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1
Introduction
This contribution discusses the remaining issues on IP address management for both SA and NSA. 

2
Discussion

2.1 IP address managemet for SA IAB

· IPv6 prefix

When the IAB node request the IPv6 address, the Donor-CU may either provide IP address(es), or an IPv6 prefix. The IAB node use the received IPv6 address to constructs a full IPv6 address in accordance with IETF RFC 4862. There may be no need to support a full IPv6 Stateless Address auto-configuration in accordance with IETF RFC 4862. To avoid the collosion of the IPv6 addresses constructed by different IAB nodes under the same Donor-DU, there may be two options

· Option 1: each IAB node use different interface identifier, for example, based on some rules defined in RAN2/RAN3. Donor-DU can assign the same /64 IPv6 prefix to multiple IAB nodes. But this Option requires the Donor-CU to know the IAB node’s IP address before Donor-CU configure Donor-DU for the mapping. 
· Option 2: each IAB node get a different IPv6 prefix. This option is similar to LTE UE-to-Network Relay ([1]) that “The Remote UEs shall be assigned a /64 IPv6 Prefix from a shorter IPv6 prefix by the UE-to-Network Relay.” In IAB case, the Donor-DU may be assigned with a shorter IPv6 prefix. Each IAB node get an /64 IPv6 Prefix from a shorter IPv6 prefix of the Donor-DU. When Donor-CU configures the Donor-DU for the mapping of the DL F1-C/U packets, the Donor-CU can configure the mapping based on the IPv6 prefix of the IAB node. There is no need for the Donor node to know the specific IPv6 address to be used by the IAB node. 
Option 2 is simpler than Option 1. Option 2 is silimar to an existing mechanism ([1]) in 3GPP. We prefer to adopt Option 2. 

Proposal 1: When using IPv6 prefix, the IAB nodes shall not share the IPv6 prefix.  
Proposal 2: the configured mapping in the Donor-DU can be based on the IPv6 prefix assigned to an IAB node. 
2.2 IP address managemet for NSA IAB

The NR RRC message is used to transfer the IP address request from the IAB node, and the assigned IP address to the IAB node. For IAB-MT connected in NSA mode, RRCReconfigurationComplete message is the first NR RRC message sent by IAB-MT in response to RRCReconfiguration message adding SgNB (Donor-CU). It is thus the first possible message where the IP address(es) can be requested if the assumption to use NR RRC message for the request is followed.

Figure 1 shows the signalling diagram for IAB-MT connected in NSA mode. The IP address request is sent in NR RRCReconfigurationComplete message which is encapsulated in the LTE RRCConnectionReconfigurationComplete message and which is forwarded over the X2 to SgNB. The allocated IP address is then signalled to the IAB-MT via NR RRCReconfiguration message. 

The benefit of using RRCReconfigurationComplete for IP address request is that no changes are needed for LTE RRC or X2AP specs since the IP address request is hidden into existing NR RRC message.

Observation 1: For NSA, by using RRCReconfigurationComplete for IP address request, no changes are needed for LTE RRC or X2AP spec.

OAM connection is assumed to use LTE DRB (PDN connection). In Figure 1, OAM connection is shown after the IP address allocation. However, the connection can be done immediately after the LTE DRB has been setup, i.e., after the RRCConnectionReconfigurationComplete.
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Figure 1: IP address allocation in NSA, IP address request sent with RRCReconfigurationComplete
However, if the IP address request in NSA uses new RRC message, the X2AP is impacted. An example call flow is shown as below.
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Figure 2: IP address allocation in NSA, IP address request sent with new RRC message

Figure 2 shows the IAB-node IP address allocation procedure in NSA case if a new IP Address Request NR RRC message is introduced. In order to minimize the changes to LTE RRC and X2AP, the new NR RRC message could be carried over LTE radio by using LTE ULInformationTransferMRDC message and over X2 using RRC Container in NR UE Report IE in RRC TRANSFER message, although strictly speaking the IAB-MT IP address request is not a UE report. Both LTE RRC and X2AP procedural descriptions as well as IE descriptions should be updated, however, the ASN.1 in both specs could remain unchanged unless a new IE is introduced for the IP address request in X2AP RRC Transfer message.

The benefit of applying a new NR RRC message for IP address request is that gives more freedom for the timing of the IP address request. For instance, IP address request can be sent after the OAM configuration.

