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This tdoc discusses:

CB: # 47_Email047-IAB_DCoperation

- note LS (0095); take into account RAN2 agreements

-  IAB-node may establish multi-connectivity multiple MTs, based on implementation or configuration; F1 SETUP REQ / GNB-DU CONFIG UPDATE may carry multiple BAP addresses for IAB topology discovery? (E///)

- how to transfer F1-C traffic over X2? (SS), (ZTE), (Nok), (HW)

- try to agree on a minimum agreeable set of functionality that conforms to RAN2 agreements

Since contributions are not quite converged, some discussions are needed and the down-selection among multiple solutions are necessary. So, this offline discussion is divided into two phases:

Phase I:  view collection to multiple issues

Deadline: Tuesday, Feb. 25, 18:00 CET
Phase II: TP formation  

Deadline: Thursday, Feb. 27, 18:00 CET
Discussion(Phase I)
2.1 Issue 1: Support on multiple MTs within one IAB node
According to IAB WID [1], IAB node operating in DC mode is supported. Currently, the DC framework has some limitations:

DC is only supported between different frequency bands;

Only 2 cell groups are currently supported;

For IAB-nodes using EN-DC, only a single NR SCG is supported. 

One alternative to overcome these limitations is to extend the DC framework in the 3GPP specifications by allowing intra-frequency DC, multiple connectivity with more than two cell groups, etc. However, a simpler approach to solve the same problem is to allow the IAB to support multiple logical MTs, which set up independent connections to the network. This approach can support any number of connections on any frequency and, from a user plane point of view, is identical to the current DC-based solution. The MT parts are operated as independent MTs with separate control RRC/NAS connections to the network, and separate BAP addresses, etc. Similar to the DC-based solution, each connection can be treated as a separate Network Interface Card (NIC) from the higher-layer point of view. With such a solution, the normal connectivity management procedure can be used for setting up the MT connections. The only additional functionality required is to ensure that the different MT connections are set up via different radio paths. Most likely, this can be supported based on IAB-node implementation, i.e. the IAB-node will only connect multiple paths if multiple parent cells are available. An added benefit of using multiple MTs is that more than 2 NR paths (or more than 1 NR path for EN-DC) can be supported without standard impacts.

If multiple MTs are established for an IAB node, the multiple MTs of a given IAB-node need to be associated/linked to the DU of the same IAB-node. For the baseline case of a single-MT IAB-node, RAN3 has agreed (from IAB BL CR for TS 38.401):

The IAB-donor CU discovers collocation of IAB MT and IAB DU from the IP address used by the IAB DU for F1-C, or from the IAB-node’s BAP address included in F1AP (e.g., F1 SETUP REQUEST). 

Thus, it needs to be discussed that whether the agreed topology discovery methods can be reused to indicate the collocation of multiple IAB-MTs with an IAB-DU, or some new methods should be defined. For example, the IAB-node MTs include the collocated-DU identifier into RRC messages.

Companies are encouraged to provide your views and comments into the tables for each issue list below.

Q1: Whether multiple MTs are established for an IAB node?

	Company 
	YES/NO
	Comments (if any)

	ZTE
	NO
	

	AT&T
	NO
	Is it necessary to enable support for multiple MTs in Release 16 at the last moment? It may be better to address this question more comprehensively when we discuss support for topological redundancy for improved robustness and load balancing in Release 17.

	Nokia
	NO
	RAN2 already discussed the multiple MT, and noted the proposal. There is no need to discuss it in RAN3. 

	QC
	No
	This is a new feature and an interesting topic for Rel-17. We should not spend time on new topics in the last meeting of the Rel-16 WI. This is guaranteed to fail for Rel-16 and we will waste a lot of time.

	Samsung
	No
	We may need more time to think this issue, and can consider to address this issue in Rel-17. 

	Ericsson
	Yes
	The reasons for this proposal are well motivated in our paper R3-200818. Moreover, the proposal for Rel16 could be to allow this *per implementation*. The spec impact is minimal, and we see no reason why this should be postponed.

	Huawei
	No
	One MT is enough, no need multiple MTs in R16.

	Futurewei
	NO
	We don’t see any reason to introduce concept of multiple MTs into the specification. In any case, this does not seem to address limitations of current DC-based solution, as these two or more MTs could very well interfere with each other, as well as with the IAB-DU’s cells. Therefore, we think that this would only serve to complicate the spec and would probably require further evaluation from RAN4 and possibly RAN1 regarding coordination of resource allocation among MTs and between MTs and DU.

