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1	Introduction
RAN1#93 made following agreements on IAB support for different functions, [1]:
Discovery and measurements:
Agreement:
· IAB supports SSB and CSI-RS based RRM measurements. The following features can be considered:
· Mechanisms for coordination of RS transmission and measurement occasions for IAB nodes 
· Enhancements of SMTC and CSI-RS configurations for IAB 
· An IAB-node supports mechanisms for detecting/recovering from backhaul link failure based on Rel-15 mechanisms.
· Study enhancements to RLM RS and associated procedures for IAB
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
Resource allocation and scheduling:
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
Agreements:
· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.
· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.
· Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 
· The following aspects should be further studied:
· Distributed or centralized coordination mechanisms
· Resource granularity of the required signalling (e.g. TDD configuration pattern)
· Exchange of L1 and/or L3 measurements between IAB nodes
· Exchange of topology related information (e.g. hop order) impacting RAN1 study
· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination
Synchronization and timing:
Agreements:
· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops
· Enhancements to existing mechanisms can be further studied
· The following cases should be further studied:
· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:
· Slot alignment
· Symbol-level alignment
· No alignment
· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs
Random access:
Agreements: Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.
This document summarizes Nokia views on ways how NR specifications can be used and what could be potential enhancements needed to support IAB. This paper collects the main points and proposals for different options referring to related discussion papers including more detailed analysis and background.
2	Discussion
The sections below include main points and findings for the PHY support and assumption for the IAB operation considering the agreements so far in RAN1. More detailed discussion can be found in the referred TDocs dedicated for each topic.
2.1	Discovery and measurements
In [2], we discuss two approaches for IAB node discovery. In the first approach, IAB nodes are not transmitting IAB specific SSBs but initial cell/node selection and access by a newly deployed IAB node is based on SSBs that other nodes are transmitting for UEs. Thus, in this stage the newly deployed IAB node would act like a UE, which is possible as the node is not yet serving a cell. After the initial cell/node selection and access, discovery could be handled by network co-ordinated CSI-RS transmissions, as the nodes are known to the network and they are already synchronized. Therefore, after the initial access, SSs do not seem to provide any benefit compared with using CSI-RS: a node may be ordered to transmit CSI-RS whose sequence and resource is known to nearby nodes that are ordered for search. This approach of IAB discovery avoids questions of how to handle SSB transmissions for access UEs and for IAB in a single node and how to configure SSB transmissions for mutual discovery of IAB nodes. 

Observation 1: IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
Proposal 1: RAN1 is asked to consider the need for IAB specific SSB transmissions and if the CSI-RS (or SRS) based detection and monitoring of the IAB nodes is sufficient between nodes that have done cell selection and network access.
In the other approach for IAB node discovery, IAB specific SSBs are transmitted besides access UE SSBs. For minimal co-ordination of SSB transmissions between the nodes, it could be specified, like with access UE SSBs, that IAB SSBs are transmitted and received in certain slots within windows known to all nodes. A node could decide randomly or following a pseudorandom sequence the windows where it transmits its SSB sets. An upstream (i.e. parent) node should know its downstream node’s IAB TX-RX pattern in order to schedule the link direction optimally avoiding unnecessary guard times for link direction changes. 

An alternative for (pseudo)random patterns would be TX-RX patterns that allow mutual discovery opportunities within a group of nodes in a fixed number of TX-RX phases. When the length of a TX-RX pattern is N and the number of TX phases in a pattern is M, the number of patterns for mutual discovery is  A TX phase would correspond to a time window where an IAB node transmits a full set of SSBs corresponding to different beams. 

Observation 2: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    
If IAB specific SSBs are defined, a question is how to avoid UEs confusing IAB SSBs with normal SSBs. We think there is no problem:   

Observation 3: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.        
For CSI-RS based radio link monitoring between IAB Nodes and between an IAB Node and a Donor, two link types should be distinguished: active links carrying control and/or data and candidate links to which the BH connection may be handed over in case of a failure on the active link(s). For the active link(s), monitoring can be based on CSI-RSs transmitted by Donor or upstream IAB Node and SRS transmissions by the downstream IAB node, just like between an access UE and a gNB. For monitoring over candidate links, CSI-RS transmissions and reception can take place the way it is specified for mobility measurements. The only enhancement to consider is to increase the maximum periodicity from the 40ms in use for UEs. Because of the flexible resource configuration of CSI-RS, half-duplex constraint is not problematic. 
Observation 4: CSI-RS based IAB link monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 
2.2	Radio resource allocation
We consider resource allocation aspects between access and BH links in [3]. It is noted NR Rel-15 supports two scheduling frameworks: 1) slot-based scheduling and 2) non-slot based scheduling. The slot-based operation where different IAB links (BH DL, BH UL, Access DL, Access UL) are allocated with slot resolution is a feasible resource allocation approach NR IAB operation. Mini-slot based approach is an implementation based option available for IAB operation - the specification support is in place already based on NR Rel-15. Mini-slot based operation allows to minimize the latency involved in the IAB operation but it will increase the system overhead.  
It is also noted that IAB feature does not impact to the access link operation. Hence, it can be introduced without any backwards compatibility issues. 

