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Introduction
During RAN2#103bis meetings, IAB architectures were discussed and it was agreed that a unified design allowing both many-to-one and one-to-one bearer mapping shall be supported [1]. Also an email discussion with regard to the unified design was initiated after the RAN2#103bis meetings. However, it is not still not clear how to support both many-to-one and one-to-one bearer mapping in IAB system. In this contribution, we discuss two potential unified design options and then make comparison between the two options. 
Agreements:

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.

The design should allow many-to-one and one-to-one bearer mappings to be used at the same time 

The unified design supports hop-by-hop ARQ.  End-to-end ARQ is not excluded for one-to-one mapping.  
The unified design addresses LCID-space and LCG-space limitations to support fine-granular QoS for a sufficiently large number of bearers.

The WI should aim for a IAB system with both bearer mapping (N-to-1 and 1-to-1) options for Rel.16.
Discussion 
As agreed in RAN2#103bis meeting, 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. That means the mapping from UE bearer to backhaul RLC channel could be N:1 or 1:1. On the other hand, as presented in the email discussion regarding to the unified design and according to the L2 structures for IAB node/donor captured in the TR 38.874 [2], some company proposed that the mapping from backhaul RLC channel to logical channel could also be N:1 or 1:1. Assuming that N:1 or 1:1 mapping could be performed between UE bearer and RLC channel, and/or between RLC channel and logical channel, the following three options could be further studied:

Mapping Option 1. UE bearer: RLC channel: LCH <=>  N: 1: 1

In this option, multiple UE bearers could be mapped to one backhaul RLC channel, e.g. according to the QoS or mapping table. This mapping may be performed above RLC. In addition, 1:1 mapping is supported between RLC channel and logical channel, i.e. one RLC channel is associated  with one logical channel. 

Observation1: The mapping between UE bearer and RLC channel is performed above RLC. 

Mapping Option 2. UE bearer: RLC channel: LCH <=> 1: 1: 1

In option 2, the mapping between UE bearer and RLC channel is 1:1, i.e. per UE bearer backhaul RLC channel are established for the IAB node. Also the mapping between RLC channel and logical channel is 1:1. In this option, finest UE bearer specific QoS could be supported in the backhaul link. 

Mapping Option 3. UE bearer: RLC channel: LCH <=> N: N: 1

In option 3, per UE bearer backhaul RLC channel are established for the IAB node, which is the same as option 2. However, the mapping between RLC channel and logical channel is N:1, i.e. multiple RLC channels is multiplexed into one logical channel. The multiplexing is performed above MAC. As we know, one to one mapping is used between RLC channel and logical channel in current NR design. And LCID is used to identify one logical channel (LogicalChannelConfig) and the corresponding RLC bearer (RLC-BearerConfig) [3]. As a result, assuming multiple RLC channel could be multiplexed into one logical channel, existing LCID could not be reused to identify RLC channel. In this situation, a new identifier shall be defined to identify RLC channel and corresponding RLC entity. 

Observation2: The mapping between RLC channel and logical channel is performed above MAC.
Observation3: In current NR design, one to one mapping is used between RLC channel and logical channel. And LCID is used to identify one logical channel and the corresponding RLC bearer. 

Observation4: If multiple RLC channel should be multiplexed into one logical channel, existing LCID could not be reused to identify RLC channel and a new identifier shall be defined to identify RLC channel and corresponding RLC entity. 

As discussed in the email discussion regarding unified design for 1:1 and N:1 bearer mapping, two examples of unified design are presented and summarized. In order to investigate a unified design supporting both 1:1 and N:1 bearer mapping, the following two unified design schemes could be discussed considering the three mapping options discussed above. 

