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1
Introduction

During IAB SI, the QoS of IAB network is extensively discussed. As agreed in SI stage, the IAB network support many-to-one and one-to-one mapping between UE DRB and BH RLC CH. However, many key open issues, e.g., how this mapping is configured, how the UE DRB QoS is stratified over IAB network, etc, are still open. Thus, in this contribution, we would like to address QoS framework and show some thoughts from our side, before outlining various proposals for QoS handling in IAB networks, for RAN2 consideration and agreement. 
2
Discussions 
In IAB network, the UE data is transmitted over multiple intermediate nodes. An example is shown in Fig. 1. In this figure, between Donor CU and UE, the user data is conveyed by several intermediate nodes, i.e., donor DU, IAB node 1 and IAB node 2. In this sense, the QoS requirement of an UE DRB should be guaranteed along the whole path. In SI stage, an BH RLC CH is defined to convey the data between intermediated nodes, and over the BH RLC CH, the UE DRBs can be either one-to-one mapped or many-to-one mapped, i.e.,

· One-to-one mapping: the BH RLC CH is used to convey data belonging to one UE DRB only

· Many-to-one mapping: the BH RLC CH is used to convey data belonging to multiple UE DRBs. 
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Fig. 1. IAB network structure example
By taking Fig. 1 as an example, each 1st-hop/2nd- hop BH RLC CH conveys data belonging to one UE DRB or multiple UE DRBs – UE DRBs placed in the boxes with the same edge color share the same BH RLC CH. However, between the donor CU and the donor DU, the data is transmitted at the granularity of UE DRB since each UE DRB is configured with a separate GTP-U tunnel. Similarly, between IAB node 2 and UE, the data is transmitted at the granularity of UE DRB since the radio resource is allocated in terms of UE DRB.  Thus, for the donor DU and accessing IAB node, the incoming data (from the CU for the donor DU case; from the UE for the IAB access node case) is at granularity of UE DRB, and the outgoing data (to the intermediate or access IAB node for the donor DU case; to the intermediate or donor DU for the IAB access node case) is at granularity of BH RLC CH, or the incoming data is at granularity of BH RLC CH, and the outgoing data is at granularity of UE DRB (when communication direction is reversed). Then, the donor DU and accessing IAB node performs either one-to-one or many-to-one mapping between UE DRBs and BH RLC CH from one side to another side. 

However, the intermediate IAB node, e.g., IAB node 1 in Fig. 1, can be designed in different ways with respect to incoming to outgoing BH RLC CH mapping. Specifically, both the incoming side and outgoing side of such IAB node are BH RLC CHs. Based on one-to-one or many-to-one mapping between UE DRBs and BH RLC CHs, the resultant mapping between incoming BH RLC CHs and outgoing BH RLC CHs is still an open issue. Thus, the first issue is:
Issue 1: which kind of mapping is performed between the incoming BH RLC CHs and outgoing BH RLC CHs at the intermediate IAB node?

Apparently, an IAB network can serve a large number of UE DRBs, which indicates that the IAB network should figure out how to map those UE DRBs into different BH RLC CHs. Thus, the second issue comes up:

Issue 2: who decides the mapping between UE DRBs and BH RLC CH? 

After the above two issues are determined, the mapping between UE DRBs and BH RLC CHs should be correctly implemented in each intermediate node. Then, the signaling procedure between Donor CU and each intermediate node should be defined clearly. So, the third issue is:

Issue 3: how does the signaling procedure look like to guarantee the mapping implementation in each intermediate node? 

2.1.
Issue 1: which kind of mapping is performed between the incoming BH RLC CHs and outgoing BH RLC CHs at the intermediate IAB node?
The BH RLC CH may aggregate data from different UE DRBs. Such aggregation should observe the QoS requirement of each UE DRB. Thus, no matter where is the destination node, the data can be aggregated into the same BH RLC CH as long as the corresponding UE DRB QoS is satisfied.

