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Introduction
According to IAB WI agreed in RAN#82 [1] and updated IAB WI in RAN#83[2], RAN4 will kick off the discussion on IAB RF aspect in 2019 Q2 with below objectives leaded by RAN4:
· 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.
 And below objectives leaded by physical layer are also expected to be involved in RAN4 work as:
· 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.
This contribution will share our overview on RAN4 IAB study. According to TU plan the RRM aspect will formally start from May 2019, the discussion will be mainly for background, scenarios and RF aspects.  
Discussion
In-band and Out-of-band IAB
According to NR IAB WID, “Efficient operation for both inband and out-of-band relaying” shall be supported in Rel-16 WI phase. And the definition on in-band and out-of-band could be found in IAB SI TR [3] as below:
In-band IAB: access- and backhaul link at least partially overlap in frequency 
· Half-duplexing or interference constraints
· Imply that the IAB-node cannot transmit and receive simultaneously on both links.
Out-of-band IAB: no overlapping in frequency and without interference constraints.
Since RAN4 specification for RF core would be defined mainly for backhaul link and access link independently applicable for both in-band and out-of-band IAB, it is not expected that specification would be introduced dedicatedly for in-band or out-of-band IAB. 
Observation 1: in-band IAB and Out-of-band IAB may have no explicitly impact on RF specification in RAN4. 

Operation RAT for IAB node
Furthermore, there are more specific descriptions on operating RAT applicable for backhaul and access link of IAB in WID and SI TR, which are summarized as table 1. 
Table 1: Operating RAT for one certain IAB node
	
	NR FR1
	NR FR2
	LTE 

	Backhaul link
	√
	√
	Applied for SRB only as DC operating 

	Access link
	√
	√
	No explicit description in WI( contingent as mentioned in TR) 



There is no clear clarification in WI on IAB regarding operation mode of IAB own access link. However, if we check the SI TR for the operation architecture on SA and NSA mode, IAB access link would provide service to UE on NR Uu only. And on backhaul link of certain IAB node the SA mode on NR or NSA mode with SRB on LTE & DRB on NR would be the assumption. Furthermore, in WID the NR-NR DC is expected to be supported in Rel16 IAB as well as part of SA mode operation. 
Observation 2: from IAB node perspective in Rel16 the access link would focus on NR SA operation.
Observation 3: from IAB node perspective in Rel16 the backhaul link can support both NR SA and NSA operation.
Observation 4: NR-NR DC is expected to be supported in Rel16 IAB operation. 
Even SA and NSA are features to be agreed in WID, it is suggested to SA shall be finalized in first stage from RAN4 perspective. On the basis of completion of SA further extension to NSA can be discussion more smoothly. If NSA introduced without clearly conclusion on SA operation, there would be confusion and ambiguity in maintenance of specification for both AC and BC links. The MT power class can be taken as good example. In current TS38.101-3 only PC3 ENDC defined for FR1, however for IAB node a MT power class higher than PC3 is anticipated. 
Proposal 1: from RAN4 perspective IAB node operating in NA SA shall be finalized first.

RAN4 impact due to enhancement in RAN1 and RAN2
· IAB node initial access (Stage 1)
Since the initial access of IAB node backhaul follows the same Rel-15 initial access procedure as a UE. The main difference would be IAB MT may assume 160ms periodicity for SS/PBCH block in initial cell search. Hence it is expected that the legacy system parameter defined in Rel-15 NR specification can be reused for IAB MT and DU. However, there would be RRM impact if MT RRM defined. 
· Inter-IAB node discovery and measurement (Stage 2)
It is agreed in RAN1 that SSB transmission information and SSB reception information are configured to an IAB node. And they will further work on the detail. This should mainly impact on RRM aspect without change in RF specification.
· IAB PRACH
RAN1 study on extension of RACH occasions and periodicities for backhaul RACH resources may have impact on specific PRACH time mask definition for IAB backhaul link.
· IAB resource multiplexing
For MT resource of backhaul link, the same Rel15 resource multiplexing of DL, UL, FL will be reused. And for DU resource of access link DL-Hard/Soft, UL-Hard/Soft, FL-Hard/Soft and Not Available will be introduced. Hence it may have impact on TDD configuration to be tested for access link. 
· IAB timing
For this issue there is a RAN1 LS [4] to indicate current RAN1 agree to support Case 1 synchronization with introduction of Tdelta. This aspect can be discussed further under dedicated contribution as [5].   
· Latency requirement due to switch between IAB MT and DU
Further study is needed to understand the necessity to introduce such kind of switching requirement between different links. 
Observation 5: the RAN4 RF impact due to enhancement of RAN1 and RAN2 is envisioned as limited. 

