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Introduction
The following IAB architecture design agreements were made at the RAN2#103bis meeting. Subsequently, an email discussion [1] was held for companies to propose unified designs to support the below agreements.
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.

As a result of the email discussion, two consolidated unified design examples were proposed for architecture 1a. In this contribution we offer some points for comparing the two consolidated unified design examples to further motivate finalization of IAB architecture for L2 relaying.
 
Consolidated Unified Design Examples
The below table summarizes the characteristics for the proposed consolidated unified design examples. 
	Consolidated Unified Design Example 1
	Consolidated Unified Design Example 2

	Characteristics:
· UE-bearers are N:1-mapped to RLC-channels, where N=1 is permitted.
· RLC-channels are 1:1-mapped to LCHs.
· Identification of ingress RLC-channel based on LCID.
· LCID-space extension is required to support N=1 for many bearers. 
 
	Characteristics:
· UE-bearers are either N:1 or 1:1 mapped to RLC-channels
· Mapping of RLC-channels to LCHs: 
· For N:1 bearer mapping, RLC-channels are 1:1 mapped to LCHs
· For 1:1 bearer mapping, RLC-channels are K:1 mapped to LCHs (K ≥ 1) 
· Identification of ingress RLC-channel:
· For N:1 bearer mapping, RLC-channels are identified by LCH
· For 1:1 bearer mapping, RLC-channels are identified by UE-bearer-ID
· Bearer mapping type is indicated explicitly or implicitly (e.g. a set of LCIDs may be configured for N:1 mapping, the complement set for 1:1 mapping)  
· LCID-space extension may not be needed




In unified design example 1, the N:1 mapping between UE bearers and RLC channels happens above the RLC layer. This allows the IAB specifications to maintain the 1:1 mapping between RLC channels to LCHs that is currently specified in Release 15 NR specifications. This also allows identification of ingress RLC channels simply based on LCID. Furthermore, extension of the LCID and LCG space enables support for fine-grained QoS based on 1:1 bearer mapping. Hence, unified design example 1 is a very clean design. 
Observation 1: Consolidated unified design example 1 supports all the requirements from the RAN2#103bis agreement in a single clean design.
In unified design example 2, the N:1 mapping between UE bearers and RLC channels also happens above the RLC layer. However, this design example, also supports an additional K:1 mapping between RLC channels and LCHs. This requires the IAB specifications to support aggregation at two places. Furthermore, this design violates the current Release 15 design principle of 1:1 mapping between RLC channels and LCHs, thereby adding further implementation and specification complexity. Also, the identification of ingress RLC channels now needs to be performed differently depending upon the type of bearer mapping – for N:1 bearer mapping, the RLC channels are identified by LCID, but for 1:1 bearer mapping, the RLC channels are identified by the UE bearer ID. Hence, unified design example 2 is more complicated compared to unified design example 1. 
Furthermore, even though it is stated in the description of unified design 2 that extension of LCID space may not be required, unified design 2 does face the issue of LCG space limitation on the uplink when trying to support fine-grained QoS with 1:1 bearer mapping. Based on Release 15 specifications, the Long BSR MAC CE supports reporting of buffer status on 8 LCGs. When fine-grained QoS with 1:1 mapping needs to be supported at an IAB node closer to the donor, many more than 8 UE bearers at the MT of an IAB node may need to report buffer status to the parent IAB node. This may require extension of LCG space. Hence, the current unified design 2 may not be able to fully satisfy the requirement to overcome LCID-space and LCG-space limitations to support fine-grained QoS.
Observation 2: Consolidated unified design example 2 may not be able to fully support the requirement related to overcoming LCG-space limitation to support fine-grained QoS on the uplink.  
Observation 3: Consolidated unified design example 2 is more complex compared to unified design example 1 because it requires support for aggregation both above and below the RLC. 
In unified design example 1, the N:1 bearer mapping is performed at the Adaptation layer above the RLC layer. Moreover, routing may also be performed based on header information at this Adaptation layer. Furthermore, the LCID/LCG space extension needs to be performed at the MAC layer to support 1:1 mapping with fine-grained QoS. Hence, unified design example 1 requires the following new protocol stack related specification work:
· New Adaptation layer above RLC
· LCID/LCG space extension at MAC

