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1	Introduction
[bookmark: _GoBack]The current TR 38.874 v0.5.0 contains multiple architecture variants for supporting IAB. Given that there are only two more meetings as part of the study phase of IAB and it is neither necessary nor feasible to have many options standardized, it would be highly beneficial to down select the number of architecture alternatives for further consideration as part of the work item phase.
[bookmark: _Toc525761861]It would be highly beneficial to down select the number of architecture options for further consideration during the remaining phase of the study item.
One way of doing this could be to agree on some fundamental issues affecting the architecture options which have now been sufficiently studied in the study phase. Failing to do so will risk that considerable work item time will be spent next year in doing this down selection, leaving us insufficient time to ensure the specifications of IAB are finalized in rel-16.
One such issue is the termination point of F1-AP signaling in group 1 architectures. Although all variants of 1A and 1B currently assume some form of F1-AP termination, there are some differences between the variants (e.g. where the F1-AP is terminated for transporting RRC: the access IAB node or donor DU). 
[bookmark: _Toc525761862]One open issue is where the F1-AP message carrying RRC messages should be terminated (Donor DU or access IAB node).
This contribution analyzes this issue in more detail.
2	Overview 
One functionality of the F1-AP protocol is to transfer RRC signaling. The RRC messages are encrypted/integrity protected with PDCP and encapsulated F1-AP message. RRC messages are at the moment encapsulated in the following F1-AP messages (see 38.473): 
· UE CONTEXT SETUP REQUEST
· UE CONTEXT RELEASE COMMAND
· UE CONTEXT MODIFICATION REQUEST
· UE CONTEXT MODIFICATION CONFIRM
· INITIAL UL RRC MESSAGE TRANSFER
· DL RRC MESSAGE TRANSFER
· UL RRC MESSAGE TRANSFER

All of these messages also contain F1-AP elements intended for the receiving node. Example of such information include, UE context information, addressing information, C-RNTI, DU to CU and CU to DU containers, cell IDs etc. That is, when certain RRC messages are to be sent to the UE, some F1-AP info may also be included to the DU as well that affect the DU configuration (e.g. UE context at the DU). Thus, we can’t assume F1-AP transport of RRC messages to mean just embedding the RRC message in a container inside an empty F1-AP message. 
Some observations:
[bookmark: _Toc525761863]There are many F1-AP messages transferring RRC information, not only UL/DL transfer.
[bookmark: _Toc525761864]All the messages transferring RRC information may contain additional F1-AP information elements needed by the receiving node (i.e. DU or CU).
[bookmark: _Toc525761865]Additional information elements may be added in the aforementioned F1-AP messages in the future. 
Architecture alternatives 2 and 4 terminate the F1-AP at the access IAB node, whether the F1-AP carries an RRC message destined to the UE (or a descendant IAB node’s MT) or not. On the other hand, alternatives 1, 3 and 5 terminate the F1-AP that doesn’t carry RRC messages at the access IAB node, while F1-AP that contains RRC is terminated at the Donor DU.  Since, as mentioned above, F1-AP messages that transport RRC could also contain other information elements destined to the DU, it does not make sense to have different handling of messages that contain RRC and those that do not.  
[bookmark: _Toc525761866]Since F1-AP messages can contain RRC destined to the UE (or IAB MT) as well as F1 info destined for the DU, it does not make sense to have different ways of handling F1-AP messages that contain RRC and those that do not. 
Thus, we think the solution adopted by alternatives 2 and 4, where F1-AP is always terminated at the access IAB node, is a better solution in that no enhancements are required, as compared to rel-15, to transport F1-AP and/or RRC messages. 
[bookmark: _Toc523399152][bookmark: _Toc525761867]In architecture option 1, all F1-AP signaling (including F1-AP message carrying RRC signaling) should be terminated in the access IAB node.
Assuming the proposal above is agreed, it would be possible to down select only CP alternatives 2 and 4 for further discussion in the study item phase. 
[bookmark: _Toc523399153][bookmark: _Toc525761868]Only 1A CP architecture variants 2 and 4 to be considered for further study. 