Anticipation on RF performance study for SA IAB
For FR1, there is LTE Relay spec can be referred as in [6] [7]. And the requirements in [7] are summarized as below:  

For Backhaul link of LTE:
· One power level similar of normal PC3 of UE defined for both PC of access
· For TX part, UE type of requirement reused except for unwanted emission and IM, of those two requirements BS type requirement applied.
· For RX most requirements refer to UE FRC but LA BS core requirement or tighten requirement compared with UE applied. 
· Especially, the BS ACLR and ACS requirement applied for backhaul link based on output of co-existence study 
For access link of LTE: 
· Two power classes introduced, PC1 similar to Local Area BS power, PC2 power level between LA BS and Micro BS power level.
· Most of Local Area BS requirements reused with minor update for PC2

According to experience in LTE we can achieve observations as below: 
Observation 6: RF core requirement study would be mainly for backhaul link similar as LTE.
Observation 7: co-existence study would be needed at least to derive backhaul link ACS and ACLR requirement for MMW, as for FR1 it’s highly possible that BS ACS and ACLR would be applied for backhaul link similar as LTE. 
Observation 8: regarding the power class of backhaul link it is encouraged operators’ input especially for FR2. 
Observation 9: for access link the Local area or Micro BS requirement in TS38.104 can be used as starting point. 

Similar as Rel-15 NR study, for FR1 backhaul link the LTE requirement can be expected as baseline. With this assumption, it would be hard to implement IAB backhaul link requirements in corresponding UE specification in TS38.101-1/2/3. It would bring in confusion as example shown for power class, unwanted emission and potentially all RX requirements. 
Proposal 2: for FR1 the legacy LTE requirement for backhaul link in TS36.116 can be used as baseline. 
Proposal 3: It’s suggested to introduce one dedicated RF TS for IAB node. 
Summary
This contribution provides overview on IAB applicable scenarios and RF impact summary with below observations and proposals for future RAN4 study.
Observation 1: in-band IAB and Out-of-band IAB may have no explicitly impact on RF specification in RAN4. 
Observation 2: from IAB node perspective in Rel16 the access link would focus on NR SA operation.
Observation 3: from IAB node perspective in Rel16 the backhaul link can support both NR SA and NSA operation.
Observation 4: NR-NR DC is expected to be supported in Rel16 IAB operation. 
Observation 5: the RAN4 impact due to enhancement of RAN1 and RAN2 is envisioned as limited. 
Observation 6: RF core requirement study would be mainly for backhaul link similar as LTE.
Observation 7: co-existence study would be needed at least to derive backhaul link ACS and ACLR requirement for MMW, as FR1 it’s highly possible that BS ACS and ACLR would be applied for backhaul link similar as LTE. 
Observation 8: regarding the power class of backhaul link it is encouraged operators’ input. 
Observation 9: for access link the Local area or Micro BS requirement in TS38.104 can be used as starting point. 

Proposal 1: from RAN4 perspective IAB node operating in NA SA shall be finalized first.
Proposal 2: for FR1 the legacy LTE requirement of backhaul link in TS36.116 can be used as baseline. 
Proposal 3: It’s suggested to introduce one dedicated RF TS for IAB node. 

For co-existence study, further discussion can be found in companion contribution as in [8].
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