3GPP TSG-RAN WG2 Meeting #113bis electronic
R2-2103141
Online, April 12 – April 20, 2021
Title: 
Discussion on supporting CHO and DAPS in IAB
Source: 
ZTE, Sanechips
Agenda item:
8.4.3
Document for:
Discussion and Approval
Introduction
During RAN2#113-e meeting, the issues on supporting CHO and DAPS-like solution in IAB were discussed and some agreements were reached. In this contribution, we further discuss the issues on CHO and DAPS-like solution in IAB and present our considerations.  
Support of CHO in IAB
During RAN2#113-e meeting, the following agreements regarding CHO were reached: 

	RAN2 to discuss CHO and start with intra-donor CHO until RAN3 has made progress on inter-donor IAB-node migration.

R2 confirm the intention Rel-16 CHO is / can be used for IAB-MT (FFS whether any modification is needed). 

R2 assumes that Rel-16 specification is the baseline for the configuration of default route, IP address(es) and target path for intra-donor CHO.


Since IAB-donor-CU is not able to predict which IAB node may suffer channel quality deterioration or perform migration, it is suggested that IAB-donor-CU prepare the CHO configuration for each IAB node which is controlled by the IAB-donor-CU. Moreover, the CHO configuration of the IAB-node may contain the configuration of target cells belong to either serving IAB-DU or other candidate IAB-DUs. 

Proposal 1: IAB-donor-CU may prepare the CHO configuration for each IAB node which is controlled by the IAB-donor-CU.

In our view, two types of CHO configuration could be considered for IAB node, among which one type of CHO configuration is used when migration is initially triggered by itself and the other type is used when CHO is triggered due to the migration of the upstream node. After receiving the first type of CHO configuration, the IAB-node may evaluate the CHO execution conditions, e.g. CHO events A3/A5, for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the IAB-MT detaches from the source parent node, applies the stored configuration for that selected candidate cell and synchronises to that candidate cell. When the IAB-node acts as a descendant node, it should trigger the CHO due to the migration of its upstream node and enable the corrsponding CHO configuration. 

According to the agreement, Rel-16 specification is the baseline for the configuration of default route and IP address(es). As specified in Rel-16 IAB, for inter-donor-DU migration, not only the migrating IAB-node but also the descendant IAB node needs to be configured with default route and IP address(es) for target path via RRCReconfiguration message. In our view, the CHO configuration which is used when upstream node performs CHO, should include the default route and IP address(es) as well, and is configured by the donor CU to the descendant IAB-node(s) in advance to reduce service interruption. In this situation, upon CHO is triggered at descendant node, it can immediately send non-F1/F1-C packets, and then switch F1-C connection and F1-U tunnels to new IP addresses. 

Proposal 2: The CHO configuration which is used due to the migration of the upstream node, could include the default route and IP address(es), and is configured to the descendant IAB-node(s) in advance to reduce service interruption.

Furthermore, CHO execution conditions for the descendant IAB node need to be considered since the channel condition between IAB node and its parent node might not deteriorate if CHO is triggered due to the migration of upstream node. One possible way is that the migration IAB node sends an indication to descendant IAB node. Once receiving the indication, the descendant node triggers the CHO and enable the corresponding CHO configuration. Regarding the indication, it can be the donor-DU BAP address. We take the Figure below as an example. Suppose IAB-node 2 and IAB-node 7 are IAB-node 3’s candidate parent nodes. Based on the above analysis, the IAB-node 4 could be configured with two sets of CHO configurations. One set is used when IAB-node 3 connects to IAB-node 2 and another set is used when IAB-node 3 connects to IAB-node 7. If IAB-node 3 selects IAB-node 2 as its target parent node, it can send the BAP address of donor-DU 2 to IAB-node 4. Then IAB-node 4 enables the corresponding CHO configuration.  
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Figure 1 IAB topology
Proposal 3: The CHO execution conditions for the descendant IAB node need to be further considered if the CHO is triggered due to the migration of upstream node.

