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1	Introduction
During RAN2#103bis meeting it was agreed that IAB design should be able to support both N:1 and 1:1 mapping of UE bearers. The reason for such approach is to be able to satisfy both the scenarios where scalability is of higher priority as well as those where achieving fine-granularity of QoS and fairness among UEs is of higher importance.
Agreements:
1. The IAB architecture should support many-to-one and one-to-one bearer mappings in a design since both mapping option provide benefits in different deployment and traffic scenarios.
2. The design should allow many-to-one and one-to-one bearer mappings to be used at the same time 
3. The unified design supports hop-by-hop ARQ.  End-to-end ARQ is not excluded for one-to-one mapping.  
4. The unified design addresses LCID-space and LCG-space limitations to support fine-granular QoS for a sufficiently large number of bearers.
5. The WI should aim for a IAB system with both bearer mapping (N-to-1 and 1-to-1) options for Rel.16.

Following those agreements, an e-mail discussion took place where the companies were requested to describe how they would like the unified design to be realized. The TP summarizing the discussion contains two examples of realization of the unified approach. In this paper we discuss the details of potential unified design realizations and compare those. We also discuss some additional issues, which were not considered in the email discussion. 
2	Potential realization of unified approach
Considering the architecture options proposed earlier, we focus on three potential unified approaches:
1. Unified design with adaptation layer above RLC
2. Unified design with adaptation layer above MAC
3. Unified design with adaptation layer above RLC and IP terminated in IAB node

2.1		Unified design with adaptation layer above RLC
The protocol UP stack for this approach is presented on Figure 1.
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Figure 1: UP protocol stack for unified design with adaptation layer above RLC

The main characteristics of this approach can be summarized in the following way:
· adaptation layer above RLC
· GTP-U on top of adaptation layer
· adapt header is used for multiplexing/demultiplexing of UE bearers on RLC channels for N:1 mapping
· adaptation header contents: 
· IAB node address for routing 
· UE bearer ID for N:1 mapping
· RLC channel can be either UE specific (1:1 mapping) or aggregated bearer specific (N:1 maping) 
· RLC can be either E2E between Donor DU and access IAB node or HbH
· 1:1 mapping is always applied between RLC channel and LCH
· LCID extension at MAC layer is required to support 1:1 mapping
· 1:1 mapping allows per UE scheduling at MAC layer

2.2	Unified design with adaptation layer above MAC
The protocol UP stack for this approach is presented on Figure 2.
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Figure 2: UP protocol stack for unified design with adaptation layer above MAC

The main characteristics of this approach can be summarized in the following way:
· adaptation layer is introduced above MAC
· GTP-U on top of RLC
· GTP-U header (TEID) is used for multiplexing/demultiplexing of UE bearers on RLC channels for N:1 mapping
· adaptation header: 
· IAB node address for routing, 
· UE ID (optional, for multiplexing RLC channels to logical channels for 1:1 mapping)
· Indication of 1:1 vs. N:1 mapping
· RLC can be either E2E between Donor DU and access IAB node or HbH
· RLC can be either UE specific (for 1:1 mapping) or aggregated bearer specific (for N:1 mapping) 
· this option allows for two (optional/configurable) multiplexing steps:
· above RLC (demultiplexing based on GTP-U header)
· above MAC (demultiplexing based on LCID and adapt)
· LCID is not extended at MAC layer
· RLC channel in the receiver is defined based on
· LCID for N:1 bearer mapping (in this case 1:1 mapping between RLC channel and LCID)
· LCID + UE ID for 1:1 bearer mappping
· 1:1 mapping allows per UE scheduling at MAC

