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1. Introduction
At the RAN1#94 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 possible enhancements to support NR backhaul links for NR IAB including IAB node initial access procedure, backhaul link selection based on discovery/measurement and transmission timing of IAB node. 
2. Discussion on IAB node initial access procedure (Stage 1)
At the RAN1#94 meeting, RAN1 made the following agreements regarding IAB node initial access procedure [1].
	Agreements:
· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: how to support NSA deployment
· FFS whether Stage 2 enhancements (if any) can be applied to Stage 1



On the other hand, as described in TR38.874, there are the following 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.



There would be a possible scenario where a new IAB node is deployed on NW/frequency layer supporting NSA only, e.g., on higher frequency to expand the coverage. In such a scenario, since IAB donor and existing IAB node on the frequency layer do not need to provide functionalities/signals/channels for supporting standalone initial access for UE, IAB node cannot follow the same NR initial access procedure as an access UE. If the new IAB node supports LTE MT functionalities, it may be possible to use LTE initial access and EN-DC procedures for IAB node initial access. However, the LTE MT functionalities are not necessary at all for IAB operation after IAB node initial access, and hence implementing LTE MT functionalities on IAB node seems inefficient. In addition, if IAB donor and existing IAB node need to provide functionalities/signals/channels as described below for supporting IAB node initial access, i.e., the same procedure for access UE, system efficiency and corresponding performance would be degraded 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, the 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 also 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 160ms.
· 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: For NR IAB in NSA deployment, at least the following modifications to support IAB node initial access procedure should be considered.
· For IAB node initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.
· RMSI for IAB node initial access can be 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.

In addition, in both SA deployment and NSA deployment, enhancements introduced for Stage 2 (inter-node discovery/measurement for backhaul link management) can be considered also for Stage 1 so that appropriate IAB donor/parent node can be selected even in the initial access.
For example, it would be possible that some nodes support IAB donor/parent functionalities while other nodes do not support IAB donor/parent functionalities. This is because that IAB donor/parent node needs to have specific functionalities such as inter-node coordination/signaling and special handling of BH UL reception timing which may be different from UE UL reception timing (e.g., in case#6). In such a case, we consider it is beneficial that IAB donor/node supporting donor/parent functionalities transmits implicit or explicit indication so that new IAB node can identify whether detected SSB or CSI-RS is sent by candidate donor/parent node or not. This enhancement is applicable to both Stage 1 and Stage 2 and in both SA deployment and NSA deployment.
Proposal 2: For NR IAB in SA/NSA deployment, it is beneficial to indicate/broadcast the support of donor/parent functionalities from IAB node in order to avoid unnecessary initial access/discovery/measurement procedures for surrounding node(s) not supporting donor/parent functionalities.
· FFS: how to indicate/broadcast the support of donor/parent functionalities.
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3. Discussion on backhaul link selection based on discovery and measurement (Stage 2)
At the RAN1#94 meeting, RAN1 made following agreements regarding detection and measurement of candidate backhaul links [1].
	Agreements:
· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one of the following solutions should be supported:
· SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:
· Cell detection/measurement performance impact due to loss of SSB occasions due to muting
· Discovery of SSBs by access UEs which are intended only for IAB node discovery
· CSI-RS based solutions (Solution 2)
· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS
Agreements:
· For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:
· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 
Agreements:
· Study the need for additional backhaul link condition notification mechanism from the parent IAB node DU to the child IAB node as well as corresponding IAB node behaviour.
· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 
· Note: this study is intended to focus on RAN1 aspects only (any higher layers aspects are to be handled by other WGs)