In unified design example 2, there is also a need for an Adaptation layer above the RLC layer to support N:1 mapping between UE bearers and RLC channels. Moreover, there is also need for a routing function at the IAB node, which may most likely also need to be specified at the Adaptation layer. Furthermore, unified design example 2 requires development of a second Adaptation layer below the RLC to support K:1 mapping between RLC channels and LCID. Hence, unified design example 2 would require development of specifications for two new protocol sublayers in the UP stack:
· New Adaptation layer above RLC (Adapt-H)
· New Adaptation layer below RLC (Adapt-L)
Note that depending upon the final specification design, it is possible that an adaptation layer may be operated in transparent mode. For example, for unified design example 2, if K = 1, the adaptation layer below the RLC may simply act as a passthrough. However, in both designs it seems that an adaptation layer should at least be instantiated above the RLC to ensure consistent processing of packets for routing. Nevertheless, from a specification work point of view, for uniform design example 2, 3GPP would need to develop specifications for both adaptation layers above and below the RLC as opposed to for uniform design 1, which requires a single adaptation layer.
Observation 4: Consolidated unified design example 1 requires less protocol stack related specification work compared to unified design example 2. 
Specifically, regarding the routing function, for unified design 1, the routing is performed based on the Adaptation header information above the RLC. However, for unified design 2, the routing function may need to reside above the RLC (since the design supports N:1 mapping). But it is a bit unclear if the Adaptation layer below RLC is involved in routing for the 1:1 mapping case. If it is involved in routing, the routing function that resides above the RLC may need to perform packet inspection in the Adaptation layer headers below the RLC. This is not a clean solution and may involve some packet processing inefficiencies.
Observation 5: Both consolidated unified designs require routing functionality to reside above the RLC layer to support N:1 mapping, but for unified design 2, it is not clear if the Adaptation layer below RLC also needs to be involved in this routing. If so, the routing function above the RLC may need to inspect packets below the RLC, which may not be a clean protocol design. 
Based on the above observations the following table provides a summary of points comparing unified designs 1 and 2
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	Unified Design Example 1
	Unified Design Example 2

	Meets all features from RAN#103bis agreement?
	Yes
	No. LCG-space extension may still be needed to support fine-grained QoS on UL

	Design complexity
	Lower
	Higher

	Specification work
	Less
	More

	Aggregation
	Above RLC only
	Both above RLC (to support N:1 mapping) and below RLC (to support K:1 mapping)

	Identification of ingress RLC channels
	Based on LCID
	Based on UE-bearer-ID and LCID

	Routing
	Above RLC
	Above RLC. But if Adapt below RLC needs to be involved in routing, it requires packet inspection below the RLC.



It is proposed that the above comparison table be captured in the IAB SI TR document and based on the observations only consolidated unified design example 1 should be carried forward in IAB specification work. 
Proposal 1: The above observations should be captured in the IAB SI TR 38.874. A text proposal is provided in Annex A. 
Proposal 2: Based on observations made above, only consolidated unified design example 1 should be carried forward in IAB specification work.
Conclusion
In the interest of continuing to make progress on IAB standardization, in this document we proposed a way forward regarding solutions for end-to-end reliability for hop-by-hop RLC ARQ. The following observations and proposals were made:
Observation 1: Consolidated unified design example 1 supports all the requirements from the RAN2#103bis agreement in a single clean design.
Observation 2: Consolidated unified design example 2 may not be able to fully support the requirement related to overcoming LCG-space limitation to support fine-grained QoS on the uplink.  
Observation 3: Consolidated unified design example 2 is more complex compared to unified design example 1 because it requires support for aggregation both above and below the RLC. 
Observation 4: Consolidated unified design example 1 requires less protocol stack related specification work compared to unified design example 2. 
[bookmark: _GoBack]Observation 5: Both consolidated unified designs require routing functionality to reside above the RLC layer to support N:1 mapping, but for unified design 2, it is not clear if the Adaptation layer below RLC also needs to be involved in this routing. If so, the routing function above the RLC may need to inspect packets below the RLC, which may not be a clean protocol design. 

Proposal 1: The above observations should be captured in the IAB SI TR 38.874. A text proposal is provided in Annex A. 
Proposal 2: Based on observations made above, only consolidated unified design example 1 should be carried forward in IAB specification work. 
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Table 8.x.y-z Comparison of Consolidated Unified Design Examples for Architecture 1a
	
	Unified Design Example 1
	Unified Design Example 2

	Meets all features from RAN#103bis agreement?
	Yes
	No. LCG-space extension may still be needed to support fine-grained QoS on UL

	Design complexity
	Lower
	Higher

	Specification work
	Less
	More

	Aggregation
	Above RLC only
	Both above RLC (to support N:1 mapping) and below RLC (to support K:1 mapping)

	Identification of ingress RLC channels
	Based on LCID
	Based on UE-bearer-ID and LCID

	Routing
	Above RLC
	Above RLC. But if Adapt below RLC needs to be involved in routing, it requires packet inspection below the RLC.



********* End of Change **********
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