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1 Introduction

In last RAN2#103bis, based on discussions about architecture 1a, it was agreed that a Rel. 16 WI should aim for an IAB system that supports both N-to1 and 1-to-1 mapping of UE bearers to BH RLC channels, within the context of a unified design. The following summarizes the agreements for the unified design [1].
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In this contribution, we provide more details about how to enable the unified design to support both many-to-one and one-to-one bearer mapping.
2 Two possible solutions for unified design
Figure 1 outlines two possible solutions for the L2 structure that can enable the unified design. 
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Solution 1. Each RLC channel is mapped to one specific Logical channel
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Solution 2. Multiple 1:1 bearer mapped RLC channels are mapped into a common Logical channel
Figure 1 Two possible L2 structures for unified IAB design

Solution 1 - LCID space extension:
For Solution 1, each BH RLC channel corresponds to one specific logical channel, and thus the backhaul (BH) LCID space should be extended in order to support a potentially large number of bearers for UEs served by downstream IAB nodes. At the BH transmitter side, after the processing in the RLC entity, the packets belonging to different RLC channels will be delivered to the MAC entity via different logical channels and could be multiplexed in a MAC PDU. Therefore, the receiving side has to determine which RLC entity is the target of the MAC SDU according to the LCID carried in the MAC sub-header. In other words, the adaptation information (e.g. UE ID, UE bearer ID) is unnecessary for the layers below RLC. Only for N:1 bearer mapping, in order to identify the UE and UE bearer for some purpose, e.g. routing, QoS enforcement, the BH transmitter side needs to add some adaptation information (e.g. UE ID, UE bearer ID, etc.) before delivering the packet to RLC entity.
As proposed in [3], using the destination node address is an option for route selection. The destination node address could refer to the UE or the access IAB node. It should be noted that, even if the access IAB node is the destination node for route selection, the IAB node address does not need to be included in each user plane data PDU for routing purposes. A routing table can map UE IDs with the serving IAB node address. Such a table can be configured and established at each IAB node along the routing path, and the user plane overhead can be further reduced in this way.
On the other hand, if the UE bearer is 1:1 mapped to a BH RLC channel, the UE and UE bearer can be identified through the LCID. Thus the UE ID and UE bearer ID themselves do not need to be included in the adaptation information since the RLC entity is specific to a single UE bearer. Consequently, if the adaptation information only contains UE ID and UE bearer ID, adaptation information is not needed at all for 1:1 map bearers if LCID space extension is used. 
Observation 1: for N:1 mapping, UE ID and UE bearer ID are needed in each user plane data PDU. For 1:1 mapping, with LCID extension, UE ID and UE bearer ID are not needed.

Observation 2: IAB node address can be derived from UE ID based on the configuration of a mapping between UEs and serving IAB nodes which can be maintained at IAB nodes along the routing path (e.g. routing table). Thus the address for the access IAB-node does not need to be included in each user plane data PDU for the routing purpose. 
If the BH LCID space is extended, many factors need to be taken into consideration to determine how many bits are needed for indicating all the UE bearer specific logical channels. For example, for a given backhaul link, the necessary LCID space would be proportional to the number of UEs whose traffic will be forwarded via this backhaul link. Therefore, multiple factors will impact the design of LCID space, e.g. the location of the IAB node in the entire topology under an IAB donor, how many downstream nodes the IAB node has (i.e. number of child nodes and number of descendent child nodes), the number of cells supported by an IAB node, the maximum number of UEs supported by each cell, in addition to the number of bearers per UE. If such a solution is adopted for the unified design, the length of extended LCID can be discussed in Stage 3. However, it is straight forward to observe that the range of this number could easily reach into the millions. 
Observation 3: If LCID space extension is adopted as a solution for unified design, the extended LCID will likely occupy several bytes. Therefore, it is beneficial not to include adaptation information for 1:1 mapped UE bearers with LCID extension, as the information provided by the adaption information would be redundant, and can be completely inferred from the extended LCID. 
Solution 2 – Many-to-one mapping of 1;1 mapped BH RLC channels to BH LCHs:
For the solution 2, many RLC channels with 1:1 bearer mapping may be mapped to one BH LCH, and therefore the BH LCID space does not need to be extended. The RLC channels for N:1 bearer mapping will still be one to one mapped to BH LCHs, and the receiving side can determine the RLC entity according to the LCID carried in the MAC sub-header just as solution 1. For the 1:1 bearer mapped RLC channels, the receiving side needs more information (e.g. UE ID+UE bearer ID) in addition to the LCID to identify the correct receiving RLC entity. Thus the adaptation information, at least, the information used to identify the UE bearer, should be accessible to the receiving side before delivering the RLC PDU to its specific RLC entity. Meanwhile, as has been mentioned in solution 1, the UE ID and UE bearer ID should also be present for the N:1 bearer mapped RLC channels at the IAB node. Therefore, it is natural for the transmitting side to add this adaptation information between RLC sub-layer and the MAC sub-layer. In other words, for solution 2 adaptation information is appended or prepended to the RLC PDU regardless of the mapping of UE bearers to the particular RLC channel (1:1 or N:1 bearer mapping). Whereas for solution 1, the adaptation information may be appended or prepended to RLC SDUs for N:1 mapped UE bearers.
Observation 4: Multiple BH RLC channels with 1:1 bearer mapping can be mapped to a single LCH. Therefore, with this solution a limited number of LCHs is sufficient, and LCID extension is not needed. UE bearer information in the adaptation info can uniquely identify a RLC channel for 1:1 bearer mapping. 