Also, it is not clear to us how the network should associate these 2 or more MTs with the DU. From an architecture and protocol stack perspective, we think that this proposal would result in reopening all previous agreements/assumptions to review. We are afraid that this would be kind of opening Pandora’s box, and may jeopardise completion of the IAB WI in Rel. 16

	
	
	


Summary: According to companies’ feedback, 7 out of 8 disagree to establish multiple MTs for an IAB node. At least in Rel-16, only one MT is established for an IAB node.
Q2: If multiple MTs are established for an IAB node, how to perform the indication of DU/MT collocation?

	Company 
	Comments (if any)

	QC
	We have not even properly resolved topology discovery for a one-MT IAB-node. Why are we discussing this for multi-MT IAB nodes?

	Ericsson
	Via Opt3 – there will be one DU with multiple MTs, the message carrying the indication is F1 SETUP REQUEST or GNB-DU CONFIGURATION UPDATE.

	
	


Summary: Since IAB node with multiple MTs is not allowed according to most companies’ opinions, we do not have any proposal on Q2.
2.2 Issue 2: How to transfer F1-C traffic over X2 interface

IAB node operating in EN-DC mode is supported, in which the IAB node connects to a MeNB and SgNB simultaneously. For such an IAB node, the issue of F1AP signaling delivery was discussed during RAN2 #108 meeting, and an LS was sent to RAN3 with following agreements [2]:
	SRB2 is used for transport of all F1AP messages in EN-DC.

Extend LTE DL Information Transfer and UL Information Transfer RRC procedures for F1AP transport since they already use SRB2.

Container that carries F1AP message is carried directly in LTE RRC, i.e. there is no additional NR RRC container, assumes protocol stack of “option 1b”. 


Besides, RAN2 would like to request RAN3 to support transfer of F1AP signaling over X2 interface according to “option 1b”. Protocol stack is shown below:
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Protocol stack of “option 1b”.
Whether to use existing X2AP message or new X2AP message for transferring F1AP traffic is still under discussion, and the following options have proponents within RAN3.

Option 1: Enhancing the existing X2AP message 

Currently, in EN-DC case, MeNB and SgNB can exchange RRC message via RRC Transfer procedure. Some companies [6] proposes to extend the RRC Transfer procedure on X2 interface for F1AP transport. Similar to NR RRC message transmission, an F1AP container can be included into RRC TRANSFER IE. 

Besides, company [4] suggests that the F1AP messages related to F1 setup, e.g. F1 Setup Request/Response message, can be transferred via SgNB Addition procedure and MeNB-initiated Modification procedure. In this way, the F1 Setup procedure can be performed before that the BH RLC CH is established at en-gNB. Thus, it can speed up the F1 interface setup in EN-DC case. On the other hand, the F1 setup procedure may be failed. In this case, if the SgNB Addition procedure and MeNB-initiated Modification procedure are used to transfer F1 Setup Request message, the IAB donor CU can include F1 Setup Failure message in the response message. By this method, the en-gNB needn’t set up BH RLC CHs. 

Option 2: Defining a new X2AP message 

Proponents [3-5] consider that transferring the F1AP IP packets is quite different to current purpose of the X2AP RRC Transfer procedure, which 

is to deliver a PDCP-C PDU encapsulating an LTE RRC message to the en-gNB so that it may then be forwarded to the UE, or from the en-gNB, if it was received from the UE. Delivery status may also be provided from the en-gNB to the MeNB using the RRC Transfer.

is also to enable transfer of the NR RRC message container with the NR measurements from the MeNB to the en-gNB, when received from the UE.

is also to enable transfer of the NR RRC message container with the NR failure information from the MeNB to the en-gNB, when received from the UE.

So it is suggested to introduce a new X2AP procedure to deliver F1AP message. 

Before F1 setup, SCTP messages, e.g. INIT, INIT ACK, HEARTBEAT, etc. also need to be transferred between the IAB-DU and the Donor CU. [5] proposes that all SCTP CHUNKs can be transmitted via the same path, i.e. via the LTE leg. Otherwise, it may jeopardize the SCTP association. For example, the Heartbeat over the NR leg cannot verify whether the path via the LTE leg is ok.
Companies are encouraged to provide your views and comments into the tables for each issue list below.

Q3: Whether existing X2AP message or new X2AP message will be used?
	Company 
	Existing X2AP message/New X2AP message
	Comments (if any)

	ZTE
	New X2AP message
	Since F1AP message is independent from RRC message, it is not suitable to use RRC transfer procedure to deliver F1AP message. Hence, it is suggested to define a new X2AP message for F1AP message transfer.

	AT&T
	New X2AP message
	It is cleaner to introduce a new X2AP procedure and define a new X2AP message for transfer of F1AP messages. 