4 	Conclusion
The following observation is made:
Observation 1	It would be highly beneficial to down select the number of architecture options for further consideration during the remaining phase of the study item.
Observation 2	One open issue is where the F1-AP message carrying RRC messages should be terminated (Donor DU or access IAB node).
Observation 3	There are many F1-AP messages transferring RRC information, not only UL/DL transfer.
Observation 4	All the messages transferring RRC information may contain additional F1-AP information elements needed by the receiving node (i.e. DU or CU).
Observation 5	Additional information elements may be added in the aforementioned F1-AP messages in the future.
Observation 6	Since F1-AP messages can contain RRC destined to the UE (or IAB MT) as well as F1 info destined for the DU, it does not make sense to have different ways of handling F1-AP messages that contain RRC and those that do not.

Leading to the following proposal:
Proposal 1	In architecture option 1, all F1-AP signaling (including F1-AP message carrying RRC signaling) should be terminated in the access IAB node.
Proposal 2	Only 1A CP architecture variants 2 and 4 to be considered for further study.

It is proposed to agree to text proposal in section 5 to TR 38.874 
5	Text proposal to TR 38.874
[bookmark: _In-sequence_SDU_delivery][bookmark: _Toc525213643]8.3.4	CP alternatives for architecture 1a
In architecture 1a, the UE’s and the MT’s UP and RRC traffic can be protected via PDCP over the wireless backhaul. A mechanism has to be defined to also protect F1-AP traffic over the wireless backhaul.
The following four five alternatives can be considered. Other alternatives are not precluded.



Figure 8.3.4- 1: Example for alternative 1 of architecture 1a. 1a: UE’s RRC, 1b: MT’s RRC, 1c: DU’s F1-AP 
Alternative 1: 
Figure 8.3.4-1 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 1. In these examples, the adaptation layer is placed on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included. The example does not preclude other options. This alternative has the following main features:

· The UE’s and the MT’s RRC are carried over SRB. 
· On the UE’s or MT’s access link, the SRB uses an RLC-channel. 
· On the wireless backhaul links, the SRB’s PDCP layer is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.
· The DU’s F1-AP is encapsulated in RRC of the collocated MT. F1-AP is therefore protected by the PDCP of the underlying SRB. 
· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9).



Figure 8.3.4 -– 2: Example for alternative 2 of architecture 1a. 2a: UE’s RRC, 2b: MT’s RRC, 2c: DU’s F1-AP
Alternative 2: 
Figure 8.3.4 -– 2 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 2. In these examples, the adaptation layer resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included. The example does not preclude other options. This alternative has the following main features:
· The UE’s and the MT’s RRC are carried over SRB. 
· On the UE’s or MT’s access link, the SRB uses an RLC-channel. 
· On the wireless backhaul link, the PDCP of the RRC’s SRB is encapsulated into F1-AP. 
· The DU’s F1-AP is carried over an SRB of the collocated MT. F1-AP is protected by this SRB’s PDCP. 
· On the wireless backhaul links, the PDCP of the F1-AP’s SRB is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.
· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9)



Figure 8.3.4 -– 3: Example for alternative 3 of architecture 1a. 3a: UE’s RRC, 3b: MT’s RRC, 3c: DU’s F1-AP

Alternative 3: 
Figure 8.3.4 -– 3 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 3. In these examples, the adaptation layer resides on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included. The example does not preclude other options. This alternative has the following main features:
· The UE’s and the MT’s RRC are carried over SRB. 
· On the UE’s or MT’s access link, the RRC’s SRB uses an RLC-channel. On the wireless backhaul links, the SRB’s PDCP layer is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.
· The DU’s F1-AP is also carried over an SRB of the collocated MT. F1-AP is protected by this SRB’s PDCP. 
· On the wireless backhaul links, the PDCP of the SRB is also carried over RLC-channels with adaptation layer. 
· Within the IAB-donor, the baseline is to use native F1-C stack (see section 9).