For Solution 2, LCHs corresponding to N:1 bearer mapping and LCHs corresponding to 1:1 bearer mapping should be differentiated, in order to enable the receiving side to decide whether to use the adaptation information (i.e. UE ID+UE bearer ID) to identify the RLC entity or only use the LCID. This differentiation can be done explicitly indicated, or implicitly indicated (e.g. based on LCID). The choice of which approach to adopt is a stage 3 issue.

Both Solution 1 and Solution 2 can support hop-by-hop ARQ for both 1:1 and N:1 bearer mapping as well as end-to-end ARQ for RLC channels with 1:1 bearer mapping. Thus both solutions are acceptable, as they can avoid the limitations of hop-by-hop ARQ. However, solution 2 is preferred as it does not require extending the LCID in MAC for IAB only.
Observation 5: End-to-end ARQ can be supported by both solution 1 and solution 2 for RLC channels with 1:1 bearer mapping.
Moreover, as shown in TR 38.874[2], the L2 protocol stacks used in the BH link to forward control plane signalling (e.g. CP alt 2) are the same as the L2 protocol stacks used in the BH link to forward the user plane data (e.g. UP alt a)-c) for group 1a ). This means that the user plane and control plane can share the same backhaul L2 structure for forwarding of data or signalling. The only potential difference is that an SRB related BH RLC channels is recommended to carry CP signalling, while DRB related RLC channels will be used to carry UP data. Therefore, the two proposed solutions are both suitable for CP transmission also. 

Proposal 1: RAN 2 is requested to select a solution from solutions 1 or 2 (preferred) described in this paper. 
Proposal 2: If Solution 1 is selected, the length of extended LCID should be discussed in WI phase.
Proposal 3: If solution 2 is selected, the methodology used to indicate LCH type (implicit or explicit indication) should be discussed in the WI phase.

Proposal 4: The selected solution applies for both UP and CP transmission.
1 Conclusions
Based on the previous discussion, we provided two solutions for the unified design to support end-to-end ARQ. We have the following observations:
Observation 1: for N:1 mapping, UE ID and UE bearer ID are needed in each user plane data PDU. For 1:1 mapping, with LCID extension, UE ID and UE bearer ID are not needed.

Observation 2: IAB node address can be derived from UE ID based on the configuration of a mapping between UEs and serving IAB nodes which can be maintained at IAB nodes along the routing path (e.g. routing table). Thus the address for the access IAB-node does not need to be included in each user plane data PDU for the routing purpose.
Observation 3: If LCID space extension is adopted as a solution for unified design, the extended LCID will likely occupy several bytes. Therefore, it is beneficial not to include adaptation information for 1:1 mapped UE bearers with LCID extension, as the information provided by the adaption information would be redundant, and can be completely inferred from the extended LCID.  
Observation 4: Multiple BH RLC channels with 1:1 bearer mapping can be mapped to a single LCH. Therefore, with this solution a limited number of LCHs is sufficient, and LCID extension is not needed. UE bearer information in the adaptation info can uniquely identify a RLC channel for 1:1 bearer mapping. 

Observation 5: End-to-end ARQ can be supported by both solution 1 and solution 2 for RLC channels with 1:1 bearer mapping.
We propose:

Proposal 1: RAN 2 is requested to select a solution from solutions 1 or 2 (preferred) described in this paper. 

Proposal 2: If Solution 1 is selected, the length of extended LCID should be discussed in WI phase.
Proposal 3: If solution 2 is selected, the methodology used to indicate LCH type (implicit or explicit indication) should be discussed in the WI phase.

Proposal 4: The selected solution applies for both UP and CP transmission.
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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.
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