	Nokia
	New X2AP message
	Agree with AT&T and ZTE. 

	QC
	Not sure
	This is not F1AP. This is F1-C. We are committing ourselves to supporting an IP transport layer on top of X2/LTE. Anything could be routed via this IP layer. While RAN2 believes that there is some value in this, we should take a closer look at this from RAN3’s perspective. What IP addresses are used here? Who does the IP address assignment? Do we need to apply IPsec? Nobody has looked at this.

Would it be possible, for instance, to simply encapsulate F1AP (without SCTP/IP) in NR RRC, which can already be transported via X2/LTE.?This would eliminate the problems raised above (open portal to any IP traffic, IP address allocation, Ipsec).

Apart from the technical perspective: We do not see the benefit of F1AP rerouting via LTE/X2. The IAB-node already has NR RRC via X2/LTE, which it can use to send measurement reports when the NR BH plane starts to disintegrate. The IAB-donor could then perform centrally conducted topology adaptation. In case all of this fails, i.e. NR CP is gone and there is no opportunity for topology adaptation, it is not clear what benefit brings continued F1AP connectivity via LTE. 

	Samsung 
	New X2AP message 
	About the QC’s concern above, our thinking is that the IP layer contained in the container is to let the IAB donor CU know where the received F1AP message comes from, e.g., belonging to which TNL association, belonging to which type of F1AP, etc. 

	Ericsson
	We agree with QC, F1-C should be carried within NR RRC
	

	Huawei
	existing X2AP message
	The F1AP message will be encapsulated in the LTE RRC via LTE leg, and we note that the existing RRC transfer procedure has similar function to forward LTE/NR RRC message via X2, we suggest a simple way to capture the F1AP over LTE in stage 3 is introducing a new container for F1AP in the existing X2 RRC transfer procedure.

	Futurewei
	Slight preference to reuse existing X2AP message
	The main objection to reusing RRC transfer procedure seems to be related to the X2AP message name in the existing spec. We do not see any strong technical reason why the RRC Transfer could not be reused (e.g. by introducing a new F1AP Container). In fact, this seems straight forward from a specification perspective. 

Having said this, don’t have a very strong opinion on this. If companies have a clear reason to introduce a new X2AP message, we don’t have a strong objection. However, it would be better to use more generic naming than in the case of RRC Transfer, so that this same message could be reused for purposes other than F1AP message transfer in the future, if a need arises.

	
	
	


Summary: 4 out of 8 companies agree to use new X2AP message. 2 companies support existing X2AP message, e.g. RRC transfer message, but one of them does not reject new X2AP message. Two companies propose that F1-C should be carried within NR RRC. Considering that our discussion should focus on the LS from RAN2, and whether F1-C should be carried within LTE RRC is out of RAN3’s work, so we suggest to discuss the enhancement on X2AP to transfer F1-C traffic. Regarding which message is used to deliver F1-C traffic, it is obvious new X2AP message has more supporters. 
Proposal 1: Introduce a new UE-associated X2AP message to deliver F1-C traffic.
Q4: Whether other SCTP CHUNKs should be transferred between the MeNB and en-gNB?
	Company 
	YES/NO
	Comments (if any)

	ZTE
	YES
	

	AT&T
	YES
	Agree with the principle proposed in [5]. 

	Nokia
	YES
	The SCTP CHUNKS shall be transferred via the same path, as described in [5].

	Samsung 
	YES
	

	Ericsson
	No
	Please see our previous answer.

	Huawei
	Yes, but 
	To be honest, all kinds of SCTP chunks can transmitted via same path as the data chunk carry F1AP. From our viewpoint, using LTE leg to transmit chunks like SCTP heartbeat is ok. But not sure why the SCTP association establishment need to be transmitted via LTE also. It seems that the F1AP over LTE is beneficial as backup in case NR link suffers RLF, but we don’t need to use such backup path to establish SCTP association. If the NR link is not available at the beginning, the IAB node does not need to setup SCTP association via LTE since the IAB node cannot serve UEs anyway. 

	Futurewei
	
	Our assumption is that MeNB will not inspect content of IE it receives in UL Information Transfer but will transparently package it into appropriate X2AP message container, and send it to en-gNB. Similarly, in DL direction, if MeNB receives a X2AP container encapsulating F1AP from en-gNB, it should transparently package it into appropriate IE of DL Information Transfer and send it to IAB-MT. Therefore, we don’t see any technical reason why SCTP messages can not be exchanged over X2AP mechanism.