Figure 8.3.4 -– 4: Example for alternative 4 of architecture 1a. 4a: UE’s RRC, 4b: MT’s RRC, 4c: DU’s F1-AP 
Alternative 4: 
Figure 8.3.4 -– 4 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 4. In these examples, the adaptation layer resides on top of RLC and carries an IP-layer as discussed in section 8.2.2. This alternative has the following main features:
· The IP-layer carried by adapt is connected to the fronthaul’s IP-plane through a routing function at the IAB-donor DU. On this IP-layer, all IAB-nodes hold IP-addresses, which are routable from the IAB-donor CU-CP.
· IP address assignment to the IAB node could be based Ipv6 Neighbour Discovery Protocol where the DU act as an Ipv6 router sending out ICMPv6 Router Advertisement over 1 or more backhaul bearer towards the IAB node. Other methods are not excluded.
· The extended IP-plane allows native F1-C to be used between IAB-node DU and IAB-donor CU-CP. Signalling traffic can be prioritized on this IP routing plane using DSCP markings in compliance with TS 38.474. 
· F1-C is protected via NDS, e.g. via D-TLS, as established by S3-181838.
· The UE’s and the MT’s RRC use SRB, which is carried over F1-C in compliance with TS 38.470. 



Figure 8.3.4- 5: Example for alternative 5 of architecture 1a. 5a: UE’s RRC, 5b: MT’s RRC, 5c: DU’s F1-AP 
Alternative 5: 
Figure 8.3.4-5 shows protocol stacks for UE’s RRC, MT’s RRC and DU’s F1-AP for alternative 5. In these examples, the adaptation layer is placed on top of RLC. On the IAB-node’s access link, the adaptation layer may or may not be included. The example does not preclude other options. This alternative has the following main features:
· The UE’s and the MT’s RRC are carried over SRB. 
· On the UE’s or MT’s access link, the SRB uses an RLC-channel. 
· On the wireless backhaul links, the SRB’s PDCP layer is carried over RLC-channels with adaptation layer. The adaptation layer placement in the RLC channel is the same for C-plane as for U-plane. The information carried on the adaptation layer may be different for SRB than for DRB.
· The DU’s F1-AP is carried over a DRB. F1-AP is therefore protected by this DRB’s PDCP. 
· Within the IAB-donor, the baseline is to use native F1-U stack. The DU’s F1-AP is carried over E1 interface.

Summary:
For Encapsulation (for relaying RRC messages):
· Without F1-AP Encapsulation: The IAB node doesn’t use F1-AP to carry UE’s RRC/MT’s RRC. The IAB node maps UE’s RRC/MT’s RRC directly on RLC-channels
· Using F1-AP Encapsulation: The IAB node uses F1-AP to carry UE’s RRC/MT’s RRC. The IAB node encapsulates UE’s RRC/MT’s RRC with F1-AP RRC message containers 
· Using F1-AP Encapsulation with SCTP/IP: The IAB node uses F1-AP to carry UE’s RRC/MT’s RRC. In addition, the IAB node uses SCTP/IP for adaptation layer.

For Using DRB or SRB for transmission of CP signaling (F1-AP mapping on PDCP entity):
· Encapsulated in RRC of the collocated MT: The IAB node encapsulates DU’s F1-AP. F1-AP is protected by the PDCP of the underlying SRB.
· Carried via SRB: The IAB node uses another SRB to carry DU’s F1-AP without encapsulation in RRC
· Carried over native F1-C: The IAB node uses native F1-C format to carry DU’s F1-AP
· Carried over DRB: The IAB node uses a DRB to carry DU’s F1-AP.

