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1 Introduction
Based on the discussion of IAB SI phase in last RAN2 #104 meeting, the following agreements about the UP architectures are achieved [1]: 
“We go for the consolidated example 1, “adapt above RLC” + “LCID ext.
“Confirm that GTP-U is included in the UP stack for F1-U;
“The Rel.16 IAB WI focuses on only “IP termination at Access IAB node;”.
Besides that, in the RAN2 #103bis meeting, it was agreed that a unified design for IAB architecture should support both many-to-one bearer mapping and one-to-one bearer mapping [2].
In this contribution, we are going to discuss the UP architecture of IAB network to meet the requirements based on these agreements. 
2 [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Discussion
Among the 5 proposed candidate UP architectures shown in section 8.2.1 of [3], it seems that only the alternative e) can meet all the requirements. The detailed UP protocol stack of alt e) is shown in the Figure 1. 


[bookmark: _Ref536107798][bookmark: OLE_LINK68]Figure 1. The UP protocol stack of alternative e).
With alternative e), the downlink bearer mapping in Donor DU is performed based on the QoS related information carried in the IP header of an ingress DL packet, and some pre-configured mapping rules between the QoS related information and the BH RLC channels. The mentioned QoS related information may be the DSCP field in IPv4, or the Flow label field in IPv6. However, such mapping mechanism of donor DU does not support 1:1 bearer mapping, since the DSCP/Flow label field in IP header is too short to identify a unique UE bearer. Then it is hard for the alt e) to meet the requirement of unified design. More details about the analysis of bearer mapping in donor DU can be found in [4]. Therefore, the GTP-U TEID which is enough to identify a unique UE bearer should be somehow visible to donor DU for DL transmission.
[bookmark: OLE_LINK69]Observation 1: In the current UP protocol alternative e), 1:1 bearer mapping at donor DU for DL relies on the DSCP/Flow-label field in the IP header, which is not enough compared to GTP-U TEID.
Proposal 1: The GTP-U TEID is required for 1:1 DL bearer mapping and needs to be visible to the donor DU in the UP protocol stack.
To address the above problem for the downlink bearer mapping in donor DU, we try to propose the following three options to enhance the UP protocol stack at donor DU. 
Option 1) donor DU works as proxy node of the F1*-U


[bookmark: _Ref536174359]Figure 2. The UP protocol stack of alternative f).
As shown in Figure 2, in the new proposed alternative f), the donor DU node works as a proxy node of the F1*-U between IAB node 2 and CU-UP. Thus the F1*-U GTP-U tunnel is divided into two parts, the first part is across the intra-donor F1 interface between CU-UP and donor DU, and it is one to one mapped to the second GTP-U tunnel which is across wireless backhaul links from donor DU to IAB-DU. Considering that the securing F1*-U may need to be supported, the security of F1*-U for alternative f) will be achieved through a two parts protection mechanism, i.e. IPsec based solution being used for the intra-donor F1 interface, and PDCP/ IPsec based solution being used for the wireless backhaul link between donor DU and IAB-DU. Considering that SA3 haven’t make decision about which security mechanism be chosen for protecting the F1*-U, the protocol stack for securing F1*-U does not shown in the Figure 2.
Since the GTP-U tunnel in F1*-U is one to one mapped to a UE DRB, the donor DU in alternative f) can be provided with information about the UE bearer through the “GTP-U TEID+IP address” in intra-donor F1 interface, then the donor DU can do 1:1 bearer mapping towards it child node IAB node 1 for downlink packets. 
Observation 2: Alternative f), where donor DU works as a proxy node of the GTP-U tunnel between CU-UP and access node, can provide the TEID to donor DU for 1:1 bearer mapping of DL.
Option 2) F1*-U is visible for donor DU.
The second option can still refer the protocol stack of alternative e) shown in Figure 1, but the GTP-U header of the F1*-U is visible to the donor DU, then the donor DU can identify the UE DRB according to the GTP-U TEID carried in the packet, and then the 1:1 mapping is easy to be supported for downlink transmission in donor DU. This option requires a two parts security mechanism to protect the F1*-U between the access IAB node and the donor CU-UP, i.e. one part (e.g. IPsec based solution [5]) for the intra-donor F1 interface, and another parte (e.g. PDCP/IPsec based solution) for the wireless backhaul links between donor DU and the access IAB node.  
Option 3) F1*-U being encapsulated in F1-U in the intra-donor F1 interface