Observation 1a: an BH RLC CH can aggregate the data with same or different destination nodes.  
Following the principle of one-to-one/many-to-one mapping between UE DRBs and BH RLC CHs, the resultant mapping between incoming BH RLC CH and outgoing BH RLC CH (note that, this mapping refers to the data in the incoming BH RLC CH, which is not destined at such intermediate IAB node) may be performed in different ways:

· 1:1 mapping 

In this way, the data in the same incoming BH RLC CH share the same outgoing BH RLC CH (meaning that the data has the same next-hop node), and the intermediate IAB node needs to provide the same QoS treatment at the outgoing BH RLC CH, as shown in Fig. 2. 
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Fig. 2. 1:1 mapping (incoming & outgoing BH RLC CH)

Observation 1b (1:1 mapping): when data from the same incoming BH RLC CH is intended for the same next-hop node, the intermediate node may convey those data via the same outgoing BH RLC CH to the next-hop node.   
· 1:N mapping

In this way, the data in the same incoming BH RLC CH has different next-hop nodes because e.g. different UE DRBs have different routing paths in the next-hop. Then, the intermediate node has to split such data into different outgoing BH RLC CHs, as shown in Fig. 3(a). Another case is that the data in the same incoming BH RLC CH has the same next-hop node, but the number of outgoing BH RLC CHs meeting a certain QoS requirement is different from the number of incoming BH RLC CHs meeting the same QoS requirement – e.g. there is only one best-effort incoming data pipe, but multiple outgoing best-effort data pipes.
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Fig. 3. 1:N mapping (incoming & outgoing BH RLC CH)

Observation 1c (1:N mapping case):  at an intermediate node, the data from the same incoming BH RLC CH can be sent out via different outgoing BH RLC CHs, e.g., 
1. When data from the same incoming BH RLC CH is intended for different next-hop nodes, the intermediate node has to split the data into different outgoing BH RLC CHs due to different routing paths
2. When data from the same incoming BH RLC CH is intended for the same next-hop node, the intermediate node may split the data into different outgoing BH RLC CHs since the number of outgoing BH RLC CHs meeting a certain QoS requirement is different from the number of incoming BH RLC CHs meeting the same QoS requirement. 
· N:1 mapping 

In this way, the data in different incoming BH RLC CHs has the same next-hop node, and the QoS requirement of each UE DRB requires that the intermediate node provides the same QoS treatment. Such different incoming BH RLC CHs may from the same node. Then, the intermediate node has to aggregate such data into one outgoing BH RLC CH, as shown in Fig. 4.
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Fig. 4. N:1 mapping (incoming & outgoing BH RLC CH)
Observation 1d (N:1 mapping case):  at an intermediate node, the data from the different  incoming  BH RLC CHs can be sent out via same outgoing BH RLC CHs, e.g., 
When data from the different incoming BH RLC CHs are intended for the same next-hop node, the intermediate node may aggregate the data to the same outgoing BH RLC CH since the data needs same QoS treatment over BH to the next-hop node or there are fewer outgoing than incoming BH RLC channels supporting the required QoS, e.g. there are multiple best-effort incoming data pipes, but only one outgoing best-effort data pipe.
The above three ways are aligned with one/many-to-one mapping between UE DRBs and BH RLC CH, and all of them can happen in the IAB node. Then, we propose:

Proposal 1: The intermediate IAB node can perform 1:1/1:N/N:1 mapping between incoming BH RLC CH(s) and outgoing BH RLC CH(s).

2.2. Issue 2: who decides the mapping between UE DRBs and BH RLC CH? 
Since BH RLC CH is formulated to convey the data with the same/similar QoS requirement, it is natural to define QoS parameters for each BH RLC CH. Then, the packets conveyed via the same BH RLC CH can get appropriate treatment. 

Observation 2a: BH RLC CH QoS is needed to ensure the aggregated packet get appropriate treatment in the outgoing link, regardless of whether 1:1/N:1/1: N mapping is performed between incoming BH RLC CH and outgoing BH RLC CH.
Depending on which UE DRB the packets in the same BH RLC CH belong to, the BH RLC CH QoS can be identical to the UE DRB QoS if UE DRB is one-to-one mapped to the BH RLC CH, or, if UE DRBs are N:1 mapped to BH RLC CH, then the required BH RLC QoS should take several UE DRB QoSs into account. 

