity, the 1-bit direction of transmission DIRECTION, the length of the keystream required LENGTH and a bearer specific, time and direction dependent 32-bit input COUNT which corresponds to the 32-bit PDCP COUNT.
7.4.3
KeNB* and token preparation for the RRCConnectionRe-establishment Procedure

The KeNB* and token calculation at handover preparation are cell specific instead of eNB specific. At potential RRC Connection re-establishment (e.g, in handover failure case), the UE may select a cell different from the target cell to initiate the re-establishment procedure. To ensure that the UE RRCConnectionRe-establishment attempt is successful when the UE selects another cell under the control of the target eNB at handover preparation, the serving eNB should prepare multiple KeNB*s and tokens for mulitple cells which are under the control of the target eNB. 

The preparation of these cells includes sending security context containing a KeNB* and a token for each cell to be prepared, as well as the corresponding NCC and UE supported security algorithms to the target eNB. The source eNB shall derive the KeNB*s as described in Annex A.5 based on the corresponding target cell’s physical cell ID and frequency. Additionally, the source eNB shall derive and the tokens as described below.
When an RRCConnectionReestablishmentRequest is initiated by the UE to access one of the cells which is under in the target eNB’s control, the UE shall use the token and the KeNB* that correspond to the selected cell. The UE shall derive KeNB* as described in Annex A.5 based on the target cell’s physical cell ID and frequency. Additionally, the UE shall derive the token as described below. 
This message is transmitted over SRB0 and hence not integrity protected. The RRCConnectionReestablishmentRequest shall contain the token corresponding to the cell the UE tries to reconnect to. 

In order to calculate the token, the negotiated EIA-algorithm from the AS Security context from the source eNB shall be used with the following inputs: source C-RNTI, source PCI and target Cell-ID as defined by VarShortMAC-Input in TS 36.331 [21], where source PCI and source C-RNTI are associated with the cell the UE last had an active RRC connection with and target cell ID is the identity of the target cell where the RRCConnectionReestablishmentRequest is sent to.
- KEY shall be set to KRRCint of the source cell;

- all BEARER bits shall be set to 1;

- DIRECTION bit shall be set to 1;

- all COUNT bits shall be set to 1.

The token shall be the 16 least significant bits of the output of the used integrity algorithm.

The target eNB receiving the RRCConnectionReestablishmentRequest shall respond with an RRCConnectionReestablishment message containing the NCC received during the preparation phase if the token is valid, otherwise the target eNB shall reply with an RRCConnectionReestablishmentReject message. The RRCConnectionReestablishment and RRCConnectionReestablishmentReject messages are also sent on SRB0 and hence not integrity protected. Next the target eNB and UE shall derive KeNB. The UE shall respond with an integrity protected and ciphered RRCReestablishmentComplete on SRB1. The RRCConnectionReconfiguration procedure used to re-establish the remaining radio bearers shall only include integrity protected and ciphered messages.
*** BEGIN 7th CHANGE ***
7.2.9.2
KeNB re-keying

The re-keying procedure is initiated by the MME after a successful AKA run with the UE to activate a new EPS security context, or to re-activate a native EPS security context after handover from GERAN or UTRAN according to subclauses 9.2.2.1 and 10.3.2. 

In case the procedure is initiated by the MME after a successful AKA run with the UE, the MME derives the new KeNB using the same key derivation function as is used for ECM-IDLE to ECM-CONNECTED state transitions (see Annex A) using the new KASME and the NAS COUNT used in the NAS Security Mode Complete message. The KeNB is sent to the eNB after a successfully completed NAS SMC in a S1 AP UE CONTEXT MODIFICATION REQUEST message triggering the eNB to perform the re-keying. The eNB runs the key-change-on-the-fly procedure with the UE. During this procedure the eNB shall indicate to the UE that a key change on-the-fly is taking place. The procedure used is based on an intra-cell handover, and hence the same KeNB derivation steps shall be taken as in a normal handover procedure. 
When the UE receives an indication that the procedure is a key change on-the-fly procedure, the UE shall use the KASME from the current EPS NAS security context as the basis for KeNB derivations.