[bookmark: _Ref536177812]Figure 3. The UP protocol stack of alternative g).
Another variant is shown in Figure 3, such alternative g) is derived through combing the alt e) and the example shown in Figure 8.2.8-1 in [3]. In the alternative g), the inner F1*-U is encapsulated in another outer F1-U, i.e. the intra-donor F1-U. If security protection for the F1*-U is necessary, the PDCP/IPsec based E2E protection between access IAB node and CU-UP, and the IPsec based solution can still be used in the intra-donor F1-U interface to protect the outer GTP-U.
The inner GTP-U tunnel in F1*-U is one to one mapped to a UE DRB. The outer GTP-U tunnel is either one to one mapped to a UE bearer, or one to one mapped to the RLC channel between donor DU and its child node (e.g. IAB node 1 in Figure 3). For the former case, the donor DU can identify a received DL packet belongs to which UE DRB through the “outer GTP-U TEID+IP address”, then it can support 1:1 bearer mapping also. For the latter case, the CU can do the downlink mapping bearer mapping (either 1:1 or N:1 mapping) towards the RLC channel in the first wireless backhaul hop, then it indicate the chosen BH RLC channel to donor DU through carrying the outer GTP-U TEID in the downlink packet, donor DU just chosen the RLC channel in the first BH hop according to CU’s decision. Compared with alternative f), the alternative g) requires more overhead in the intra-donor F1 interface.
Observation 3: Alternative g), where inner GTP-U tunnel is encapsulated in another outer GTP-U tunnel, can provide the TEID of outer GTP-U tunnel to donor DU for 1:1 bearer mapping of DL.
Proposal 2: Three options can be considered to enhance the UP protocol stack at donor DU:
1) Donor DU works as a proxy node of the GTP-U tunnel between donor CU-UP and access node; 
2) Two hops of security protection for the E2E GTP-U tunnel of F1*-U (e.g. one hop for intra-donor F1 interface, another hop between donor DU and the access IAB node); 
3) The inner GTP-U tunnel of F1*-U is encapsulated in the outer GTP-U tunnel between donor CU-UP and donor DU.
Considering that the enhancement mainly focus on the donor DU, the down selection of the 3 enhancement options should be decided by RAN3, according to the security mechanism chosen by SA3, Therefore, we propose 
Proposal 3: RAN2 ask RAN3 and SA3 to decide which option to be used, by considering the security aspects, and RAN2 assumes the GTP-U TEID is visible to donor DU. 
3 Conclusion
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]This paper mainly discusses the remaining issues of UP protocol stack design for IAB networks, then we draw the following observations and proposals:
Observation 1: In the current UP protocol alternative e), 1:1 bearer mapping at donor DU for DL relies on the DSCP/Flow-label field in the IP header, which is not enough compared to GTP-U TEID.
Observation 2: Alternative f), where donor DU works as a proxy node of the GTP-U tunnel between CU-UP and access node, can provide the TEID to donor DU for 1:1 bearer mapping of DL.
Observation 3: Alternative g), where inner GTP-U tunnel is encapsulated in another outer GTP-U tunnel, can provide the TEID of outer GTP-U tunnel to donor DU for 1:1 bearer mapping of DL.
Proposal 1: The GTP-U TEID is required for 1:1 DL bearer mapping and needs to be visible to the donor DU in the UP protocol stack.
Proposal 2: Three options can be considered to enhance the UP protocol stack at donor DU:
1) Donor DU works as a proxy node of the GTP-U tunnel between donor CU-UP and access node; 
[bookmark: _GoBack]2) Two hops of security protection for the E2E GTP-U tunnel of F1*-U (e.g. one hop for intra-donor F1 interface, another hop between donor DU and the access IAB node); 
3) The inner GTP-U tunnel of F1*-U is encapsulated in the outer GTP-U tunnel between donor CU-UP and donor DU.
Proposal 3: RAN2 ask RAN3 and SA3 to decide which option to be used, by considering the security aspects, and RAN2 assumes the GTP-U TEID is visible to donor DU. 
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