Observation 5: Resource allocation schemes developed for different access link scenarios can be reused for BH link. 

It was agreed in RAN1#93 that distributed and centralized coordination mechanisms between IAB-donor and IAB-nodes should be studied. Based on the discussion in [3], we think that distributed coordination should be the starting point: 
· Parent node configures the available BH resources (=resource pool) for an IAB node. 
· Parent node is responsible for DL/UL scheduling for the BH link within the configured resource pool (and according to the agreements made in RAN1#93).  
· IAB access link operation is constrained by the BH operation according to the duplexing scheme of the IAB node. 
· In the case of distributed coordination, IAB-donor is acting just as a parent node.  
 
In the case of centralized coordination, IAB-donor configures the resource usage for multiple hops. Coordination may cover not only the resource pool defined for the BH link(s), but also resource pool available for the access link(s). 

Proposal 2: Distributed resource pool coordination scheme is the baseline resource allocation scheme. It can be enhanced by centralized coordination by IAB-donor. 

It is noted that NR Rel-15 supports already semi-static pool configuration between BH and access link. For example, in the case of TDM between access and backhaul, an IAB-node can configure BH resources in the access link as the reserved resources. In order to maximize the commonality with NR-Rel-15, the granularity for the resource pool coordination between IAB-donor and IAB-nodes should be one slot. Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination. 
 
Proposal 3: Granularity for the resource pool coordination between IAB-donor and IAB-nodes is one slot. 

Observation 6: Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination. 
 
One of the key objectives of IAB SI is to investigate dynamic resource allocation between the backhaul and access links. As discussed in [3] we consider GC-PDCCH as the signal facilitating dynamic resource pool adaptation. In order to provide robust operation for the RN cell, GC-PDCCH needs to be transmitted via fixed DL BH resources. We think that possible GC-PDCCH enhancements taking into account different IAB scenarios need to be considered as part of the IAB RAN1 studies.  
 
Proposal 4: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as centralized resource coordination. 
 
It is stated in the IAB SID that “The 5G network shall support multi-hop wireless self-backhauling”. The observation based on [3] is that from resource allocation point of view, the multi-hop scenario can be supported already by the existing NR Rel-15 solution. On the other hand, RN processing capability impacts to the overall IAB latency performance especially in the multi-hop scenarios. In order to guarantee sufficient latency, there is a need to consider RN processing times in addition to the UE processing times defined in NR Rel-15. It is also noted in [4] that IAB scenario introduces additional latency components, which needs to be considered as part of the RAN1 IAB studies. 
 
[bookmark: _Hlk521668533]Proposal 5: RN processing time capabilities need to be discussed as part of the IAB studies. 

2.3	RACH enhancements
It was agreed in RAN1 #93 to further study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes. In [4], we discuss RACH transmissions of the UE part of the IAB nodes and access UEs, and how that is impacting one another. In general, IAB deployed network would use fixed relays and have a good LoS probability to the donor gNB(s) or parent IAB node(s) in order to be beneficial considering the drawbacks associated with the half-duplexing constraints. In this kind of situations, one can easily understand that initial access procedures are applied only when the IAB node is powered on or after a loss of backhaul connection(s) leading to UE component of the IAB node going idle.
Observation 7: Random access of the UE part of the IAB node is less frequent compared to access UEs. 
IAB nodes can have a higher number of antennas and LoS to DgNB and other IAB node, and it is expected that much higher pathloss would be supported for random access between two IAB nodes (or an IAB node and a DgNB) than for access UEs. Therefore, one can say that considerably longer round-trip times should be supported for RACH between IAB nodes than between a UE and an IAB node. In a typical application of IAB for coverage extension, the RACH for IAB should support roughly twice the round-trip time that is needed for UEs. Also supporting RACH between IAB nodes separated by multiple hops may seldom be necessary in a fully deployed network. 
Observation 8: For sharing RACH resources between IAB and UE access, the maximum round-trip time (i.e. cyclic shift step) should be estimated based on the IAB hop length rather than the maximum path loss supported by IAB node for a RACH format.  
Considering infrequent backhaul RACH transmissions and flexible RACH design in NR Rel-15, we do not see a need for introducing new formats or different multiplexing procedure between access and IAB RACH transmissions.  
Proposal 6: Multiplexing RACH transmissions of access UEs and IAB nodes can be handled within the Rel-15 framework. 

