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1. Introduction
At the RAN1#93 meeting, enhancements to support NR backhaul links for NR IAB were discussed, and RAN1 made a number of agreements [1].
In this contribution, we discuss on possible enhancements to support NR backhaul links for NR IAB including IAB node initial access procedure and backhaul link selection based on discovery and measurement. 
2. Discussion on IAB node initial access procedure
At the RAN1#92bis meeting, RAN1 made following agreements regarding IAB node initial access procedure [2].
	Agreements:
· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.


On the other hand, as described in TR38.874, followings are requirements regarding SA and NSA for NR IAB [3].
	· 1:　SA and NSA shall be supported for the access link. For an NSA access link, relaying is applied to the NR path. Relaying of the LTE path is contingent on the support of backhauling of LTE traffic.
· 2:　Both NSA and SA shall be studied for the backhaul link. Backhaul traffic over the LTE radio interface is excluded from the study.
· 3:　For NSA access- and backhaul links, the study shall consider EN-DC with priority. However, other NSA options shall not be precluded from the study.


For the case where new IAB node is deployed on NW/frequency layer supporting SA, IAB donor and existing IAB node provide necessary functionalities/signals/channels for supporting standalone initial access for UE, and hence such functionalities/signals/channels provided by IAB donor and existing IAB node can also be utilized by new IAB node in order to connect to IAB donor or node and initially integrate to the NW. However, as shown in Figure 1 (a), from IAB node initial access point of view, SSB/RMSI (SIB1) transmission for UE SA support would be too frequent.
On the other hand, it is also possible scenario that new IAB node is deployed on NW/frequency layer supporting NSA only. In such scenario, since IAB donor and existing IAB node do not need to provide functionalities/signals/channels for supporting standalone initial access for UE, IAB node may not be able to follow the same initial access procedure as an access UE, as shown in Figure 1 (b). If IAB donor and existing IAB node need to provide functionalities/signals/channels as below for supporting IAB node initial access as same procedure for access UE, system efficiency and corresponding performance would degrade due to unnecessary overhead.
· For standalone initial access of UE, transmission periodicity of SS/PBCH block and RMSI (SIB1) basically needs to be short such as equal to or less than 20 ms. However, new IAB node initial access will rarely occur and even for discovery/measurement on backhaul links, transmission periodicity does not need to be so short since fixed IAB node is assumed.
· RMSI (SIB1) includes not only RACH configuration information but also many other information such as other SI scheduling that would not be necessary for new IAB node initial access. Except for information necessary to establish initial connection to IAB donor or node, RMSI (SIB1) information would not need to be broadcasted since IAB node would be able to obtain necessary information after connection is established.
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Figure 1: Signals/channels provided by IAB donor and existing IAB node in SA/NSA operation

Even in NW/frequency layer supporting NSA only, IAB node initial access should be supported for “plug and play” deployment of new IAB node. Therefore, as initial access procedure of IAB node, it is beneficial to consider some modification from initial access procedure of access UE. For example, following modifications can be considered.
· For initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms so that IAB donor/node operating NSA for access UE can transmit SS/PBCH block with long periodicity.
· RMSI for IAB node initial access is transmitted with longer periodicity than SS/PBCH block periodicity. Broadcasted RMSI for IAB node initial access would be used only for IAB node initial access and hence transmission periodicity can be even longer than 160 ms.
· RMSI for IAB node initial access transmitted by IAB node/donor supporting NSA for access UE contains only minimum necessary information to establish initial connection to IAB node/donor, such as RACH configuration.
· Presence/absence of RMSI for IAB node (not for UE) associated with SS/PBCH block is indicated by different way from RMSI presence/absence indication for UE. Otherwise, initial access UE may misunderstand that detected SS/PBCH block has associated RMSI.

