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1. Introduction
In TR38.874, two solutions of mapping between UE DRB and BH RLC-channel have been captured. In this paper, we compare the solutions and a TP is provided based on the comparsion.
2. Discussion
2.1 Solutions for mapping between UE DRB and BH RLC-channel
The solutions captured in the TR38.874 is introduced briefly. 
Solution1. One-to-one mapping between UE DRB and BH RLC-channel
In this solution, each UE DRB is mapped onto a separate BH RLC-channel. The number of established BH RLC-channels is equal to the number of established UE DRBs. 
One or multiple BH RLC-channels can be further mapped to one logical channel on the BH.
Solution2. Many-to-one mapping between UE DRBs and BH RLC-channel

For the many-to-one mapping, the IAB node can multiplex DRBs from the same or different UEs into a single BH RLC-channel based on specific parameters such as bearer QoS profile. All traffic mapped to a single BH RLC-channel receives the same QoS treatment on the air interface. 
One BH RLC-channels can be further mapped to one logical channel on the BH.
2.2 Comparison
The above solutions are compared based on the following aspects: data forwarding overhead, complexity of intermediate IAB node, user experience and scheduling granularity.

· Data forwarding overhead
For each received packet, one IAB node needs to know the UE DRB information (e.g. UE ID and DRB ID) related to the packet to determine how to forward the packet. In solution1, each BH RLC-channel can be further mapped to one BH logical channel. Hence the UE DRB information can be carried by LCID (i.e. there is a one-to-one mapping between DRB information and LCID), which requires LCID-space extension. In soluiotn2, the UE DRB information can be included in the header of the adaptation layer. 

Assume the maximum number of UE DRBs one IAB node can support in Rel-16 is 2^N on one BH link. In solution1, the length of LCID needs to be extended to N bits. In soluiton2, a new N-bit UE DRB ID field needs to be introduced in the adaptation layer, which leads the total length of IDs (i.e. the new DRB ID and LCID) to N+6bit.

Observation1: Solution1 introduces lower data forwarding overhead than solution2. For each RLC SDU, solution2 requires more 6 bit overhead compared to soluiton1. 

When hop by hop RLC ARQ is applied, RLC ARQ needs to be performed by each intermediate IAB node. In solution1, one RLC entity is corresponding to only one UE DRB, while in solution2, one RLC entity may be shared by multiple DRBs from different UEs. Compared with soluton1, the RLC entity in solution2 needs to transmit more RLC PDUs in the same period of time. It requires solution2 to apply longer RLC SN than solution1, which leads to more overhead on the backhaul link. 
Observation2: When the hop by hop RLC ARQ is applied, compared with soluton1, solution2 requires longer RLC SN.
· Complexity of intermediate IAB node
When end to end ARQ is applied, RLC ARQ is only performed by the IAB donor and UE. One of the benefits of end to end RLC ARQ is the intermediate IAB nodes are not required to reassemble the received RLC PDU segments before forwarding them to next hop. 

However, this benefit is not available in solution2, since the information for routing (i.e. UE DRB information) is included in the header of the adaptation layer. And the adaptation layer is above the RLC layer. To obtain the routing information included in the RLC SDU, the intermediate IAB nodes have to reassemble the received RLC PDU segments first. 
In solution1, the information for routing is included in the header of layer below RLC, e.g. the LCID in MAC(e.g. One to one mapping between BH RLC-channel and logical channel is applied) or RLC-channel identifier in adaptation layer over MAC(e.g. many to one mapping between BH RLC-channels and  logical channel is applied). Hence, the reassembly in intermediate IAB nodes is not mandatory. 
Observation3: When the end to end RLC ARQ is applied, intermediate IAB nodes are not required to perform RLC reassembly in solution1, while RLC reassembly is mandatory for solution2. 
· User experience
As mentioned above, when hop by hop ARQ is applied, RLC ARQ needs to be performed by each intermediate IAB node. In solution1, one RLC entity is corresponding to only one UE DRB, while in solution2, one RLC entity may be shared by multiple DRBs from different UEs. Given the same packet loss rate in both solutions, one RLC entity in solution2 experiences more packet loss than in solution1 for more packets are transmitted in solution2. What’s more, compared with soluton1, the packet loss in solution2 causes bigger impact, since the packet loss of one UE DRB may interrupt the transmission of other UE DRBs which share the same RLC entity. 

Observation4: When the hop by hop RLC ARQ is applied, compared with soluton1, solution2 suffers cross UE DRBs blockage issue when packet loss occurs. The cross UE DRBs blockage may cause extra forwarding delay at the intermediate IAB nodes.

· Scheduling granularity
In solution 1, it is possible to perform per UE DRB scheduling in one IAB node if one to one mapping between BH RLC-channel and logical channel is applied. In soluton2, the IAB node can perform scheduling in BH RLC-channel granularity since the packets from multiple UE DRBs are multiplexed to one BH RLC-channel above MAC.
Observation5: In solution 1, the IAB node can perform scheduling in UE DRB granularity, while in soluton2, the IAB node perform scheduling in BH RLC-channel granularity.
· Summary
The observations above are summarized into the following table.