Observation 2b: the required BH RLC CH QoS may be identical to the UE DRB QoS if UE DRB is 1:1 mapped to BH RLC CH, or may take several UE DRB QoSs into account if UE DRB is N:1 mapped to one BH RLC CH.
Since the BH RLC CH aggregates UE DRBs, its QoS requirements should be closely related to the QoS of the aggregated UE DRBs. In other words, when deciding the BH RLC CH QoS, the mapped UE DRBs has to be decided. In this sense, we have 
Proposal 2: The BH RLC CH QoS is decided by the node determining the mapping between UE DRB and BH RLC CH. 

 The BH RLC CH QoS is determined by the aggregated UE DRB QoS. However, how to determine it is an implementation issue.
Proposal 3: the determination of BH RLC CH QoS is an implementation issue. 

The above discussions indicate that the node deciding the mapping becomes critical in order to ensure the QoS requirement of each UE DRBs. In general, we have three methods in the mind:

· Centralized method

In IAB network, all nodes and UEs are connected to the donor CU, which means that the donor CU is under the position of controlling the whole network. Thus, donor CU can make decision on the mapping between UE DRBs and BH RLC CHs in each hop. Meanwhile, the donor CU has to construct the BH RLC CH QoS of each hop by considering QoS requirement of each UE DRB, the number of hop to the UE, the radio condition and resource status in each IAB node along the path to the UE, etc. It can be regarded that an UE DRB QoS requirement is transformed to different BH RLC CH QoS requirements at each IAB node along the routing path to the destined UE. 

The benefit of this method is that the whole network QoS treatment is under the control of the IAB donor CU.  

· Distributed method 

In this method, the mapping and BH RLC CH QoS are decided by each intermediate node, e.g., Donor DU, IAB nodes. In this sense, each intermediate node determines its own mapping rules between UE DRBs and outgoing BH RLC CHs. The rationality behind this method is that, a BH RLC CH is served by an intermediate node, which has clear knowledge about its radio condition and resource status. Moreover, each BH RLC CH corresponds to a set of configurations on, e.g., RLC layer, logical channel, etc, which are completely located at the intermediate node. 
The benefit of this method is that the BH RLC CH QoS can be constructed by its serving IAB node.

· Mixed method

In this method, between donor CU and intermediate node, one can decide the mapping and BH RLC CH QoS, another one can modify it and provide its suggestion. With this method, the mapping and QoS setting can take status of both donor CU and intermediate node into account.  
The benefit of this method is that the mapping and BH RLC CH QoS can be negotiated between Donor CU and intermediate node, which can take status of each involved node into account. 
Observation 2d: the centralized method, the distributed method and the mixed method can be considered for the mapping between UE DRBs and BH RLC CHs.
2.3. Issue 3: how does the signaling procedure look like to guarantee the mapping implementation in each intermediate node?
In light of the above centralized/distributed methods, the basic signalling procedures are shown in Fig. 5 and Fig. 6, respectively. In centralized method, the QoS treatment of each BH RLC CH has been determined by donor CU. Thus, the donor CU needs to inform the determined BH RLC CH QoS to the corresponding intermediate node. Then, the corresponding intermediate node can perform the admission control and provide the admission result to donor CU. In some cases, the provided BH RLC CH QoS may not be fully acceptable to the intermediate node. It may not be wise to simply reject such BH RLC CH at such intermediate node since each UE DRB QoS is satisfied by the whole path rather than a single intermediate node. In other words, once an intermediate node cannot satisfy the BH RLC CH QoS received from the donor CU, it can provide a suggested BH RLC CH QoS to the donor CU. With such suggested information, the donor CU can adjust the QoS requirement in the downstream nodes. For example, in Fig. 5, the donor DU can optionally provide suggested 1st-hop BH RLC CH QoS to donor CU in case the requested 1st-hop BH QoS treatment cannot be satisfied. Similarly, the IAB node 1 may optionally provide suggested 2nd-hop BH RLC CH QoS to donor CU.  
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Fig. 5. Signalling procedure for centralized method

Observation 3a: In centralized method, the donor CU can provide the mapping information and BH RLC CH QoS to each intermediate node, and each intermediate node can feed back the admission results, and optionally the suggested BH RLC CH QoS.  