Proposal 1: NR IAB should support modified initial access procedure to initially integrate to NW in addition to same initial access procedure as an access UE. At least following modifications should be considered.
· For initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.
· RMSI for IAB node initial access is transmitted with longer periodicity than SS/PBCH block periodicity.
· RMSI for IAB node initial access transmitted by IAB node/donor supporting NSA for access UE contains only minimum necessary information to establish initial connection to IAB node/donor, such as RACH configuration.
· Presence/absence of RMSI for IAB node (not for UE) associated with SS/PBCH block is indicated by different way from RMSI presence/absence indication for UE.
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3. Discussion on backhaul link selection based on discovery and measurement
At the RAN1#93 meeting, RAN1 made following agreements regarding detection and measurement of candidate backhaul links [1].
	Agreements:
· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions


Performing the detection and measurement on IAB node discovery signal such as SSB or CSI-RS is necessary for every IAB node to select appropriate backhaul link. However, we think that since detection/measurement results just provide an estimation of candidate backhaul link quality such as RSRP/RSRQ/SINR between the IAB node and candidate IAB donor or parent IAB node, additional information such as number of hops and traffic load i.e., resource utilization of candidate IAB donor or upper IAB node would be helpful for appropriate backhaul link selection.
For example, as shown in Figure 2, IAB node F is currently connected to IAB node D as parent IAB node, and IAB node D is connected to IAB node A which is IAB donor. IAB node F can detect and measure IAB node discovery signals transmitted by IAB node C and E in addition to IAB node D. IAB node D and E serve large number of access UEs and/or large traffic load compared with other IAB nodes. In such case, probably the best backhaul link for IAB node F is link CF as long as there is no big difference on link qualities among CF, DF and EF. 
If IAB node F itself is an entity for its backhaul link selection, it is beneficial for IAB node F to know e.g., resource utilization and link quality information of backhaul links for each candidate parent node such as link AC, AD and BE. Therefore, it is beneficial for every IAB node to transmit (e.g., broadcast) such information together with IAB node discovery signal so that child IAB node can select appropriate backhaul link. For example, expected throughput for the case where candidate IAB node is selected as parent node could be the reasonable metric for backhaul link selection.
[bookmark: _GoBack]On the other hand, if IAB donor will decide backhaul links for all child IAB nodes, it is beneficial for the IAB donor to know link quality information of backhaul links for every child nodes such as link AC, AD, CF, DF, BE and EF in addition to resource utilization or traffic load information for every child node. Therefore, in such case, it is beneficial for every IAB node to report those information to parent IAB node so that IAB donor can appropriately decide backhaul links, i.e., IAB network topology.

Proposal 2: For appropriate backhaul link selection, NR IAB should support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor together with IAB node discovery signal.
· If IAB donor decides backhaul links for all child IAB nodes, each IAB node reports information related to link quality and traffic load on backhaul link(s) including its measurement results on IAB node discovery signal of parent IAB node and measurement results reported from child IAB node(s).
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Figure 2: Example of IAB node backhaul link selection scenario

4. Conclusion
In this contribution, we discussed on possible enhancements to support NR backhaul links for NR IAB including IAB node initial access procedure, backhaul link selection based on discovery and measurement, and so on. Based on the discussion, we made following proposals.
Proposal 1: NR IAB should support modified initial access procedure to initially integrate to NW in addition to same initial access procedure as an access UE. At least following modifications should be considered.
· For initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.
· RMSI for IAB node initial access is transmitted with longer periodicity than SS/PBCH block periodicity.
· RMSI for IAB node initial access transmitted by IAB node/donor supporting NSA for access UE contains only minimum necessary information to establish initial connection to IAB node/donor, such as RACH configuration.
· Presence/absence of RMSI for IAB node (not for UE) associated with SS/PBCH block is indicated by different way from RMSI presence/absence indication for UE.
Proposal 2: For appropriate backhaul link selection, NR IAB should support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor together with IAB node discovery signal.
· If IAB donor decides backhaul links for all child IAB nodes, each IAB node reports information related to link quality and traffic load on backhaul link(s) including its measurement results on IAB node discovery signal of parent IAB node and measurement results reported from child IAB node(s).
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