Table 1 comparison between one-to-one and many-to-one bearer mapping solutions
	
	Solution1: one-to-one mapping between UE DRB and BH RLC-channel
	Solution2: many-to-one mapping between UE DRBs and BH RLC-channel

	Data forwarding overhead
	Less overhead

For each RLC SDU to be forwarded, the increased overhead is caused by the extended LCID.
	More overhead

For each RLC SDU to be forwarded, the increased overhead is caused by two reasons：

· longer RLC SN if the hop by hop RLC ARQ is applied

· Newly introduced UE DRB information in the adaptation layer

	Complexity of intermediate IAB node(if the end to end RLC ARQ is applied)


	Low

RLC reassembly is optional in intermediate IAB node
	High

RLC reassembly is mandatory in intermediate IAB node

	User experience(if the hop by hop RLC ARQ is applied)
	No extra forwarding delay at the intermediate IAB nodes
	There is extra forwarding delay at the intermediate IAB nodes. Since there is cross UE DRBs blockage issue, i.e. the packet loss of one UE DRB may interrupt the transmission of other UE DRBs which share the same RLC entity

	Scheduling granularity


	More accurate
per UE DRB granularity
	Less accurate
per BH RLC-channel granularity


Based on the comparison, we propose:

Proposal: one-to-one mapping between UE DRB and BH RLC-channel should be prioritized in Rel-16 for IAB.
The corresponding TP is provided in the annex.
3. Conclusion

In this contribution, the bearer mapping solutions are compared based on the following aspects: data forwarding overhead, complexity of intermediate IAB node, user experience and scheduling granularity. And the observations and proposal are following:
Observation1: Solution1 introduces lower data forwarding overhead than solution2. For each RLC SDU, solution2 requires more 6 bit overhead compared to soluiton1. 

Observation2: When the hop by hop RLC ARQ is applied, compared with soluton1, solution2 requires longer RLC SN.

Observation3: When the end to end RLC ARQ is applied, intermediate IAB nodes are not required to perform RLC reassembly in solution1, while RLC reassembly is mandatory for solution2. 
Observation4: When the hop by hop RLC ARQ is applied, compared with soluton1, solution2 suffers cross UE DRBs blockage issue when packet loss occurs. The cross UE DRBs blockage may cause extra forwarding delay at the intermediate IAB nodes.

Observation5: In solution 1, the IAB node can perform scheduling in UE DRB granularity, while in soluton2, the IAB node perform scheduling in BH RLC-channel granularity.
Proposal: one-to-one mapping between UE DRB and BH RLC-channel should be prioritized in Rel-16 for IAB. 
The corresponding TP is provided in the annex.
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8.2.4.1
UE-bearer-to-BH-RLC-Channel mapping

An IAB node needs to multiplex the UE DRBs to the BH RLC-Channel. The following two options can be considered on bearer mapping in IAB node.
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Figure 8.2.4.1-1 example of one-to-one mapping between UE DRB and BH RLC-Channel

Option 1. One-to-one mapping between UE DRB and BH RLC-channel
In this option, each UE DRB is mapped onto a separate BH RLC-channel. Further, each BH RLC-channel is mapped onto a separate BH RLC-channel on the next hop. The number of established BH RLC-channels is equal to the number of established UE DRBs. 

Identifiers (e.g. for the UE and/or DRB) may be required (e.g. if multiple BH RLC-channels are multiplexed into a single BH logical channel). Which exact identifiers are needed, and which of these identifier(s) are placed within the adaptation layer header depends on the architecture/protocol option, and the details are FFS.
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Figure 8.2.4.1-2 example of many-to-one mapping between UE DRBs and BH RLC-channel

Option 2. Many-to-one mapping between UE DRBs and BH RLC-channel
For the many-to-one mapping, several UE DRBs are multiplexed onto a single BH RLC-channel based on specific parameters such as bearer QoS profile. Other information such as hop-count could also be configured. The IAB node can multiplex UE DRBs into a single BH RLC-channel even if they belong to different UEs. Furthermore, a packet from one BH RLC-channel may be mapped onto a different BH RLC-channel on the next hop (details of IAB L2 structure for bearer multiplexing are given in section 8.2.5). All traffic mapped to a single BH RLC-channel receive the same QoS treatment on the air interface.
Since the BH RLC-channel multiplexes data from/to multiple bearers, and possibly even different UEs, each data block transmitted in the BH RLC-channel needs to contain an identifier of the UE, DRB, and/or IAB node it is associated with. Which exact identifiers are needed, and which of these identifier(s) are placed within the adaptation layer header depends on the architecture/protocol option, and the details are FFS.

Table 8.2.4.1-1 comparison between one-to-one and many-to-one bearer mapping solutions

	
	Option1: one-to-one mapping between UE DRB and BH RLC-channel
	Option2: many-to-one mapping between UE DRBs and BH RLC-channel

	Data forwarding overhead
	Less overhead

For each RLC SDU to be forwarded, the increased overhead is caused by the extended LCID.
	More overhead

For each RLC SDU to be forwarded, the increased overhead is caused by two reasons：

· longer RLC SN if the hop by hop RLC ARQ is applied

· Newly introduced UE DRB information in the adaptation layer

	Complexity of intermediate IAB node(if the end to end RLC ARQ is applied)


	Low

RLC reassembly is optional in intermedia IAB node
	High

RLC reassembly is mandatory in intermediate IAB node

	User experience(if the hop by hop RLC ARQ is applied)
	No extra forwarding delay at the intermediate IAB nodes
	There is extra forwarding delay at the intermediate IAB nodes. Since there is cross UE DRBs blockage issue, i.e. the packet loss of one UE DRB may interrupt the transmission of other UE DRBs which share the same RLC entity

	Scheduling granularity


	More accurate
in UE DRB granularity
	Less accurate
in BH RLC-channel granularity


Since option1 can provide better performance than option2 in data forwarding overhead, complexity of intermedia IAB node, user experience and scheduling granularity, option1, i.e. one-to-one mapping between UE DRB and BH RLC-channel, should be prioritized in Rel-16.
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