Having said this, we agree with observations from QC. It seems that we are effectively opening up an IP portal to the CU, and we need to carefully consider the implications (e.g. security) so that this does not compromise the whole design of the feature.
There seem to be many important unanswered questions to be addressed. For example:

Security of F1AP over LTE/X2AP.
How does IAB node obtain its IP address and IP address of CU? Is UP connection to OAM server only supported mechanism?

Clearly IAB node will not attempt to setup F1 until after connection to SgNB has been established. If so, why should IAB node choose to setup F1AP over LTE link, rather than over NR BH link (as already agreed).

	
	
	


Summary: According to companies’ feedback, 5 out of 7 agree that other SCTP CHUNKs should be transferred between the MeNB and en-gNB. But two companies insist that this issue needs further study.
Proposal 2: WA: the X2 interface needs to be enhanced to transfer the IP packets of the F1-C interface, which includes the F1AP, as well as other SCTP CHUNKs between the MeNB and IAB-Donor.
2.3 Issue 3: F1-C in other existing messages

In [4], some scenarios are mentioned to consider include the F1-C in some existing X2AP message. For example, F1 setup during MeNB initiated SgNB Modification procedure

The applicable scenario is that: when EN-DC is set up, the purpose is to download OAM configuration via EN-DC. After successfully downloading OAM configurations, the IAB node can trigger the F1 interface setup. However, since MeNB does not indicate to en-gNB that the node is an IAB node during EN-DC setup procedure, the BH RLC CH for F1 setup will not be established. Then, the IAB node can send the F1 Setup Request message via LTE link. After that, the MeNB can trigger a SgNB modification procedure to include such F1 Setup Request message to speed up F1 setup. Meanwhile, such SgNB modification procedure can trigger the en-gNB to configure BH RLC CH(s) to serve the IAB node. As the feedback, the en-gNB can include the F1 Setup response message in SgNB Modification Request Acknowledge message. Fig. 1 gives the call-flow. 
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Q5: should the F1-C container be included in SgNB Addition/Modification procedure related messages?
	Company 
	YES/NO
	Comments (if any)

	Samsung 
	YES
	The SgNB Addition procedure and MeNB-initiated Modification procedure can optionally include F1AP message, e.g., F1 Setup Request/Response, to speed up F1 Setup procedure. 
The SgNB Addition procedure and MeNB-initiated Modification procedure can optionally include F1AP message, e.g., F1 Setup Request/Response, to identify the potential F1 interface failure without establishing BH RLC CH. 

	Ericsson
	No way
	This proposal goes far beyond what is agreed for IAB EN-DC. If the F1AP signalling is used to configure BAP or backhaul RLC channel over the LTE-leg this can only be up to implementation/configuration.

	Huawei
	No
	Not sure I understand the problem clearly, but it seems the SgNB Addition Request has include IAB indication, and the en-gNB will know the node is an IAB node rather than normal UE, thus the above problem does not exist.

	Futurewei
	No
	Have similar understanding as Huawei. What is the issue that this proposal is trying to address?

If this is just intended to speed up F1 Setup (which we are not sure it would actually achieve), then it seems like an optimization and not essential.

	ZTE
	No
	


Summary: Since most companies disagree to include the F1-C container into SgNB Addition/Modification procedure related messages, we do not have any proposal on Q5.
Discussion(Phase II)
According to companies’ comments, RAN3 needs to further analyze the potential issues in protocol stack “option 1b”, and determine whether the protocol stack works, or a new protocol stack should be used.
3.1 Issue 1: What is the necessity for SCTP/IP in the protocol stack?
Suppose F1AP message can be delivered via LTE leg, another question is that whether SCTP/IP is really needed in the protocol stack provided by RAN2, which is shown in Figure 1. According to RAN2’s discussion, the main benefit of SCTP/IP is that in-sequence delivery and duplication detection can be supported by SCTP, without any assistance from lower layer, even when F1AP transport path is changed (via LTE (( via NR IAB) on the fly for some reasons at the lower layers [8]. 
So companies are encouraged to provide your views and comments into the table.

Q1: Whether SCTP/IP is needed in the protocol stack?

	Company 
	YES/NO
	Comments (if any)

	ZTE
	YES
	

	AT&T
	YES
	

	Nokia
	YES
	

	
	
	

	
	
	

	
	
	


Q2: How to ensure the in-sequence delivery and duplication detection, if your answer to Q1 is NO?