NOTE x: To perform a key change on-the-fly of the entire key hierarchy, the MME has to change the EPS NAS security context before changing the AS security context.

If the UE has determined that the eKSI has changed, the UE shall derive a temporary KeNB by applying the same key derivation function as is used in ECM-IDLE to ECM-CONNECTED state transitions (see Annex A) using the NAS COUNT in the NAS Security Mode Complete message and the new KASME as input. From this temporary KeNB the UE shall derive the KeNB* as normal (see Annex A). The eNB shall take the KeNB it received from the MME, which is equal to the temporary KeNB, as basis for its KeNB* derivations. From this step onwards, the key derivations continue as in a normal handover.
If the AS level re-keying fails, then the MME shall complete another NAS security mode procedure before initiating a new AS level re-keying. This ensures that a fresh KeNB is used.

In case the re-keying procedure is initiated by the MME to re-activate a native EPS security context after handover from GERAN or UTRAN the same procedure as above applies. 


NOTE: It is left to stage 3 specifications whether re-keying and inter-cell handover can be combined, and, if not, in which order these two procedures are executed.

*** END of  7th CHANGE ***
*** BEGIN 8th CHANGE ***
9.2.2
From UTRAN to E-UTRAN

9.2.2.1
Procedure

The procedure for handover from UTRAN to E-UTRAN, as far as relevant for security, proceeds in the following two consecutive steps:

A) Handover signalling using the mapped security context (cf. also Figure 9.2.2.1-1);

B) Subsequent NAS signalling to determine whether a native context is taken in use (not shown in Figure).

The activation of NAS and AS security in E-UTRAN, and selection of the key set from the source system for the handover shall be according to following principles: 

i) As described for inter-SGSN PS handover cases in TS 33.102 [4], the source SGSN shall select the key set from the latest AKA and transfer this key set to the MME in the Forward Relocation Request.

NOTE x: The MME is considered as a target SGSN in case of Gn/Gp interface.

ii) Activation of AS security (for details cf. TS 36.331 [21]):

The E-UTRAN HO command received at the UE shall activate AS security.
The HO Complete received at the eNB shall activate AS security.

iii) Activation of NAS security (for details cf. TS 24.301 [9]): 

The E-UTRAN HO command received at the UE shall activate NAS security.

The HO Notify received at the MME shall activate NAS security. In case the MME does not have the UE security capabilities stored from a previous visit, then no NAS message shall be sent or accepted by the MME other than a TAU request before a successful check of the UE security capabilities in the TAU request was performed by the MME.

iv) Both AS and NAS ciphering and integrity protection algorithms shall be selected according to the policy of the target PLMN.

The above four principles consequentially always activate ciphering (potentially NULL ciphering) in E-UTRAN even if it was not active in the source system.
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Figure 9.2.2.1-1: Handover from UTRAN to E-UTRAN
*** END of  8th CHANGE ***
*** BEGIN of  9th CHANGE ***
A.11 K’ASME from CK, IK derivation during idle mode mobility (S19)

This input string is used when there is a need to derive a K'ASME from CK || IK, NONCEUE, and NONCEMME during mapping of security contexts from GERAN/UTRAN to E-UTRAN. K'ASME is a 256-bit entity, and so is the concatenation of CK and IK (which are 128 bits each). The following input parameters shall be used, where NONCEs are 32 bits long.

· FC = 0x19,

· P0 = NONCEUE
· L0 = length of the NONCEUE (i.e. 0x00 0x04)

· P1 = NONCEMME
· L1 = length of the NONCEMME (i.e. 0x00 0x04)

The input key shall be the concatenation of CK || IK.
*** END CHANGES ***
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K'ASME = KDF (CK, IK, NONCE)
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