Observation 2: For NSA, if a new NR RRC message is used for IP address request, some changes are needed for LTE RRC and X2AP specs, potentially even ASN.1 changes to X2AP.

It has been proposed to introduce in addition to a new UL IP address request message also a new DL IP address allocation message. We think that in that case also a new UL confirmation/complete message would be needed. In NSA case, the new DL IP address allocation message would require more changes, since DLInformationTransferMRDC message does not exist in LTE RRC. Furthermore, a new X2AP message would be needed.

Observation 3: For NSA, a new DL IP address allocation message requires significant changes to LTE RRC and X2AP spec, i.e., new messages have to be introduced also for LTE RRC and X2AP.

Based on above analysis, we prefer to use the RRCReconfigurationComplete for IP address request to avoid the changes to X2AP.
Proposal 3: For NSA, adopt RRCReconfigurationComplete for IP address request to avoid the changes to X2AP.

3
Conclusions
In this contribution, we have analysed the remaining issues for IAB IP address management. Our proposals are: 

Proposal 1: When using IPv6 prefix, the IAB nodes shall not share the IPv6 prefix.  
Proposal 2: the configured mapping in the Donor-DU can be based on the IPv6 prefix assigned to an IAB node. 
Observation 1: For NSA, by using RRCReconfigurationComplete for IP address request, no changes are needed for LTE RRC or X2AP spec.
Observation 2: For NSA, if a new NR RRC message is used for IP address request, some changes are needed for LTE RRC and X2AP specs, potentially even ASN.1 changes to X2AP.

Observation 3: For NSA, a new DL IP address allocation message requires significant changes to LTE RRC and X2AP spec, i.e., new messages have to be introduced also for LTE RRC and X2AP.

Proposal 3: For NSA, adopt RRCReconfigurationComplete for IP address request to avoid the changes to X2AP.
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#ue:UE;
mt:IAB-MT/DU;
mn:MN (eNB);
sd:SN (gNB-DU);
sn:SN (gNB-CU);
s:S-GW;
m:MME;

|||;
mark MTstart;
mt--mn:Random Access [br];
mt->mn:RRCConnectionRequest [au];
mn->mt:RRCConnectionSetup\n(SRB1 config) [au];
mt->mn:RRCConnectionSetupComplete\n(NAS message) [au];
mn->m:S1-AP: INITIAL UE MESSAGE\nNAS: Service Request [ac];
m->mn:S1-AP: INITIAL CONTEXT SETUP REQUEST [ac];
mn->mt:SecurityModeCommand [au];
mark SAstart;
mn->sn:X2AP: SgNB Addition Request [ac];
sn->sd:F1AP: UE Context Setup Request\n(BAP, BH RLC channel) [ac];
sd->sn:F1AP: UE Context Setup Response\n(bapConfig, BH-RLC-ChannelConfig) [ac];
sn->mn:X2AP: SgNB Addition Request Acknowledge\n(NR RRC Config: BAP, BH RLC channel) [ac];
mn->mt:RRCConnectionReconfiguration\n(LTE RRC: SRB2 and DRB, measConfig,\nNR RRC: BAP, BH RLC channel) [au];
mt->mn:SecurityModeComplete [au];
mt->mn:RRCConnectionReconfigurationComplete\n (NR RRCReconfigurationComplete: \c(red)IP address req\c()) [au];
mn->sn:X2AP: SgNB Reconfiguration Complete\n(NR RRCReconfigurationComplete: \c(red)IP address req\c()) [ac];
mark SAend;
mn->m:S1-AP: INITIAL CONTEXT SETUP COMPLETE [ac];

#join sd<=>sn: User Data [au];
#join sn<=>s: User Data [au];
sn->sd:\c(red)F1AP(NUA): IP address request [ac];
sd->sn:\c(red)F1AP(NUA): IP address allocation [ac];
sn->mn:X2AP: SgNB Modification Required\n(NR RRCReconfiguration: \c(red)IPaddressAddMod\c()) [ac];
mn->mt:RRCConnectionReconfiguration\n(NR RRCReconfiguration: \c(red)IPaddressAddMod\c()) [au];
mt->mn:RRCConnectionReconfigurationComplete\n (NR RRCReconfigurationComplete) [au];
mn->sn:X2AP: SgNB Modification Confirm\n(NR RRCReconfigrationComplete) [ac];
mt<=>mn: OAM Data (IP address of CU) [au];
join mn<=>s: OAM Data (IP address of CU) [au];
mark MTend;
mt--sd:Random Access Procedure [br];
mark ALstart;