In addition, whether to support the early resource reservation for descendant IAB-node(s)/UEs is another key issue to support intra-CU CHO. In our opinion, if the BH RLC channel resources are reserved for the migrating IAB-node along the candidate paths, the resources for descendant IAB-node(s)/UEs are actually contained in it. Because the BH RLC channel, established at the IAB-nodes and donor-DU along the candidate target path, can be used for packet transfer to/from the descendant IAB-node(s)/UEs. In other words, it is not necessary to reserve the resources specific for descendant IAB nodes and UEs. 

Observation 1: If the BH RLC channel resources are reserved for the migrating IAB-node along the candidate paths, the resources for descendant IAB-node(s)/UEs are actually contained in it.
Supporting of DAPS-like solution in IAB
During RAN2#113-e meeting, the issues on DAPS-like solution were discussed based on incoming LS [1] from RAN3 and a reply LS [2] was agreed. Meanwhile, during RAN3#111-e meeting, RAN3 assumes that a DAPS-like solution for backhauling should be defined by RAN2 and another LS was sent from RAN3 to invite RAN2 to discuss it. According to the incoming LS from RAN3 [1] as below, DAPS-like solution was discussed in RAN3 for inter-donor topology adaptation. Three use cases including load balancing, robustness and reduction of service interruption were considered by RAN3. Furthermore, the above three use cases were discussed and clarified in RAN3 in [3] as below:

	Load balancing: Some F1-U traffic can be routed via the source path while other F1-U traffic is routed via the target path. 
Robustness: It is assumed that robustness is achieved by using the IAB-MT’s second link as backup for UP and CP, e.g., in case the first link fails. 

Reduction of service interruption: It is assumed that the migration of F1-U from one parent link to the other parent link can be done with lower service interruption compared to migration of a single connected IAB-MT migration using Xn handover.


As we know, it was already agreed in RAN3 that NR-DC is considered as a baseline for simultaneous connectivity to two parents. In our view, dual connectivity of IAB node can achieve load balancing and robustness. DAPS HO was designed in R16 NR to reduce service interruption in which temporary dual connectivity is maintained during HO. With DAPS HO, UE maintains the the connection with source gNB after reception of HO command. And UE releases the source cell upon RRC indication after successful random access to the target gNB. In a sum, we think load balancing and robustness could be achieved by NR-DC. For inter-donor migration scenario, DAPS-like solution could be used to reduce the service interruption for single connected IAB-MT, which is similar as R16 DAPS. 
Proposal 4: For inter-donor migration scenario, DAPS-like solution could be used to reduce the service interruption.

During the last RAN3 meeting, inter-donor migration procedure for a single-connected IAB-MT was discussed. It was agreed that inter-donor migration may terminate after top-level IAB-MT migration. And the following working assumption was achieved: migration of collocated IAB-DU after the migration of the (top-level) migrating IAB-MT, is not precluded. Based on the above RAN3 process, we discuss the following two inter-donor migration scenarios and how to support the DAPS-like solution in these two scenarios.
Scenario 1: Inter-donor migration stops at migrating IAB-MT

Scenario 2: Descendant nodes and UEs are also migrated to target donor
Migration stops at migrating IAB-MT

In scenario 1, the inter-donor migration stops at migrating IAB-MT, migrating IAB-DU and descendant node and UEs are not migrated to target donor, which is illustrated in Figure 2. During inter-donor migration, if DAPS-like solution is not applied to migrating IAB-MT, migrating IAB-MT shall disconnect to source parent node and stop UL/DL transmission/reception in source link after receiving handover command message. Even if inter-donor migration stops at migrating IAB-MT, F1 transport path for collocated and all descendent IAB-DUs need to be migrated to target path via target donor DU. 
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Figure 2. Inter-donor migration which stops at top-level IAB-MT
After migrating IAB-MT successfully completes random access and new path between source donor CU and migrating/descendant IAB-MT via target donor DU is ready, the UL/DL data transmission/reception could be resumed. This means the data packet transmission/reception at migrating IAB-MT has to be suspended for a while which may lead to service interruption. Moreover, uplink nonACKed packets and on-the-fly packets with old BAP routing ID and old IP addresses should not be transmitted by migrating IAB-MT via target path. And downlink on-the-fly packets received at source parent node after sending HO command to migrating IAB-MT shall be discarded by source parent node, which would lead to packet loss. 

