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1	Introduction
IP address request and allocation for IAB-node in NSA and SA mode is discussed in this contribution.
2	IP address allocation in NSA
IP address allocation in NSA mode should use NR RRC messages in order to minimize changes to LTE RRC and X2AP. Furthermore, a unified solution for both SA and NSA modes is desirable.
For SA mode, RAN2 decided as a working assumption to use RRCSetupComplete message to request the IP address(es). For NSA mode, the same message is not available since the RRC connection is setup at LTE eNB using LTE RRCConnectionSetup.
In the following subsections we show the signalling diagrams for IP address allocation in NSA mode. Two alternatives are shown: using RRCReconfigurationComplete and using a new RRC message.
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.
2.1 IP address request in NSA with RRCReconfigurationComplete
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.


Figure 1: IP address allocation in NSA, IP address request sent with RRCReconfigurationComplete
2.2	IP address request in NSA with new RRC message


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.
[bookmark: _GoBack]At the same time, benefits of introducing a new IP allocation messages instead of using RRCReconfiguration are very small, if any. It has been mentioned that it would give an opportunity to reduce the signalling by one message (i.e. RRCReconfigurationComplete). This means there would be no confirmation message for IP address allocation and what we would save is just a single and small message for a procedure which is executed very infrequently. 
3	IP address allocation in SA
3.1	IP address request in SA with RRCSetupComplete

 
Figure 3 IP address allocation in SA, IP address request sent with RRCSetupComplete
RAN2#109e made a working assumption for SA that IAB-MT would send IP address request in RRCSetupComplete message. This is shown in Figure 3. The benefit is that the IP address can be allocated already in the first RRCReconfiguration message.
3.2 IP address request in SA with RRCReconfigurationComplete


Figure 4 IP address allocation in SA, IP address request sent with RRCReconfigurationComplete
An alternative for IAB-MT IP address request in SA mode is shown in Figure 4 where RRCReconfigurationComplete message is used for the IP address request. Here one of the main motivations is to align with the NSA case.
3.3	IP address request in SA with new RRC message


Figure 5 IP address allocation in SA, IP address request sent with new RRC message
Figure 5 shows an alternative for IAB-MT IP address request where a new RRC message is used for the IP address request. New RRC message gives more freedom for the timing of the IP address request and it could be done after the OAM configuration. 
3.4	Observations
For SA mode, the following observations can be made:
Observation 4: For SA, using RRCSetupComplete for IP address request requires least RRC messages (no additional messages).
Observation 5: For SA, using a new RRC message requires transmission of one more RRC message than when using RRCReconfigurationComplete.
Observation 6: The only benefit of using a new RRC message for IP address request is that it gives more freedom in the timing of the request, i.e., it is possible to wait until OAM configuration of the IAB-node has completed before sending the IP address request.
4	Discussion on OAM configuration
When using RRCSetupComplete or RRCReconfigurationComplete messages for IP address request, the request is typically sent before the OAM configuration is completed. In some cases, it may happen that based on the OAM configuration, the IP address request should be updated or even omitted. If the OAM configuration mismatches from IP address allocation point of view with the default configuration of the IAB-node, it is always possible for the IAB-MT to release the RRC connection and detach from the network and then reconnect and attach by using the new configuration. This approach is used by LTE relays. 
Observation 7: IAB-MT can disconnect/detach after OAM configuration and reconnect with the new configuration if the IP address allocation requires changes.
5	Conclusion
The IP address allocation in NSA and SA modes were discussed and the following observations were made:
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 would require significant changes to LTE RRC and X2AP spec, i.e., new messages would have to be introduced also for LTE RRC and X2AP.
Observation 4: For SA, using RRCSetupComplete for IP address request requires least RRC messages (no additional messages).
Observation 5: For SA, using a new RRC message requires transmission of one more RRC message than when using RRCReconfigurationComplete.
Observation 6: The only benefit of using a new RRC message for IP address request is that it gives more freedom in the timing of the IP address request, i.e., it is possible to wait until OAM configuration of the IAB-node has completed before sending the IP address request.
Observation 7: IAB-MT can disconnect/detach after OAM configuration and reconnect with the new configuration if the IP address allocation requires changes.
In summary, using RRCReconfigurationComplete or a new RRC message for IP address request are both viable options. A new RRC message provides some flexibility but requires changes to LTE RRC and X2AP specs in addition to NR RRC whereas with RRCReconfigurationComplete only changes to NR RRC are needed. Due to this we have a slight preference for using RRCReconfigurationComplete message.
Proposal: Select RRCReconfigurationComplete message for IP address request.
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