	Company 
	YES/NO
	Comments (if any)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3.2 Issue 2: How F1AP is secured in protocol stack “option 1b”

During RAN2 #107bis meeting, the protocol stack was discussed a lot. And an offline discussion was initiated, through the offline discussion, RAN2 concluded that there was no concern on security aspects. So rapporteur suggests to keep pace with RAN2’s conclusion [9]. However, some companies are still worried about the F1-AP security problem in option 1b. F1AP security problem was first discussed by RAN3. But after a few discussions, companies agreed the security issue should be solved by SA3, and an LS was sent to SA3. Similarly, for the security problem in option 1b, we can also ask SA3 to solve the problem. However, considering that this is the last meeting of Rel-16 WI, companies propose to solve the security issue by RAN3. Figure 2 gives an example protocol stack of SA mode scenario, where F1AP is protected by NDS. So rapporteur suggest that we can also use NDS to protect F1AP in EN-DC case.
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Figure 2: Solution 1b: Carry F1AP directly within X2AP message 
Companies are encouraged to provide your views and comments into the table.
Q3: Do you think F1AP can be secured by NDS. If no, please give your reasons? 
	Company 
	YES/NO
	Comments (if any)

	ZTE
	NO
	Security issue belongs to SA3’s work. So how to protect F1AP is up to SA3.

	AT&T
	NO
	First of all is there even an issue here? The reason NDS was introduced in SA mode is because the BH RLC channel links do not have per-link security. This is not the case for Solution 1b where both the air interface links are already secure. In the protocol stack for Solution 1b provided by RAN2, the X2-C link is protected by NDS and the LTE Uu link is protected by PDCP. So the only thing that would be protected by adding another layer of NDS to F1AP would be to secure communication between entities internal to the LTE eNB or internal to the IAB-node. This seems completely unnecessary. Also, if companies are really concerned about internal communications inside nodes, every communication internal to the LTE eNB or internal to the IAB-node should be secured regardless of this discussion.  

	
	
	

	
	
	


Q4: Do we need to send an LS to SA3, if your answer to Q3 is NO? 
	Company 
	YES/NO
	Comments (if any)

	ZTE
	YES
	

	AT&T
	NO
	We don’t see a need to send an LS to SA3 because as explained in our response to Q3, we don’t see an issue here. 

	
	
	

	
	
	

	
	
	


3.3 Issue 3: IP address allocation under protocol stack “option 1b”

Companies propose the IP address allocation in option 1b should be discussed. Indeed, we have the same concern. However, we think this IP address allocation issue is not specific to protocol stack“option 1b” of F1AP signalling delivery over LTE leg. In fact, this issue applies to generic IAB node EN-DC case. For SA mode, RAN3 has agreed that IAB-DU IP address can be allocated by OAM/donor-CU/donor-DU. For EN-DC case,all these options for IP assignment agreed so far are still workable from rapporteur’s view. Namely, IAB-DU IP address for EN-DC connected IAB node can be allocated by OAM/donor-CU/donor-DU as well. Besides, which RRC message should be used for the request and configuration of IP addresses are under discussion in RAN2. They now have the potential proposal that for IAB node using EN-DC, only IAB-donor can assign the IP address via NR RRC signaling. 

Based on this observation, rapporteur suggests that suppose such NR RRC signalling is defined to support IP address allocation of IAB nodes using EN-DC, it can be used for IAB node DU which support the F1AP signalling delivery over LTE leg. Considering that RAN2 is now discussing this, we can also wait for RAN2’s progress.
Companies are encouraged to provide your views and comments into the tables for each issue list below.
Q5: Whether the IP assignment methods agreed so far (OAM/donor-CU/donor-DU) can be re-used for IAB node in EN-DC case which support F1AP signalling over LTE leg? 

	Company 
	YES/NO
	Comments (if any)

	ZTE
	YES
	

	AT&T
	YES
	From an IP address allocation perspective, there is nothing special about Option 1b that is different from the general EN-DC case since Option 1b simply tunnels the F1AP stack through the MeNB path to the IAB-donor. If an issue is found for IP address allocation for the general EN-DC case, it should be discussed separately from this Option 1b discussion. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Q6: Which RRC message should be used for the request and configuration of IP addresses for IAB node using EN-DC and supporting F1AP signalling over LTE leg? 

Option 1: LTE RRC,

Option 2: NR RRC,

Option 3: waiting for RAN2’s progress.
	Company 
	Option 
	Comments (if any)

	ZTE
	Option 3
	

	AT&T
	Option 3
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Summary: Considering very little companies engaged in Phase II discussion, we do not have any proposal for this part. 
Conclusion
Proposal 1: Introduce a new UE-associated X2AP message to deliver F1-C traffic.
Proposal 2: WA: the X2 interface needs to be enhanced to transfer the IP packets of the F1-C interface, which includes the F1AP, as well as other SCTP CHUNKs between the MeNB and IAB-Donor.

Proposal 3: Agree with the TP of the new UE-associated X2AP message design in R3-201388.
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