For Security of F1-AP:
· Via PDCP: F1-AP is protected by the PDCP
· Via DTLS: F1-AP is protected by the DTLS
[bookmark: _Ref516822488]The comparison analysis of the five CP alternatives are provided in the Table 8.3.4-x. More comparison aspects are not excluded.
Table 8.3.4-1. Comparison of the five CP alternatives of architecture 1a 
	Comparison aspects
	Alt 1
	Alt 2
	Alt 3
	Alt 4
	Alt 5
	Comparison analysis

	Transport for CP signaling on wireless plane
	UE/IAB-MT’s RRC
	SRB in access link, SRB over RLC channel in backhaul links
	Same as alt 1
	Same as alt 1
	Same as alt 1
	Same as alt 1
	SRB is recommended to carry UE/IAB-MT’s RRC signaling in all the alternatives.
[TBD for IAB DU’s F1AP]

	
	IAB-DU’s F1AP 
	SRB of collocated MT
	Same as alt 1
	Same as alt 1
	DRB
	[TBD]
	

	Encapsulation 
	UE/IAB-MT’s RRC
	Within PDCP but without encapsulation in F1-AP of serving IAB node
	Within  PDCP and F1-AP of serving IAB node
	Same as alt 1
	Same as alt 2
	Same with alt 1
	[TBD]

	
	IAB-DU’s F1AP
	Within RRC of collocated MT
	Within PDCP of collocated MT
	Same as Alt 2
	Within DTLS/SCTP/IP above RLC channel
	Within PDCP of collocated MT
	[TBD]

	Security of F1AP
	Protected by PDCP 
	Same as alt 1
	Same as alt 1
	Protected by DTLS
	Protected by PDCP
	[TBD]

	Routing of control plane PDUs
	Adaptation layer is responsible for routing
	Same as alt 1
	Same as alt 1
	Same as alt 1
	Same as alt 1
	In all alternatives, the adaptation layer is used for routing.

	Impact to IAB donor
	Native F1-C as baseline
	Same as alt 1
	Same as alt 1
	[TBD]
	Native F1-C over E1
	[TBD]
The detailed impact on native F1-AP needs further study.

	Uplink Scheduling in IAB Networks
	No
	Yes 
	No
	Yes 
	No
	Solution 1, 3, 5 transmit F1-AP and RRC messages in  different ways, thereby not being able to transport F1-AP messages to the IAB node that have embedded RRC message to the UE.




	4/11	
image1.emf
CU-CP

IAB-donor

PDCP

RRC

PDCP

IAB-node 2

RLC

RRC

RLC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

F1-AP

F1-AP

MT

DU

PDCP

RRC

PDCP

RLC

RRC

RLC Adapt

RLC

Adapt

RLC

F1-AP

SCTP

IP

F1-AP

SCTP

IP

Adapt

RLC

Adapt

RLC

CU-CP

IAB-donor IAB-node 2

DU DU MT

IAB-node 1

MT

DU

UE

CU-CP

IAB-donor

PDCP

RRC

PDCP

IAB-node 2

RLC

RRC

RLC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

MT

DU

a)

b)

c)

UE’s SRB

BH RLC channel

Intra-donor F1-C

MT’s SRB

BH RLC channel

Intra-donor F1-C

MT’s SRB

BH RLC channel

Intra-donor F1-C

Adapt Adapt

Adapt Adapt


Microsoft_Visio_2003-2010_Drawing.vsd

image2.emf
CU-CP

IAB-donor

PDCP

F1-AP

PDCP

IAB-node 2

RLC

F1-AP

RLC

RLC RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

RRC RRC

DU MT

PDCP

PDCP

CU-CP

IAB-donor

PDCP

F1-AP

PDCP

IAB-node 2

F1-AP

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

RRC RRC

DU MT

PDCP PDCP

RLC RLC

RLC

RLC

UE

CU-CP

IAB-donor

PDCP

F1-AP

PDCP

IAB-node 2

F1-AP

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

DU MT

RLC RLC

a)

b)

c)