Observation 2: For inter-donor migration, DAPS-like solution may be helpful in reducing service interruption and packet loss during migrating IAB-MT random access and F1 transport migration. 

For inter-donor migration which stops at migrating IAB-MT, considering that random access procedure is not needed for UE and UE is not handed over from one gNB to another gNB, there is no need to apply DAPS-like solution to descendant nodes and UEs. 

Observation 3: If inter-donor IAB-node migration stops at migrating IAB-MT, DAPS-like solution only need to be applied to migrating IAB-MT. 
Assuming that DAPS-like solution is applied to migrating IAB-MT, migrating IAB-MT could continue UL new data transmission  via source parent node after reception of HO command message until random access is completed and target path is ready, i.e. new IPsec tunnels via target donor DU are established and routing table for target path is configured. Moreover, packets sent by migrating IAB-MT but not acknowledged by source parent node could be re-transmitted by migrating IAB-MT via source path after UL data switching. However, whether UL on-the-fly data packets with old BAP routing ID and old IP addresses received at migrating IAB-MT after UL data switching could be transmitted via source path needs further discussion. During last RAN2 meeting, simultaneous UL transmission was discussed based on LS from RAN3. And RAN2 understanding is that in Rel.16 DAPS HO, simultaneous transmissions of UL new data in source and target cell is not supported. In the reply LS [4], RAN1 was consulted as to whether simultaneous UL transmissions can be supported in Rel-17. So we can wait for RAN1’s reply on simultaneous UL transmissions. The routing of uplink packets is analyzed in table 1 as below.

Table 1. Routing of uplink packets if DAPS-like solution is applied to migrating IAB-MT
	Before random access is completed and target path is ready
	UL packets with old IP address and routing ID
	Source path

	After random access is completed and target path is ready
	UL UP packets with new IP address and routing ID 
	Target path

	
	nonACKed packet (HARQ data re-transmissions, and RLC data re-transmission)
	Source path

	
	UL on-the-fly packets with old IP address and BAP routing ID
	FFS, wait for RAN1’s reply

	
	BAP control PDU, CSI feedback, HARQ feedback, layer 2 RLC feedback, ROHC feedback
	Source path or target path




Proposal 5: Assuming that DAPS-like solution is applied to migrating IAB-MT, for UL, migrating IAB-MT could continue UL data transmission via source parent node after reception of HO command message. And migrating IAB-MT performs UL data switching after successful random access and target path is ready
Proposal 6: Whether new data (e.g. UL on-the-fly packets) could be transmitted to source parent node by migrating IAB-MT after UL data switching needs further discussion based on RAN1’s reply. 
For DL, assuming DAPS-like solution is applied to migrating IAB-MT, source donor CU could continue DL transmission via source path after reception of HO request ACK message for migrating IAB-MT. After receiving HO request ACK message, source donor CU sends F1AP UE context modification request message which includes HO command for migrating IAB-MT to migrating IAB-DU. In our view, source parent node could continue DL data transmission after receiving F1AP UE context modification request message, so that DL on-the-fly packets could be delivered to migrating IAB node via source path. 
Descendant nodes/UEs are also migrated to target donor

In inter-donor migration scenario 2, descendant nodes/UEs are also migrated to target donor, which is illustrated in Figure 3. The following two options could be considered with regard to DAPS-like solution, which are analyzed respectively in the below. 

Option 1: DAPS-like solution only applies to migrating IAB-MT

Option 2: DAPS-like solution applies to migrating IAB-MT and UEs
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Figure 3. Inter-donor migration where all descendant nodes/UEs are also migrated
Option 1: DAPS-like solution only applies to migrating IAB-MT

In this option, all the migrating/descendant IAB-MT and UEs are migrated to target donor. And DAPS-like solution is only applied to migrating IAB-MT while normal handover procedure is applied to descendant IAB-MTs and UEs. Using DAPS-like solution, migrating IAB-MT could continue UL data transmission via source parent node after reception of HO command message. Whether UL on-the-fly packets could be transmitted to source parent node by migrating IAB-MT after UL data switching needs further discussion based on RAN1’s reply. On the other hand, UE may perform random access and PDCP re-establishment upon reception of  HO command message. Assuming DAPS-like solution is not applied to UEs, UE stops UL transmission during the period of PDCP re-establishment after receiving HO command message, which leads to UL service interruption. 