2.3	Unified design with adaptation layer above RLC and IP terminated in IAB node
The protocol UP stack for this approach is presented on Figure 3.
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Figure 2: UP protocol stack for unified design with adaptation layer above RLC and IP terminated in IAB node
The main characteristics of this approach can be summarized in the following way:
· adaptation layer is placed above RLC
· full GTP-U/UDP/IP protocol stack is placed on top of adaptation layer
· adapt header is used for multiplexing/demultiplexing of UE bearers to RLC channels for N:1 mapping
· adaptation header: 
· IAB node address for routing
· UE bearer ID for 1:1 mapping (however it is unclear how this can be realized, please see below)
· To support 1:1 bearer mapping UE bearer ID should be visible in adaptation layer. By default, only IP flows are visible in Donor DU. In order to derive the UE bearer id, Donor DU has to read GTP-U header (TEID) in addition to IP header (destination address). 
· RLC can be either UE specific (for 1:1 mapping) or aggregated bearer specific (for N:1 mapping) 
· RLC can be either E2E between Donor DU and access IAB node or HbH
· 1:1 mapping is always applied between RLC channel and LCHs
· LCID extension at MAC layer is required to support 1:1 mapping
· 1:1 mapping allows per UE scheduling at MAC
2.4	Discussion and comparison of the options
It should be noted that now that the support for both 1:1 and N:1 mapping was agreed the discussion on which option to choose is to a large extent “a matter of taste”. All the options allow achieving scalability with N:1 mapping and granular QoS and fairness using 1:1 mapping. On the other hand, there are certain points worth clarifying and these are discussed below. 
In unified design with adaptation layer above RLC, it was proposed to have UE bearer ID in the adaptation layer while GTP-U header is still placed on top of it. Since GTP-U header contains TEID which already identifies UE bearer, this would be a redundant information and is unnecessary in adaptation layer. This of course is true assuming that GTP-U header is always carried. However, as discussed during the previous meetings this has an advantage of being able to reuse the features available at F1-U, namely flow control based on DDDS and hence it makes sense to always include GTP-U header in UP stack for any unified design. Therefore, we propose to agree that:
Proposal 1: GTP-U header is included in the UP stack for IAB regardless of the chosen unified design option.
Proposal 2: Adaptation layer header does not contain UE bearer ID, since it may be identified by TEID carried in GTP-U header.
Currently TEID is assigned by the DU serving the Access UE and therefore current TEID assignment procedure could result in same TEIDs being assigned to bearers belonging to two different UEs served by the IAB nodes in the same IAB branch. However, it should be noted that in case TEID is processed together with IAB node address in the adaptation layer, then it can be uniquely identified. Alternatively, a procedure for TEID assignment could be developed for IAB in such a way that uniqueness of TEID is ensured in the IAB branch. This should not present any challenges and could be resolved in the WI phase.
Observation 1: UE bearer can be uniquely identified using assigned TEID and IAB node ID from adaptation layer. Alternatively, a procedure for TEID assignment could be developed for IAB in such a way that uniqueness of TEID is ensured in the IAB branch. This issue can be resolved in WI phase.
Another question worth discussing is whether LCID space extension issue should be addressed via adding a separate adaptation layer on top of MAC or via extending LCID space in MAC specifications. This is directly linked to the question where the adaptation layer should be placed in the end. In our opinion it is more beneficial to place the adaptation layer above MAC and not to extend LCID space for the following reasons:
· In case adaptation layer is placed above MAC, it may be used to address LCID space extension and provide IAB node ID for routing in the same layer. With adaptation layer above RLC, we split adaptation layer functionality into two layers in fact, i.e. adaptation layer above RLC for routing and additionally LCID extension at MAC needs to be introduced.
· By introducing LCID space extension in MAC we complicate the specifications for all the UEs, even though the new functionality is intended for IAB case only. It would be a cleaner approach to keep it separated so that non-IAB related UEs do not have to consider this. It should be noted that NR already provides larger LCID space for UEs as compared to LTE and it is very unlikely that an extended LCID space will be needed for Access UEs in the foreseeable future.
Observation 2: Introducing adaptation layer above MAC would allow for handling LCID extension and routing ID in a single layer.