Unified design 1. supporting both mapping option 1 and option 2

In this scheme, the N:1 mapping is only performed above RLC, i.e. between UE bearer and backhaul RLC channel while 1:1 bearer mapping is also supported. On the other hand, the mapping between RLC channel and LCH is kept one to one. This unified design could be implemented via the protocol stack alternative c) of architecture 1a, which is illustrated in Figure 1. In this situation, the mapping functionality is implemented in the adaptation layer above RLC. On the other hand, hop by hop ARQ is supported in this unified design. In this design, in order to support 1:1 mapping from UE bearer to RLC channel, corresponding UE bearer specific RLC channel shall be established in the backhaul link. As a result, LCID space extension may be needed if the existing LCID space is not sufficient to support 1:1 bearer mapping.     
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Figure 1. Protocol stack alternative c) of architecture 1a

Observation 5: In unified design 1,  the N:1 mapping is only performed between UE bearer and backhaul RLC channel. And the mapping between RLC channel and LCH is kept one to one. This unified design could be implemented via the protocol stack alternative c) of architecture 1a. The mapping functionality is implemented in the adaptation layer above RLC. 

Unified design 2. supporting all of mapping option 1, 2, and 3
In unified design 2, both N:1 and 1:1 bearer mapping between UE bearer and RLC channel are supported. Moreover, for UE radio bearer which is N:1 mapped to RLC channel, 1:1 mapping  between RLC channel and logical channel is used; For UE radio bearer which is 1:1 mapped to RLC channel, N:1 or 1:1 mapping between RLC channel and logical channel is used. In this design, N:1 bearer mapping between UE bearer and RLC channel is implemented in the adaptation layer above RLC and protocol stack alternative c) as illustrated in Figure 1 could be used. On the other hand, N:1 mapping between RLC channel and logical channel is implemented in the adaptation layer above MAC and protocol stack alternative a) or b) as illustrated in Figure 2 could be used. LCID space extension may be not needed in this unified design. 

As we can see, two different protocol stacks with different adaptation layer placements are involved in unified design 2. Moreover, two types of ARQ option (i.e. HBH and E2E ARQ) may be supported in unified design 2. In this situation, the IAB node or the IAB donor need to be able to determine which protocol stack (or which ARQ option) shall be used. As analyzed above, the complexity of IAB node and IAB donor is much more than in unified design 1 and more standardization work is needed correspondingly. Secondary, in unified design 2, multiple RLC channels could be multiplexed into one logical channel. As analyzed above, existing LCID could not be reused to identify RLC channel. As a result, a new identifier shall be defined to identify RLC channel and corresponding RLC entity. On the other hand, the LCID space extension may be not needed considering that the combination of UE bearer ID in the adaptation layer and LCID in the MAC layer is used to identify a logical channel in unified design 2, which would bring additional standardization work. And enhancements to the MAC scheduler is needed to handle the large number of 1:1 mapped logical channels to achieve fine UE bearer specific QoS.
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Figure 2 Protocol stack alternative a) b) of architecture 1a

Observation 6: In unified design 2, two different protocol stacks with different adaptation layer placements are involved in unified design 2. So the IAB node or the IAB donor need to be able to determine which protocol stack shall be used, which would bring additional standardization work and complexity in IAB node/IAB donor. 

Observation 7: In unified design 2, multiple RLC channels could be multiplexed into one logical channel. So LCID could not be used to identify RLC channel and a new identifier shall be defined to identify RLC channel. 
Observation 8: In unified design 2, the LCID space extension may be not needed considering that the combination of UE bearer ID in the adaptation layer and LCID in the MAC layer is used to identify a logical channel, which would bring additional standardization work. And enhancements to the MAC scheduler is needed to handle the large number of 1:1 mapped logical channels to achieve fine UE bearer specific QoS.

In summary, the comparison between unified design 1 and 2 is provided in Table 1 as below.  

Table 1. Comparison between unified design 1 and 2

	
	Unified design 1

UE bearer: RLC channel: LCH <=> N:1:1, 

UE bearer: RLC channel: LCH <=> 1:1:1
	Unified design 2

UE bearer: RLC channel: LCH <=> N:1:1,

UE bearer: RLC channel: LCH <=> 1:1:1,

UE bearer: RLC channel: LCH <=> N:N:1

	Adaptation layer placement
	Above RLC
	Above MAC and above RLC

	Protocol stack
	Alternative c) of architecture 1a
	Alternative a) and/or b) of architecture 1a for 1:1 bearer mapping

Alternative c) of architecture 1a for N:1 bearer mapping

	HBH or E2E ARQ
	Hop by hop ARQ
	Hop by hop (optionally end to end)

	Mapping
	Performed by adaptation layer above RLC


	Performed by adaptation layer above MAC for mapping between UE bearer and RLC channel. 