Observation 4: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor and DAPS-like solution only applies to migrating IAB-MT, UE stops UL transmission during the period of PDCP re-establishment after receiving HO command message, which leads to UL service interruption. 
For downlink UE data, source donor CU shall stop DL new data transmission upon reception of HO request ACK message for UE. And then source donor CU sends F1AP UE context modification message which includes HO command message for UE to the access IAB-DU. Target donor CU could start DL data transmission upon reception of RRCreconfigurationcomplete message from UE. However, some on-the-fly packets protected by source security key sent from source donor CU might arrive at access IAB node after reception of F1AP UE context modification message which includes HO command message for UE, e.g., due to re-transmission in backhaul link. As stated above, UE may perform random access and PDCP re-establishment upon reception of  HO command message. And the PDCP security key should be refreshed after PDCP re-establishment. As a result, these DL on-the-fly packets ciphered by source security key should not be sent from access IAB node to UE. Otherwise, if security key is refreshed by UE and  integrity protection is not configured for the corresponding DRB, UE would decipher these DL on-the-fly packets with target key and deliver PDCP SDU to upper layer. If security key is refreshed by UE and integrity protection is applied for the corresponding DRB, UE would decipher these DL on-the-fly packets with target key and then perform integrity verification with algorithm and key configured by target donor. Since integrity protection of these on-the-fly packets were performed using integrity protection algorithm and key configured by source donor, the integrity verification would fail and UE would discard these on-the-fly packets. In order to solve the above issue, the access IAB node shall stop transmission of these on-the-fly packets sent from source donor CU. 
Observation 5: For downlink, source donor CU stop DL new data transmission upon reception of HO request ACK message for UE. And target donor CU starts DL data transmission upon reception of RRCreconfigurationcomplete message from UE, which leads to DL service interruption.

Observation 6: DL on-the-fly packets protected by source security key received at access IAB node after sending HO command to UE shall be discarded at the access IAB node, which would lead to packet loss. 
Option 2: DAPS-like solution applies to migrating IAB-MT and UEs

In this option, all the migrating/descendant IAB-MT and UEs are migrated to target donor using DAPS-like handover procedure. For uplink, similarly, migrating IAB-MT could continue UL data transmission via source parent node after reception of HO command message. And whether UL on-the-fly packets could be transmitted to source parent node by migrating IAB-MT after UL data switching needs further discussion based on RAN1’s reply. Assuming DAPS-like solution is also applied to UEs, UE could continue UL data transmission during PDCP re-establishment after receiving HO command message so that UL service interruption could be reduced. 
For downlink, source donor CU could continue DL new data transmission upon reception of HO request ACK message for UE until source donor CU receives HO success message and target path is ready. On-the-fly packets sent from source donor CU could also be transmitted from access node to UE assuming that two PDCP protocols for both source and target donor CU exist in UE, which could reduce packet loss. 

Observation 7: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor using DAPS-like solution, UE could continue UL data transmission during PDCP re-establishment after receiving HO command message so that UL service interruption could be reduced.
Observation 8: For downlink, source donor CU could continue DL new data transmission upon reception of HO request ACK message for UE until source donor CU receives HO success message and target path is ready. 

Observation 9: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor using DAPS-like solution, packet loss could be reduced since DL on-the-fly packets sent from source donor CU could be successfully delivered to UE. 
Proposal 7: RAN2 to start with DAPS-like solution for migrating IAB-MT, whether DAPS-like solution is also applied to UE needs further study. 
Protocol stacks for DAPS-like solution
With regard to the protocol stacks, for migrating IAB-MT supporting DAPS-like solution, two independent RLC/MAC/PHY protocol stacks shall be established. And these two set of RLC/MAC/PHY protocol stacks are used for the processing of packets from source and target cells respectively. However, one BAP entity could be shared between the two backhaul links since routing function shall be performed by BAP entity across the two links, which is similar as NR-DC in Rel-16 IAB. Assuming that DAPS-like solution is also applied to UE, two set of PDCP protocol stacks shall be established at UE for the source and target donor respectively. In addition, two set of RLC protocol stacks need to be established for the source and target link in order to distinguish data transmitting/receiving to/from source and target link. However, only one set of MAC/PHY protocol is needed since the UE’s access IAB node is not changed during migration.
Proposal 8: For migrating IAB-MT using DAPS-like solution, two independent RLC/MAC/PHY protocol stacks shall be established. And one BAP entity could be shared between the two backhaul links. 