mark ALend;
mark DUstart;
mt--sn:IAB-DU: SCTP connection [br];
mt->sn:F1AP: F1 SETUP REQUEST [ac];
sn->mt:F1AP: F1 SETUP RESPONSE [ac];
mt--mt:IAB-DU: Active [br];
mark DUend;
|||;

vertical brace MTstart->MTend:IAB-MT Connection Setup [n1];
vertical brace SAstart->SAend:SgNB Addition [n1];
#vertical brace ALstart->ALend:Adapt layer setup [n1];
vertical brace DUstart->DUend:IAB-DU setup [n1];
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#ue:UE;
mt:IAB-MT/DU;
mn:MN (eNB);
sd:SN (gNB-DU);
sn:SN (gNB-CU);
s:S-GW;
m:MME;

|||;
mark MTstart;
mt--mn:Random Access [br];
mt->mn:RRCConnectionRequest [au];
mn->mt:RRCConnectionSetup\n(SRB1 config) [au];
mt->mn:RRCConnectionSetupComplete\n(NAS message) [au];
mn->m:S1-AP: INITIAL UE MESSAGE\nNAS: Service Request [ac];
m->mn:S1-AP: INITIAL CONTEXT SETUP REQUEST [ac];
mn->mt:SecurityModeCommand [au];
mark SAstart;
mn->sn:X2AP: SgNB Addition Request [ac];
sn->sd:F1AP: UE Context Setup Request\n(BAP, BH RLC channel) [ac];
sd->sn:F1AP: UE Context Setup Response\n(bapConfig, BH-RLC-ChannelConfig) [ac];
sn->mn:X2AP: SgNB Addition Request Acknowledge\n(NR RRC Config: BAP, BH RLC channel) [ac];
mn->mt:RRCConnectionReconfiguration\n(LTE RRC: SRB2 and DRB, measConfig,\nNR RRC: BAP, BH RLC channel) [au];
mt->mn:SecurityModeComplete [au];
mt->mn:RRCConnectionReconfigurationComplete [au];
mn->sn:X2AP: SgNB Reconfiguration Complete [ac];
mark SAend;
mn->m:S1-AP: INITIAL CONTEXT SETUP COMPLETE [ac];

mt<=>mn: OAM Data (IP address of CU) [au];
join mn<=>s: OAM Data (IP address of CU) [au];
#join sd<=>sn: User Data [au];
#join sn<=>s: User Data [au];
mt->mn:RRC ULInformationTransferMRDC\n(NR RRC: \c(red)IPAddressRequest\c()) [au];
mn->sn:X2AP: RRC Transfer\n(NR RRC: \c(red)IP address req\c()) [ac];
sn->sd:\c(red)F1AP(NUA): IP address request [ac];
sd->sn:\c(red)F1AP(NUA): IP address allocation [ac];
sn->mn:X2AP: SgNB Modification Required\n(NR RRC Reconfiguration: \c(red)IPaddressAddMod\c()) [ac];
mn->mt:RRCConnectionReconfiguration\n(NR RRC: \c(red)IPaddressAddMod\c()) [au];
mt->mn:RRCConnectionReconfigurationComplete\n (NR RRCReconfigurationComplete) [au];
mn->sn:X2AP: SgNB Modification Confirm\n(NR RRCReconfigurationComplete) [ac];
mark MTend;
mt--sd:Random Access Procedure [br];
mark ALstart;

mark ALend;
mark DUstart;
mt--sn:IAB-DU: SCTP connection [br];
mt->sn:F1AP: F1 SETUP REQUEST [ac];
sn->mt:F1AP: F1 SETUP RESPONSE [ac];
mt--mt:IAB-DU: Active [br];
mark DUend;
|||;

vertical brace MTstart->MTend:IAB-MT Connection Setup [n1];
vertical brace SAstart->SAend:SgNB Addition [n1];
#vertical brace ALstart->ALend:Adapt layer setup [n1];
vertical brace DUstart->DUend:IAB-DU setup [n1];
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