UE’s SRB

MT’s SRB

BH RLC channel

Intra-donor F1-C

MT’s SRB

MT’s SRB

Intra-donor F1-C

MT’s SRB

BH RLC channel

Intra-donor F1-C

Adapt Adapt

Adapt

Adapt

Adapt

Adapt

Adapt Adapt


Microsoft_Visio_2003-2010_Drawing1.vsd

image3.emf
CU-CP

IAB-donor

PDCP

F1-AP

PDCP

IAB-node 2

RLC

F1-AP

RLC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

MT

DU

PDCP

RRC

PDCP

RLC

RRC

RLC Adapt

RLC

Adapt

RLC

F1-AP

SCTP

IP

F1-AP

SCTP

IP

Adapt

RLC

Adapt

RLC

CU-CP

IAB-donor IAB-node 2

DU DU MT

IAB-node 1

MT

DU

UE

CU-CP

IAB-donor

PDCP

RRC

PDCP

IAB-node 2

RRC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

MT

DU

a)

b)

c)

UE’s SRB

BH RLC channel

Intra-donor F1-C

MT’s SRB

BH RLC channel

Intra-donor F1-C

MT’s SRB

BH RLC channel

Intra-donor F1-C

RLC RLC

Adapt Adapt

Adapt Adapt


Microsoft_Visio_2003-2010_Drawing2.vsd

image4.emf
CU-CP

IAB-donor

SCTP

F1-AP

SCTP

IAB-node

RLC F1-AP RLC

DU DU MT

IAB-node

RRC RRC

DU MT

PDCP PDCP

CU-CP

IAB-donor

IAB-node F1-AP

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node SCTP

IP

RRC

RRC

DU MT

PDCP

PDCP

RLC

RLC

UE

CU-CP

IAB-donor

IAB-node

DU DU MT

IAB-node

DU MT

a)

b)

c)

UE’s SRB

BH RLC channel

BH RLC channel

Intra-donor F1-C

MT’s SRB

BH RLC-channel

Intra-donor F1-C

BH RLC-channel BH RLC-channel Intra-donor F1-C

IP

Adapt

RLC

Adapt

RLC

F1-AP

SCTP

IP

Adapt

RLC

IP IP

Adapt

RLC

IP

F1-AP

Adapt

RLC

Adapt

RLC

SCTP

IP

IP

Adapt

RLC

Adapt

RLC

F1-AP

SCTP

IP

DTLS DTLS

DTLS DTLS

DTLS DTLS

IP

IP

IP

IP IP

IP IP


Microsoft_Visio_2003-2010_Drawing3.vsd

image5.emf
CU-CP

IAB-donor

PDCP

IAB-node 2

RLC RLC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

GTP-U

UDP

IP

E1-AP

SCTP

IP

F1-AP

F1-AP

MT

DU

PDCP

RRC

PDCP

RLC

RRC

RLC Adapt

RLC

Adapt

RLC

F1-AP

SCTP

IP

F1-AP

SCTP

IP

Adapt

RLC

Adapt

RLC

CU-CP

IAB-donor IAB-node 2

DU DU MT

IAB-node 1

MT

DU

UE

CU-CP

IAB-donor

PDCP

RRC

PDCP

IAB-node 2

RLC

RRC

RLC

Adapt

RLC

Adapt

RLC

DU DU MT

IAB-node 1

F1-AP

SCTP

IP

F1-AP

SCTP

IP

MT

DU

a)

b)

c)

UE͛s SRB

BH RLC channel

Intra-donor F1-C

MT͛s SRB

BH RLC channel

Intra-donor F1-C

MT͛s DRB

BH RLC channel

Intra-donor E1

Adapt Adapt

Adapt Adapt

GTP-U

UDP

E1-AP

SCTP

IP

IP

CU-UP

Intra-donor F1-U

PDCP


Microsoft_Visio_2003-2010_Drawing4.vsd