In distributed method, the mapping and BH RLC CH QoS are determined by each intermediate node. However, the UE DRB QoS information is not enough for each intermediate node since UE DRB QoS is satisfied by multiple intermediate nodes. Due to the lack of knowledge on other intermediate nodes, this method requires that the donor CU should provide the mapping and BH RLC CH QoS of other related nodes to each intermediate node. Thereby, for an UE DRB, a certain intermediate node can know the QoS treatment in other nodes, and then make the decision on the mapping and its own BH RLC CH QoS.  To achieve this, each intermediate node should provide its mapping information and BH RLC QoS to the donor CU; while the donor CU should send QoS treatment information of other intermediate nodes to a certain intermediate node, i.e., the mapping information and BH RLC CH QoS already received from other intermediate nodes. For example, donor DU sends its mapping information and 1st-hop BH RLC CH QoS to Donor CU, and donor CU provides such received information to IAB node 1. Similarly, IAB node 1 provides its mapping information and 2nd-hop BH RLC CH QoS to donor CU, and donor CU provides the mapping information and BH RLC CH QoS received from both donor DU and IAB node 1 (e.g., mapping information at donor DU, 1st-hop BH RLC CH QoS, mapping information at IAB node 1, and 2nd-hop BH RLC CH QoS) to IAB node 2. 

[image: image6]
Fig. 6. Signaling procedure for distributed method
Observation 3b: In distributed method, the donor CU can provide the UE DRB QoS, the mapping information and BH RLC CH QoS received from other intermediate nodes to a certain intermediate node, and as the feedback, such intermediate node can provide the admission results, and the determined mapping information and BH RLC CH QoS to donor CU.  

In mixed method, donor CU will send its determined mapping and BH RLC CH QoS to the intermediate node; then, the intermediate node can provide its suggested mapping and BH RLC CH QoS to the donor CU based on its radio resource status. For example, as shown in Fig. 7, in step 1a, donor CU provides UE DRB QoS, mapping between UE DRB and 1st-hop BH RLC CH, and 1st-hop BH RLC CH QoS to the donor DU. Then, in step 1b, based on Donor DU’s radio resource status, donor DU may suggest new mapping and new BH RLC CH QoS. In this case, the negotiation between donor CU and donor DU can take the information on both donor CU and donor DU into account.  In addition, to allow the intermediate node make decision based on its ascendant nodes status, it would be better also provide the ascendant node information. For example, in Step 2a, beside 2nd-hop BH RLC CH QoS and the mapping between UE DRB and 2nd-hop BH RLC CH, donor CU also provide 1st-hop BH RLC CH QoS and the mapping between UE DRB and 1st-hop BH RLC CH.  

[image: image7]
Fig. 7 Signaling procedure for mixed method

Observation 3c: In mixed method, the donor CU can provide the UE DRB QoS, its determined mapping information and BH RLC CH QoS, and the mapping information and BH RLC CH QoS received from other intermediate nodes to a certain intermediate node, and as the feedback, such intermediate node can provide the admission results, and the suggested mapping information and BH RLC CH QoS to donor CU.
The above three figures indicate that no matter which method is select, the signalling procedure is the same. The only difference is the information included in each step. From performance point of view, the mixed method can achieve better performance since it takes more information into account when determining mapping and BH RLC CH QoS. However, such method can provide the highest flexibility for the QoS management, i.e., each node in the network can make its own decision. 
Proposal 4: the mixed method is selected for IAB QoS management. 

Proposal 5: the signalling procedure of mixed method in Fig. 7 can be considered as the start point for signalling study. 
3 Conclusion
In this discussion paper, we provide our view on the QoS framework of IAB, and propose:

Proposal 1: The intermediate IAB node can perform 1:1/1:N/N:1 mapping between incoming BH RLC CH(s) and outgoing BH RLC CH(s).
Proposal 2: The BH RLC CH QoS is decided by the node determining the mapping between UE DRB and BH RLC CH. 

Proposal 3: the determination of BH RLC CH QoS is an implementation issue. 
Proposal 4: the mixed method is selected for IAB QoS management. 

Proposal 5: the signalling procedure of mixed method in Fig. 7 can be considered as the start point for signalling study.
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