3.1	Discussion on solutions for IAB node/donor detection in Stage 2
After the IAB node DU function becomes active, the IAB node needs to transmit SSBs for access UEs. If solution 1-A is applied, SSBs transmitted by different nodes need to be located on orthogonal resources in time domain due to half duplex constraint. In this case, access UEs will suffer from long measurement window duration which can be shortened if SSBs transmitted for access UEs are aligned. In addition, although muting is a possible solution for SSB detection even in case of aligned SSB transmission across nodes, it may cause a negative impact to access UEs due to muted SSBs. Therefore, we consider that solution 1-A is not suitable in Stage 2 considering the half duplex constraint.
Since the fixed deployment of IAB node is assumed, SSB or CSI-RS transmission for IAB node/donor detection could apply quite long periodicity. Hence, additional SSB or CSI-RS transmission for IAB node/donor detection purpose would not cause issues such as overhead/scheduling restriction increase. For the additional SSB or CSI-RS transmission with long periodicity for IAB node/donor detection, we consider the following aspects should be considered.
· As proposed in Section 2, it is beneficial to indicate/broadcast the support of donor/parent functionalities from IAB node/donor. In Stage 2, the transmission of additional SSB or CSI-RS can be the implicit indication from IAB donor/parent node since a node not supporting donor/parent functionalities does not need to transmit additional SSB or CSI-RS for candidate backhaul link detection.
· Since the fixed deployment of IAB node is assumed, the backhaul link quality would not fluctuate frequently. So, for candidate BH link (IAB node/donor and its beam) detection, additional SSB or CSI-RS transmission could apply quite long periodicity. But sweeping all beams would be necessary so that each IAB node could detect several candidate BH links from all possible nodes/beams.
Proposal 3: For NR IAB node/donor detection in Stage 2, it is beneficial to use additional SSB or CSI-RS transmitted by each IAB node/donor with long periodicity and sweeping all beams.

3.2	Discussion on solutions for candidate BH link measurement in Stage 2
Although the fixed deployment of IAB node is assumed, BH link (i.e., parent node/donor and/or beam) for the child IAB node may need to be changed e.g., in following cases.
· Ex1: The current BH link is blocked and the link quality is degraded.
· Ex2: A new IAB node/donor is deployed and it can provide better BH link than current parent node/donor.
· Ex3: A certain issue (e.g., BH link blocking and/or congestion) is occurred at the current parent node/donor.
In case of Ex1, not only the current BH link but also some other candidate BH links may also be blocked. Hence, it is beneficial for each child IAB node to monitor multiple candidate BH links so that the child IAB node can quickly switch to available candidate BH link in case of blocking at current BH link. We consider that for this candidate BH link monitoring, sweeping all beams is not necessary and periodic transmission of only some beams that are candidate BH links for surrounding IAB nodes is enough and efficient, as shown in Figure 2. For selecting candidate beams for BH link measurement, results of IAB node/donor detection should be reported/indicated to the parent node and/or surrounding nodes. In addition, since the child IAB node cannot communicate with current parent node/donor in case of blocking, the switching procedure should be initiated by child IAB node. For example, beam recovery procedure or random access procedure for current parent node (in case of beam switching within the current node) or new parent node (in case of parent node switching) can be considered. 
Proposal 4: For candidate BH link measurement, it is beneficial to report/indicate the result of IAB node/donor detection from each child IAB node to parent IAB node and/or surrounding nodes so that the parent IAB node and surrounding nodes/donors can transmit appropriate candidate beams for candidate BH link measurement.
· It is also beneficial that transmission of additional SSB or CSI-RS for candidate BH link measurement purpose applies shorter periodicity than that for IAB node/donor detection in terms of quick switching to available candidate BH link in case of blocking at current BH link.
· FFS: how to initiate/proceed the BH link switching at child IAB node in case where current BH link is not available.
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Figure 2: Separate RS transmissions for candidate BH link detection and measurement

On the other hand, in case of above Ex2 and Ex3, network side (i.e., current parent node/donor) can initiate the BH link switching for the child IAB node since the current BH link is available. For such cases, the BH link condition notification mechanism is important and can be considered as a trigger/indication for BH link switching.
As discussed in our contribution [2], it is beneficial for each child IAB node to know not only BH link condition information of candidate parent nodes but also traffic load condition information such as resource utilization or expected throughput of candidate parent nodes for case of Ex3 as shown in Figure 3.
Proposal 5: For appropriate backhaul link selection, it is beneficial for IAB node/donor to support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node/donor transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor.
· 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 3: Example of IAB node backhaul link selection scenario


