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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The purpose of the Rel-16 WI on Integrated Access and Backhaul is to develop higher layer as well as physical layer procedures and corresponding necessary requirements for Integrated Access and Backhaul (IAB) nodes. The WI clearly outlines the core objectives which require RAN4 involvement and also which are purely RAN4 centric – RF and RRM as quoted below from the WID [1]:
· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.
· Specification of RF and RRM requirements [RAN4-led]:
· Define RF requirements for both backhaul and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS). This may include defining a new power class for MT.
· Define RRM core requirements for both backhaul and access links of IAB node.
· Define latency requirements for switching between communication over parent backhaul link (i.e. MT) and child backhaul/access links (i.e. DU).
· Define timing requirements for IAB specific network synchronization. This may include (a) requirement for “case 1” timing (e.g. accuracy of DL transmission timing alignment between an IAB-node and its parent node), and (b) cell phase synchronization accuracy for multi-hop IAB network.


2. Overview of IAB
The schematic diagram illustrating IAB architecture in standalone mode (SA) is shown in figure 1, which is reproduced from the IAB TR in 38.874 v16.0.0. As shown in the figure an, IAB node serves UEs on the wireless access link and also wirelessly connects to another IAB node for transporting the backhaul traffic. The wireless access link is the existing Uu. However, some radio resources can be shared between the access and backhaul links using radio resource multiplexing schemes, which are being discussed in RAN4 in RF session. In an IAB node, the logical unit that terminates the backhaul radio interface toward the IAB parent node is in 3GPP sometimes referred to as the Mobile-Termination (MT) part of the IAB node. The IAB function that establishes RLC connection to MTs of the IAB child nodes and UEs is in 3GPP sometimes referred to as the Distributed Unit (DU) part of the IAB node. More specifically an IAB node MT connects wirelessly to the an IAB parent node, which can be an IAB donor or another IAB node in the next hop. IAB donor provides UE's interface to core network and wireless backhauling functionality to IAB nodes. 


Figure 1: Reference diagram for IAB-architectures (SA mode) [TR 38.874]
3. Impact on RRM 
3.1 Access link
The access link of the IAB node is the link between an access UE and an IAB-node or IAB-donor. As described in section 2, the wireless access link of the IAB node is the existing Uu interface. It should be transparent for the UE whether the UE is served by or measuring on a legacy gNB or an IAB node. This is to make sure that legacy UEs operate in an IAB network without any RRM impact.
Therefore, existing RRM requirements defined for different NR architecture options in Rel-15 should also be applicable for the UE when it is served by an IAB node or is performing any measurement on IAB node. 
· Observation # 1: A UE served by an IAB node on the access link (Uu) shall meet existing RRM requirements for te access link (Uu) defined in 38.133 and 36.133 (related to EN-DC or NE-DC). 
3.2 Backhaul link
The backhaul link is the link between an IAB-node and an IAB child node or an IAB parent node. On the backhaul link to child nodes and parent nodes an IAB node will transmit and receive reference signals (e.g. SSB) to/from at least one IAB node (IAB parent, which may or may not be IAB donor). This may involve procedures related to RRM. However, it should be noted that unlike UE, an IAB node is physically static since IAB mobility is not within the scope of the WI. Therefore, IAB will not support any physical mobility in Rel-16.
The RAN1 agreements which are relevant for RRM are reproduced below from the RAN1#96bis meeting report:
Agreement:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements

Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.

Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs

Agreement:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.

Agreements:
In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i. 
· The setting of T_delta is not necessarily specified. 
· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.
· Send LS to RAN4 for timing clarification. (Xinghua, Huawei)
· IAB_cCore
· Fix meeting location for the August meeting
· Fix the top blue box in the appendex from UL to DL
Agreement:
· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 
3.1. Initial Access 
[bookmark: _Hlk7708389]An IAB node (IAB child) in order to connect to another IAB node (IAB parent) for the backhual access will perform an initial access procedure. The Rel-15 access UE assumes SSB periodicity of 20 ms for initial access. The SSB resources for initial access are expected to be much sparser (e.g. 160 ms) since IAB node is static, as agreed in RAN1. More specifically for both SA and NSA, for initial cell selection, an IAB-node MT may assume that half frames with SS/PBCH blocks occur with a periodicity of 16 frames Furthermore, the initial access will be typically done after the IAB is powered on or have to recover after loosing connection. 
RAN4 does not specify any requirement for initial access even for the UE to access base station. Being a static node, the impact of initial access on overall IAB performance will be negligible. Therefore, we don’t see any need to specify any requirement for initial access for IAB. 
· Observation # 2: Initial access requirements for IAB node connecting to another IAB node are not specified. 
3.2. Procedures after Initial Access  
The existing IAB node (IAB child) backhaul connection to another IAB node (IAB parent) can be changed by the IAB donor. This may be called as topology adaptation. This may be required to prevent the blockage of the backhaul wireless links between the IAB nodes due to moving objects or construction. The lack of the topology adaptation may lead to for example radio link failure and may eventually require the affected IAB node to perform initial access to find new suitable IAB parent. The topology adaptation may also be needed to account for the change in the backhaul traffic situation e.g. due to congestion on the backhaul link (e.g. excessive traffic) or contrarily due to underutilization of the backhaul links. 
Since the IAB node is static therefore at this stage it is not clear if the topology adaptation will require any measurement procedures e.g. analogous to mobility procedures such as HO for UE. RAN2 has not yet defined any procedure that would require corresponding RRM requirements. Therefore, RAN4 needs to further wait for any relevant input from other working groups before starting any RRM specification work in RAN4. 
· Observation # 3: IAB node is static. It is for further studies and based on agreements in other groups whether topology change (e.g. backhaul blockage due to moving objects or due to backhaul traffic variation) will impact RAN4 RRM requirements.
3.3. Over The Air (OTA) Time Alignment   
One key aspect of the IAB node is the ability to synchronize wrt the IAB parent over the air (OTA). RAN1 has agreed on the basic mechanism for OTA time alignment wrt the timings of the IAB parent. In multi-hop IAB scenario, each IAB node applies the same mechanism for OTA time alignment wrt its IAB parent and so on.  
RAN4 has received LS [2-3] from RAN1 containing questions related to the OTA time alignment and associated requirements. These issues are addressed in detail in our separate paper in [4]. RAN4 response to RAN1 LS which is under discussion will also provide initial thoughts regarding the feasibility of requirements pertaining to the OTA time alignment. 
· Observation # 4: OTA time alignment aspects including impact on IAB timing related requirements are being discussed in the context of RAN1 LS to RAN4 on OTA time alignment.
4. Summary
In this paper we have provided an overview and initial analysis of the IAB architecture and potential impact on RRM work in RAN4. The following are the main observations:
· Observation # 1: A UE served by an IAB node on the access link (Uu) shall meet existing RRM requirements for te access link (Uu) defined in 38.133 and 36.133 (related to EN-DC or NE-DC). 
· Observation # 2: Initial access requirements for IAB node connecting to another IAB node are not specified. 
· Observation # 3: IAB node is static. It is for further studies and based on the agreements in other groups whether topology change (e.g. backhaul blockage due to moving objects or due to backhaul traffic variation) will impact RAN4 RRM requirements.
· Observation # 4: OTA time alignment aspects including impact on IAB timing related requirements are being discussed in the context of RAN1 LS to RAN4 on OTA time alignment.
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