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1	Introduction
The mapping of F1-C signaling to BH RLC channels was discussed in RAN2#105bis:
R2-1903964	Summary of email discussion report of [105#47][IAB] Bearer Mapping	Ericsson	discussion	Rel-16	NR_IAB-Core	Late
DISCUSSION
P1	
- 	Samsung wonders if F1-C signalling means the configuration provided by F1-C signalling. Ericsson confirms. 
- 	LG think channels for F1-C are separate. Ericsson think that the possible aggregation of F1-C signalling is a separate question and think separate channels for F1-C may be needed.  
- 	Samsung think we should separate into UP and CP. 
- 	ZTE think we didn’t discuss the F1-C message type in detail, Ericsson think there are just UE-associated, non-UE-associated messages. 
- 	Nokia wonders if we cannot have separate per-UE mapping for CP. Huawei think this is possible. 
- 	Nokia and Samsung think it is important that some UEs can have separate CP channels. 
- 	Ericsson think that at least the CP multiplexing cannot be per UE bearer, as this is not supported over current F1-C, for good reasons. 

For control plane (F1-C messages) The UL mapping in the IAB access node to BH RLC channels should be based on F1-C message type. FFS if per UE.

In this contribution, we discuss the CP mapping aspect in detail, specifically considering the current NR and NG-RAN principles of transporting F1-AP messages in a CU-DU split case.

2 	F1-AP transport in CU-DU split architecture 
The F1-C signaling transport principle are described in TS 38.472, while TS 38.473 covers the detailed F1-AP specification.
F1-AP services are divided into two groups (TS 38.473):
· Non-UE-associated services: They are related to the whole F1 interface instance between the gNB-DU and gNB-CU utilizing a non-UE-associated signaling connection.
· UE-associated services: They are related to one UE. F1-AP functions that provide these services are associated with a UE-associated signaling connection that is maintained for the UE in question.
The main requirements that are relevant to the F1-AP mapping aspect in IAB networks are (TS 38.472):
· A single SCTP association shall be employed for F1-AP elementary procedures that utilize non-UE-associated signalling with the possibility of fail-over to a new association to enable robustness. 

· A single pair of stream identifiers shall be reserved over an SCTP association for the sole use of F1-AP elementary procedures that utilize non-UE-associated signalling.

· At least one pair of stream identifiers over one or several SCTP associations shall be reserved for the sole use of F1-AP elementary procedures that utilize UE-associated signalling. However, a few pairs (i.e. more than one) should be reserved.

· For a single UE-associated signalling, the gNB-DU shall use one SCTP association and one SCTP stream, and the association/stream should not be changed during the communication of the UE-associated signalling unless TNL binding update is performed.

In TS 38.473 clause 6 it is also stated that F1-AP assumes that lower layers provide in-sequence delivery for each signaling connection, meaning that F1-AP are not able to cope with out-of-order delivery for a given signaling connection. 
Our understanding of the above requirements is that there will be at least two streams, one for non-UE-associated signaling and another for UE-associated signaling. This is to ensure that the non-UE-associated signaling will not be blocked due to a UE-associated signaling (which could have happened if the same stream was used for both). 
Several streams can be used for UE-associated signaling, but for a given UE, only one stream should be used. Employing only one stream for a given UE ensures that F1-AP messages will not be received out-of-order. For example, if separate streams were used for the same UE, an F1-AP RRC message transfer packet #1 can be sent via stream #1 and the next F1-AP RRC message transfer packet #2 sent via stream #2, and the second packet received by the DU before the first one. This is highly undesirable because the second message could be containing delta configurations on top of the first message. In such cases, receiving the second message before the first could lead to an error that may even cause the failure of the UE’s connection (e.g. triggering re-establishment). 
[bookmark: _Toc7725855]At least two streams are setup for F1-C communication between the CU and DU.
[bookmark: _Toc7725856]One stream is used solely for non-UE-associated signaling.
[bookmark: _Toc7725857]One or more streams are used for UE-associated signaling.
[bookmark: _Toc7725858]For a given UE, only one stream can be used for all the UE-associated signaling concerning this UE. 
[bookmark: _Toc7725859]Using only one stream per given UE ensures the in-order delivery of F1-AP messages.
3 	Discussion
In light of observations made in section 2, we think it makes sense to focus the discussion on mapping of F1-AP traffic to more than one BH channel based on existing principles for F1-AP to SCTP association mapping. Several alternatives can be considered, such as:
a) one BH RLC channel dedicated for both UE-associated and non-UE-associated F1-AP messages, as shown in Figure 1.