4. Discussion on transmission timing of IAB node
At the RAN1#94 meeting, RAN1 made following agreements regarding transmission timing of IAB node [1].
	Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes



DL transmission timing alignment across nodes is beneficial in terms of the following aspects.
· Together with TDD DL/UL configuration alignment and appropriate guard time according to the coverage, cross-link interference (CLI) can be avoided.
· UE RRM measurement for neighbor cells can be efficiently performed, e.g., scheduling restriction due to RRM measurement with Rx beamforming can be minimized.
Especially considering the above second benefit, at least for TDD band, the timing alignment across nodes at least for DL transmission to access UEs (i.e., Case #1, #5, #6 or #7) should be applied to avoid negative impact on access UE procedure.
On the other hand, BH link DL/UL transmission timing may not provide any impact on access UE procedure since UE is not required to receive BH link DL/UL signal/channel. In addition, for potential CLI, whether some transmission timing case(s) cause CLI issue or not would be dependent on deployment scenario and configuration for operation. Therefore, multiple cases can be supported and preferred case can be selected according to deployment scenario, operation and IAB node implementation (e.g., which case is supported). For efficient CLI management, it would be necessary to apply the same transmission timing case across IAB nodes in an area. Therefore, the indication of transmission timing case for IAB node coordination should be supported.
Proposal 6: For IAB node transmission timing, multiple options can be supported and preferred case can be selected in operation according to IAB node coordination based on deployment scenario, operation and IAB node implementation.
· At least for TDD band, DL transmission timing alignment across nodes (i.e., Case #1, #5, #6 or #7) should be applied to avoid negative impact on access UE procedure e.g., for neighbour cell measurement.


5. 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/measurement and transmission timing of IAB node. Based on the discussion, we made following proposals.
Proposal 1: For NR IAB in NSA deployment, at least the following modifications to support IAB node initial access procedure should be considered.
· For IAB node initial access, IAB node assumes longer SS/PBCH block periodicity than 20 ms.
· RMSI for IAB node initial access can be 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 NR IAB in SA/NSA deployment, it is beneficial to indicate/broadcast the support of donor/parent functionalities from IAB node in order to avoid unnecessary initial access/discovery/measurement procedures for surrounding node(s) not supporting donor/parent functionalities.
· FFS: how to indicate/broadcast the support of donor/parent functionalities.
Proposal 3: For NR IAB node/donor detection in Stage 2, it is beneficial to use additional SSB or CSI-RS transmitted by each IAB node/donor with long periodicity and sweeping all beams.
Proposal 4: For candidate BH link measurement, it is beneficial to report/indicate the result of IAB node/donor detection from each child IAB node to parent IAB node and/or surrounding nodes so that the parent IAB node and surrounding nodes/donors can transmit appropriate candidate beams for candidate BH link measurement.
· It is also beneficial that transmission of additional SSB or CSI-RS for candidate BH link measurement purpose applies shorter periodicity than that for IAB node/donor detection in terms of quick switching to available candidate BH link in case of blocking at current BH link.
· FFS: how to initiate/proceed the BH link switching at child IAB node in case where current BH link is not available.
Proposal 5: For appropriate backhaul link selection, it is beneficial for IAB node/donor to support at least one of followings.
· If each IAB node decides its backhaul link, each IAB node/donor transmits (e.g., broadcasts) information related to link quality and traffic load on backhaul link(s) to its IAB donor.
· 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).
Proposal 6: For IAB node transmission timing, multiple options can be supported and preferred case can be selected in operation according to IAB node coordination based on deployment scenario, operation and IAB node implementation.
· At least for TDD band, DL transmission timing alignment across nodes (i.e., Case #1, #5, #6 or #7) should be applied to avoid negative impact on access UE procedure e.g., for neighbour cell measurement.
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