Observation 3: Extending LCID space in MAC specifications would unnecessarily complicate the specifications for all the UEs while the extension would be useful only for small fraction of UE implementations (i.e. those which are used in IAB nodes).
Proposal 3: Adaptation layer is introduced above MAC layer in order to address LCID extension and routing in the IAB tree.
Yet another point, which is worth noting and which was not discussed during the e-mail discussion is whether QoS context should be delivered to all the intermediate IAB nodes. In our opinion this is obligatory in case 1:1 mapping is to be used and hence we propose to agree that:
Proposal 4: UE QoS context is provided to all IAB nodes on the path to Access UE to allow for 1:1 mapping and per-UE bearer QoS enforcement.
This is proposed as a general rule, but the information needed in the IAB Donor, IAB node serving the UE and intermediate IAB nodes may be different. This should be clarified in the WI phase.
Observation 4: Which exact QoS information needs to be available in the IAB Donor, IAB node serving the UE and intermediate IAB should be clarified in the WI phase.
Lastly, we think it is worth discussing usefulness of having an IP layer present for UP protocol stack of IAB design. One of the main arguments used in favor of having an IP address is that it would allow for reusing F1-U functionalities. However, it should be noted that those do not require IP header to be present at all while functionalities like DDDS can still be reused as long as GTP-U header is always present as proposed above.
Observation 5: IP header is not required to take advantage of F1-U functionalities such as DDDS.
Another point which was raised is that management plane of the operator’s network normally relies on IP and it would be more straightforward for the IAB node to have an IP address assigned so that management system can use it. This is however a separate issue and we do not see a reason not to assign IP address to the IAB node for the sake of management system. The IAB node MT part can setup a normal PDU session and get an IP address for OAM as captured in TR 38.874, section 9.3: “IAB node’s integration procedure phase 1: IAB-node MT part setup. In this phase, IAB node MT part connects the network as a normal UE, such as IAB node MT part performs RRC connection setup procedure between donor-CU, authentication and PDU session establishment between OAM, IAB node MT part related context and bearer configuration in RAN side, and etc.”. However, keeping the IP address for all UP packets sent over IAB tree, presents pure and rather useless overhead. 
Observation 6: Not keeping IP address of an IAB node in each of the UP packets sent over IAB tree does not prevent assignment of an IP address for IAB node and using it for the sake of network management with OAM. 
[bookmark: _Hlk528844132] Proposal 5: IP layer for UP packets of Access UEs served by IAB nodes is terminated in IAB Donor DU.
3	Conclusions
This contribution discussed three potential realizations of unified approach for Architecture group 1a for IAB. The solutions differ with respect to adaptation layer placement location and with respect to the termination point of IP layer. Section 2.4 compared the solutions and following observations were made:
Observation 1: UE bearer can be uniquely identified using assigned TEID and IAB node ID from adaptation layer. Alternatively, a procedure for TEID assignment could be developed for IAB in such a way that uniqueness of TEID is ensured in the IAB branch. This issue can be resolved in WI phase.
Observation 2: Introducing adaptation layer above MAC would allow for handling LCID extension and routing ID in a single layer.
Observation 3: Extending LCID space in MAC specifications would unnecessarily complicate the specifications for all the UEs while the extension would be useful only for small fraction of UE implementations (i.e. those which are used in IAB nodes).
Observation 4: Which exact QoS information needs to be available in the IAB Donor, IAB node serving the UE and intermediate IAB should be clarified in the WI phase.
Observation 5: IP header is not required to take advantage of F1-U functionalities such as DDDS.
Observation 6: Not keeping IP address of an IAB node in each of the UP packets sent over IAB tree does not prevent assignment of an IP address for IAB node and using it for the sake of network management with OAM. 
Based on the discussion and the above observation it is proposed to agree the following:
Proposal 1: GTP-U header is included in the UP stack for IAB regardless of the chosen unified design option.
Proposal 2: Adaptation layer header does not contain UE bearer ID, since it may be identified by TEID carried in GTP-U header.
Proposal 3: Adaptation layer is introduced above MAC layer in order to address LCID extension and routing in the IAB tree.
Proposal 4: UE QoS context is provided to all IAB nodes on the path to Access UE to allow for 1:1 mapping and per-UE bearer QoS enforcement.
Proposal 5: IP layer for UP packets of Access UEs served by IAB nodes is terminated in IAB Donor DU.
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