b) two BH RLC channels dedicated for CP signaling, one for UE-associated and the other for non-UE-associated signaling, as shown in Figure 2. 

c) two BH RLC channels dedicated for CP signaling, one for UE-associated and the other for non-UE-associated signaling, for each IAB node as shown in Figure 3. 

Since the throughput of CP traffic is relatively low and the backhaul link quality is expected to have high performance, it is useless to adopt fine granularity for CP traffic by mapping each UE-associated F1AP signaling messages to dedicated BH RLC channel on all the BH links of an IAB network. This will inflict signal overhead without any significant benefit. Besides, the network can always prioritize CP signaling over UP traffic. Thus, CP signaling for UEs served by an IAB node that is several hops away from IAB-donor node can be delivered within required latency, if spectrum resources enough for CP messages are available on the BH links. 
[bookmark: _Toc7725860]IAB network should not be capacity-/resource-limited for CP signaling.
[bookmark: _Toc7725861]Mapping each F1-AP UE-association to dedicated BH RLC channel will inflict signaling overhead and no obvious benefit.

It could be sufficient to have only one high priority BH RLC channel reserved for all CP traffic (i.e. option a above). Whether there will be more than one BH RLC channel dedicated to CP traffic (i.e. option b and option c) can be a network configuration option, as long as it is assured that the priority of these channels is higher than the channels used for UP traffic and that the F1-AP reordering (for a given UE-associated traffic) does not happen. 
[bookmark: _Toc7725906]The baseline for CP traffic mapping in IAB is to have one dedicated BH RLC channel, with sufficiently high priority, for all F1-AP traffic. 
[bookmark: _Toc7725907][bookmark: _Toc7452176]For fine QoS purposes based on operation choice, the CP signaling for each IAB node could be mapped to at most two BH RLC channels one for UE-associated and other for non-UE-associated F1AP messages.











[bookmark: _Toc7452177][bookmark: _Toc7724635][bookmark: _Toc7724792][bookmark: _Toc7724897]Figure 1: Example of one BH RLC channel for F1AP (both UE and non-UE-associated) signaling for all IAB nodes





Figure 2: Example of one BH RLC channel for non-UE-associated F1AP signaling and one for UE-associated F1AP signaling for all IAB nodes



Figure 3: Example of one BH RLC channel for non-UE-associated F1AP signaling and one for UE-associated F1AP signaling for each IAB node
4	Conclusion
In previous sections we made the following observations: 
Observation 1	At least two streams are setup for F1-C communication between the CU and DU.
Observation 2	One stream is used solely for non-UE-associated signaling.
Observation 3	One or more streams are used for UE-associated signaling.
Observation 4	For a given UE, only one stream can be used for all the UE-associated signaling concerning this UE.
Observation 5	Using only one stream per given UE ensures the in-order delivery of F1-AP messages.
Observation 6	IAB network should not be capacity-/resource-limited for CP signaling.
Observation 7	Mapping each F1-AP UE-association to dedicated BH RLC channel will inflict signaling overhead and no obvious benefit.

Based on the discussion in previous sections we propose the following:
Proposal 1	The baseline for CP traffic mapping in IAB is to have one dedicated BH RLC channel, with sufficiently high priority, for all F1-AP traffic.
Proposal 2	For fine QoS purposes based on operation choice, the CP signaling for each IAB node could be mapped to at most two BH RLC channels one for UE-associated and other for non-UE-associated F1AP messages.
 


[bookmark: _In-sequence_SDU_delivery]
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