Proposal 9: Assuming that DAPS-like solution is also applied to UE, two set of PDCP/RLC protocol stacks shall be established at UE for the source and target donor respectively. However only one set of MAC/PHY protocol is needed since the UE’s access IAB node is not changed during migration.
Conclusion
In this contribution, we further discussed the issues on CHO and DAPS-like solution in IAB. And we have the following observations and proposals:

Observation 1: If the BH RLC channel resources are reserved for the migrating IAB-node along the candidate paths, the resources for descendant IAB-node(s)/UEs are actually contained in it.
Observation 2: For inter-donor migration, DAPS-like solution may be helpful in reducing service interruption and packet loss during migrating IAB-MT random access and F1 transport migration. 

Observation 3: If inter-donor IAB-node migration stops at migrating IAB-MT, DAPS-like solution only need to be applied to migrating IAB-MT. 
Observation 4: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor and DAPS-like solution only applies to migrating IAB-MT, UE stops UL transmission during the period of PDCP re-establishment after receiving HO command message, which leads to UL service interruption. 
Observation 5: For downlink, source donor CU stop DL new data transmission upon reception of HO request ACK message for UE. And target donor CU starts DL data transmission upon reception of RRCreconfigurationcomplete message from UE, which leads to DL service interruption.

Observation 6: DL on-the-fly packets protected by source security key received at access IAB node after sending HO command to UE shall be discarded at the access IAB node, which would lead to packet loss. 
Observation 7: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor using DAPS-like solution, UE could continue UL data transmission during PDCP re-establishment after receiving HO command message so that UL service interruption could be reduced.
Observation 8: For downlink, source donor CU could continue DL new data transmission upon reception of HO request ACK message for UE until source donor CU receives HO success message and target path is ready. 

Observation 9: In inter-donor migration where all the migrating/descendant IAB-MT and UEs are migrated to target donor using DAPS-like solution, packet loss could be reduced since DL on-the-fly packets sent from source donor CU could be successfully delivered to UE. 

Proposal 1: IAB-donor-CU may prepare the CHO configuration for each IAB node which is controlled by the IAB-donor-CU.

Proposal 2: The CHO configuration which is used due to the migration of the upstream node, could include the default route and IP address(es), and is configured to the descendant IAB-node(s) in advance to reduce service interruption.

Proposal 3: The CHO execution conditions for the descendant IAB node need to be further considered if the CHO is triggered due to the migration of upstream node.
Proposal 4: For inter-donor migration scenario, DAPS-like solution could be used to reduce the service interruption.

Proposal 5: Assuming that DAPS-like solution is applied to migrating IAB-MT, for UL, migrating IAB-MT could continue UL data transmission via source parent node after reception of HO command message. And migrating IAB-MT performs UL data switching after successful random access and target path is ready
Proposal 6: Whether new data (e.g. UL on-the-fly packets) could be transmitted to source parent node by migrating IAB-MT after UL data switching needs further discussion based on RAN1’s reply. 
Proposal 7: RAN2 to start with DAPS-like solution for migrating IAB-MT, whether DAPS-like solution is also applied to UE needs further study. 
Proposal 8: For migrating IAB-MT using DAPS-like solution, two independent RLC/MAC/PHY protocol stacks shall be established. And one BAP entity could be shared between the two backhaul links. 

Proposal 9: Assuming that DAPS-like solution is also applied to UE, two set of PDCP/RLC protocol stacks shall be established at UE for the source and target donor respectively. However only one set of MAC/PHY protocol is needed since the UE’s access IAB node is not changed during migration.
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