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1. Introduction & Background

Self-backhauling is considered to be a key enabler for coverage and capacity enhancements in NR. And a new SI Study on Integrated Access and Backhaul(IAB) for NR[1] was approved to study how to develop access and backhaul link in a more integrated manner. One of the objectives of the SID is following:
· RAN-based mechanisms to support dynamic route selection (potentially without core network involvement) to accommodate short-term blocking and transmission of latency-sensitive traffic across backhaul links

At RAN2 ad hoc 1801meeting, IAB was discussed and the following agreement were captured [2]

Agreements

1: IAB design shall support multiple backhaul hops


-
The architecture should not impose limits on the number of backhaul hops.


-
The study should consider scalability to hop-count an important KPI.


-
Single hop is considered a special case of multiple backhaul hops.
2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
This contribution further discussed potential architecture for IAB connectivity and dynamic route selection.

2. Discussion
2.1. Discussion on IAB upstream backhaul connectivity
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Figure 1: IAB deployment with NR-NR DC 
IAB SI will work on solution on how to accommodate and avoid short term transmission blocking in case a UE is being served by an IAB. Similarly to short term signal blocking between UE and IAB, short term signal blocking may also occur between Donor IAB and IAB. To accommodate shot term IAB to Donor IAB transmission blockage, the IAB may be simultaneously connected to more than one Donor IAB. If the IAB is simultaneously connected to multiple Donor IABs, it may require that some kind of coordination exit between these different Donor IABs. If there is no coordination between donors, in some cases the IAB may not work properly, for example if Donor 1 configure sub-frame 1 for IAB backhaul link and donor 2 configure the same sub-frame 1 for  IAB access link, the IAB would not be able to work. So tight coordination would be require between donors

This coordination may come with significant standardization work. Another possible approach to accommodate short term transmission blockage between IAB and Donor IAB may be consider IAB deployment in NR-DC, as described in figure 1. With IAB deployment in NR-DC mode will accommodate short term blockage either between IAB and Donor MN or between IAN and Donor SN.
Observation 1: IAB deployment in NR-DC mode will accommodate short term blockage either between IAB and Donor IAB
IAB in DC mode with two donors will also ensure robust backhaul linking and will also boost backhaul throughput at the IAB.

NR Rel-15 version will support NR-NR DC for UE. NR-NR DC mode IAB will inherit ongoing NR-NR DC specification work, therefore, IAB deployment in NR-NR DC mode can also be completed in the same frame work of IAB specification timeline. Therefore,
Proposal 1: RAN2 to confirm that an IAB can be connected to two donors in NR-DC mode for robust backhaul connectivity and IAB throughput boost.
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Figure 2: IAB with two backhaul
For UE traffics with different QoS, e.g., latency sensitive traffic and non-latency sensitive traffics it was proposed to consider different backhauling terminated at the same IAB. For example, as described in figure 2, UE has eMBB and URRLC at IAB 4 but with two different route: Donor-IAB 1-IAB 4 and Donor-IAB 2-IAB 3-IAB 4, respectively. 
For IAB 1 and IAB 3’s point of view, the IAB 4 can be considered as a UE, but not in DC mode. As described above, the kind of IABs also have support tight coordination, otherwise the IAB with two backhauling traffic may not work at all. And this coordination may be with more specification impact. Therefore,
Proposal 2: Unless in DC mode, an IAB always maintains only one upstream backhaul link with donor or with other IAB
2.2. Dynamic route selection
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Figure 3: Dynamic route selection
IAB SI will also consider dynamic IAB route selection in multi-hop IAB deployment scenario. Main reasons for dynamic route selection can be classified as follows:
· Case 1: Previous hop IAB or serving IAB overloaded, e.g., in figure 3 if IAB 1 (serving IAB of IAB 3) is overloaded, changing IAB route may be considered
· Case 2: Backhaul link quality become worse, e.g., in figure 3 backhaul link between serving IAB 1 and IAB 3 (served IAB)
· Case 3: Backhaul link failure, e.g., in figure 3 backhaul link between serving IAB 1 and served IAB 3
For case 1, if previous hop IAB is overloaded, a possible solution would be that IAB traffic being handover to another IAB. For example in figure 3, if serving IAB 1 is overloaded, traffic between serving IAB 1 and served IAB 3 can be handover to IAB 2
For case 2, if backhaul link quality drop below threshold, a possible solution would be that IAB link traffic being handover to another IAB link. For example in figure 3, if link quality between serving IAB 1 and served IAB 3 becomes worse, serving IAB 1 can handover served IAB 3 traffic to IAB 2 or IAB 4.

Observation 2: In case IAB backhaul link quality drop or if an IAB is overloaded, IAB backhaul traffic HO is viable solution
IAB can be configured for neighbour IAB measurement and to report measurement result to serving IAB. When a serving IAB is overloaded or IAB link quality drops, based on neighbour IAB measurement results. the serving IAB can inform a neighbouring IAB and trigger IAB backhaul link HO. For example, in figure 3, IAB 1 can inform IAB 2 and HO backhaul link traffic between serving IAB 1 and served IAB 3.
Proposal 3: In case of IAB overloaded or IAB backhaul link quality drop, NR UE HO is considered as starting point for dynamic IAB route selection/change.
In case 3 of backhaul link failure, e.g., in figure 3 backhaul link between serving IAB 1 and served IAB 3, as the radio link between serving IAB 1 and served IAB 3 is broken, serving IAB 1 cannot HO served IAB 3 to any neighbour IAB. But when backhaul link is failed, the served IAB 3 can also be aware of the failure.  In such, a possible solution for IAB route change would be that the served IAB 3 perform UE like cell selection after RLF. If served IAB 3 can perform IAB reselection, IAB 3 can dynamically connect to other IAB. For example in figure 3, IAB 3 can reselect IAB and connect to IAB2
Proposal 4: In case of IAB backhaul link failure, NRUE cell reselection and re-establishment is considered as starting point for dynamic IAB route selection/change.

3. Conclusion

This contribution discusses IAB dynamic route selection and concludes with the following observation and proposals:

Observation 1: IAB deployment in NR-DC mode will accommodate short term blockage either between IAB and Donor IAB
Proposal 1: RAN2 to confirm that an IAB can be connected to two donors in NR-DC mode for robust backhaul connectivity and IAB throughput boost.

Proposal 2: Unless in DC mode, an IAB always maintains only one upstream backhaul link with donor or with other IAB
Observation 2: In case IAB backhaul link quality drop or if an IAB is overloaded, IAB backhaul traffic HO is viable solution

Proposal 3: In case of IAB overloaded or IAB backhaul link quality drop, NR UE HO is considered as starting point for dynamic IAB route selection/change.

Proposal 4: In case of IAB backhaul link failure, NRUE cell reselection and re-establishment is considered as starting point for dynamic IAB route selection/change.
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