2.4	IAB timing
In [5] we analyse the IAB node timing options listed for further study, namely:
· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
Each option has its merits but also some drawbacks. The table below summarize the characteristics of the studied timing options:

Table 1
	Case
	Benefits
	Drawbacks

	#1
	-	Results in normal cellular operation with non-IAB specific interference scenarios
-	IAB timing is not shifted in a multi-hop scenario, DL TX timing the same in all nodes
-	Minimized changes when IAB operation changed to gNB (when wired BH provided)
	-	Potential IAB node internal interference issues due to multiple timing, this may be alleviated by the usage of multiple antenna panels and/or RX/TX units

	#2
	-	Facilitates single panel TX and scheduling for both BH and access
o	Signal dynamics to be considered, though
-	Somewhat simpler implementation of an IAB node
	-	For the access UEs, network cannot be viewed as synchronized; DL TX timing depends on the propagation delay over the BH link
-	Timing is shifted at each hop where the shift is an accumulated value of the propagation delay over all hops
-	More complex implementation/configuration of dual connectivity when the serving nodes are of different hierarchy level of the IAB topology (different number of hops)

	#3
	-	Eliminates excessive interference due to timing differences on access and BH links; e.g. when the difference exceeds the CP length. Differences in the signal levels may have to be considered, though.
	-	Would allow alignment of DL TX but would require usage of negative TA values
-  In non-synchronous operation, same issues as in case 2.

	#4
	-	Single timing for TX an RX within the IAB node (except random access)
	-	Requires negative TA cannot be applied for random access
-	Otherwise same issues as with cases 2 and 3

	#5
	-	Synchronized network form the UE point of view, also in a multi-hop scenario
-	Different TX and RX timing separated in time at the IAB node, some implementation and interference issues eliminated
	-	Same as with case#1





As a conclusion, we see approaches leading to synchronized network as the prioritized choices for IAB operation being most forward compatible regarding future enhancements for flexible TDD and CLI mitigation. Furthermore, conversion of IAB node to normal gNB operation would cause least changes.
Additionally, it is not clear whether there has to be any standards support that would be needed for different timing options or can this be left for implementation options and vendor/operator choice for IAB operation and deployment.
Proposal 7: It should be clarified whether there will be standard impacts related to use of different timing options or could they be left for implementation options.
[bookmark: _GoBack]Proposal 8: Options leading to synchronized network can be taken as a baseline for IAB operation and deployment. The other options can be left for later studies and/or choices for implementation.

3	Conclusions
In this contribution we have discussed areas that need specific attention on lower layer studies of the IAB SI. Main observations and proposals we have are:
Observation 1: IAB node discovery can be handled by (access UE) SSB search in the initial access, followed by CSI-RS detection in later phases. 
Observation 2: -patterns for IAB SSB TX-RX would provide discovery opportunities for a group of IAB nodes within a fixed number of SSB set TX/RX windows but co-ordination for pattern reuse would be needed.    
Observation 3: From access UEs’ point of view, IAB SSBs could be handled the same way as access UE SSBs that are not connected to SIB1.        
Observation 4: CSI-RS based IAB link monitoring of candidate links can be done like UE measurements for mobility except that the maximum periodicity could be larger for IAB. 
Observation 5: Resource allocation schemes developed for different access link scenarios can be reused for BH link.
Observation 6: Depending on the IAB architecture and protocol choices, RRC signalling may need to be enhanced to support multiple hops with centralized resource pool coordination. 
Observation 7: Random access of the UE part of the IAB node is less frequent compared to access UEs. 
Observation 8: For sharing RACH resources between IAB and UE access, the maximum round-trip time (i.e. cyclic shift step) should be estimated based on the IAB hop length rather than the maximum path loss supported by IAB node for a RACH format.  

Proposal 1: RAN1 is asked to consider the need for IAB specific SSB transmissions and if the CSI-RS (or SRS) based detection and monitoring of the IAB nodes is sufficient between nodes that have done cell selection and network access.
Proposal 2: Distributed resource pool coordination scheme is the baseline resource allocation scheme. It can be enhanced by centralized coordination by IAB-donor. 
Proposal 3: Granularity for the resource pool coordination between IAB-donor and IAB-nodes is one slot. 
Proposal 4: GC-PDCCH enhancements are needed to facilitate dynamic resource allocation between the backhaul and access links as well as centralized resource coordination. 
Proposal 5: RN processing time capabilities need to be discussed as part of the IAB studies. 
Proposal 6: Multiplexing RACH transmissions of access UEs and IAB nodes can be handled within the Rel-15 framework. 
Proposal 7: It should be clarified whether there will be standard impacts related to use of different timing options or could they be left for implementation options.
Proposal 8: Options leading to synchronized network can be taken as a baseline for IAB operation and deployment. The other options can be left for later studies and/or choices for implementation.
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