Performed by adaptation layer above MAC for mapping between RLC channel and LCH. 

	RLC channel to logical channel
	 N:1 or 1:1
	N:1 or 1:1

	LCID space extention
	needed
	not needed. 

	complexity
	Low 

Enhancements to the MAC scheduler is needed to handle the large number of 1:1 mapped logical channels to achieve fine UE bearer specific QoS.
	Large 

At least two protocol stack options with different adaptation layer placements need to be supported, IAB node or the IAB donor need to be able to determine which protocol stack shall be used. 
Enhancements to the MAC scheduler is needed to handle the large number of 1:1 mapped logical channels to achieve fine UE bearer specific QoS.

	Standardization effort 
	Low 
	Large 

The combination of UE bearer ID in the adaptation layer and LCID in the MAC layer is used to identify a logical channel. 
IAB node or the IAB donor need to be able to determine which protocol stack shall be used.

LCID could not be used to identify RLC channel and a new identifier shall be defined to identify RLC channel.


As we can see, unified design 1 could already meet the QoS requirements in IAB well. Unified design 2 needs more standardization effort and complexity in IAB node/IAB donor since both N:1 mapping between UE bearer and RLC channel, and between RLC channel and LCH are supported. However the benefit is not clear yet. So we prefer unified design 1 which support N:1 and 1:1 bearer mapping between UE bearer and RLC channel and RLC channel is 1:1 mapped to LCH. 

Observation 9: Unified design 2 needs more standardization effort and complexity in IAB node/IAB donor since both N:1 mapping between UE bearer and RLC channel, and between RLC channel and LCH are supported. However the benefit is not clear yet. 

Proposal: Unified design which support N:1 and 1:1 bearer mapping between UE bearer and RLC channel and RLC channel is 1:1 mapped to LCH is supported. 
Conclusion

In this contribution, we discussed two potential unified design options and then made comparison between the two options.  And we have the following observations and proposal:

Observation1: The mapping between UE bearer and RLC channel is performed above RLC. 

Observation2: The mapping between RLC channel and logical channel is performed above MAC.
Observation3: In current NR design, one to one mapping is used between RLC channel and logical channel. And LCID is used to identify one logical channel and the corresponding RLC bearer. 

Observation4: If multiple RLC channel could be multiplexed into one logical channel, existing LCID could not be reused to identify RLC channel and a new identifier shall be defined to identify RLC channel and corresponding RLC entity. 

Observation 5: In unified design 1,  the N:1 mapping is only performed between UE bearer and backhaul RLC channel. And the mapping between RLC channel and LCH is kept one to one. This unified design could be implemented via the protocol stack alternative c) of architecture 1a. The mapping functionality is implemented in the adaptation layer above RLC. 

Observation 6: In unified design 2, two different protocol stacks with different adaptation layer placements are involved in unified design 2. So the IAB node or the IAB donor need to be able to determine which protocol stack shall be used, which would bring additional standardization work and complexity in IAB node/IAB donor. 

Observation 7: In unified design 2, multiple RLC channels could be multiplexed into one logical channel. So LCID could not be used to identify RLC channel and a new identifier shall be defined to identify RLC channel. 
Observation 8: Additional standardization work is still needed although LCID space extension may be not needed in unified design 2. And enhancements to the MAC scheduler is needed to handle the large number of 1:1 mapped logical channels to achieve fine UE bearer specific QoS.
Observation 9: Unified design 2 needs more standardization effort and complexity in IAB node/IAB donor since both N:1 mapping between UE bearer and RLC channel, and between RLC channel and LCH are supported. However the benefit is not clear yet. 

Proposal: Unified design which support N:1 and 1:1 bearer mapping between UE bearer and RLC channel and RLC channel is 1:1 mapped to LCH is supported. 
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