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[bookmark: _Ref20751443]Introduction
RAN4#93 discussed the need for IAB RRM requirements and some progress was made. In this paper we look at the open parts from last meeting and discuss which IAB specific requirements would need to be specified for Rel-16 IAB’s. This paper is updated version of [5]
Discussion
IAB cell Change
In last meeting RAN4 had further discussions related to RRM requirements for IAB. It was agreed earlier to introduce requirements for RRC Connection Mobility control while the details and need for handover requirements was left FFS. 
Connected state RRM Measurements and ‘Mobility’
In general, Rel-16 IAB does not support mobile IAB’s and this significantly reduces the need to RRM requirements related to mobility control. 
RRM Measurement Requirements
In Rel-16 the IAB is assumed fixed in location. Hence, it can be assumed that link between the DU and MT is considered very stable compared the general assumptions used when defining RAN4 requirements for mobile devices. As the IABs will not move there is no justification to define tight RRM requirements as known from the existing RAN4 requirements.
[bookmark: _Hlk24131823]RAN4 does not define RRM measurement requirements (timing requirements for cell detection, Index reading, measurement period, number of cells etc.) for Rel-16 IAB.
As mobility is not supported, we do not see a strong need to define strict measurement requirements and reporting requirements for Rel-16 IAB. The need for connected state inter-IAB node measurements would mostly depends on the IAB network deployment (topology), resource allocation or re-allocation using TDM, SDM and/or FDM, SSB TX configuration and SMTC configuration(s) with configured RX/TX patterns for inter-IAB measurements, number of antenna panels, number of beams per panel, etc. 
There are multiple deployment parameters, some of which IAB specific, affecting the need for IAB RRM measurements.
Even though IAB mobility is not supported in Rel-16, there may always be changes in the deployment environment which may lead to the situation that there is a need to update the currently used BH link. E.g. the BH is no longer available or no longer the most optimal BH link to be used. One example could be in mmvw, in case the BH connection between IAB1 is blocked, there would be need for action to recover or change the BH link. Another example is a BH link change due to load balancing where the connection is changed from very loaded parent node to a node with unused capacity. 
However, such changes are not expected to happen very often and would surely be less frequent due to the fixed IAB nature in Rel-16 (no mobility). Changes in the deployment environment may cause a need for change. Hence, due to the slowness in the changes there would be much longer period available for performing any RRM measurements (in a stable environment) leading to long measurement periods. Therefore, we do not see a need to define RRM measurement accuracy. 
RAN4 does not define RRM measurement accuracy requirements for Rel-16 IAB.
Additionally, it should be observed, that with the current RAN4 assumptions and requirements (for UE’s) RRM measurements is likely to impact the throughput in FR2 due to sweeping (Mpss/sss_sync_w/o_gaps and Mmeas_period_w/o_gaps). Hence, similar impact is expected to be observed on the IAB BH.

IAB and Handover
IAB topology adaptation could use redirection or NR handover procedures as the baseline. It was agreed to introduce requirements for release with re-direction and next is to discuss whether IAB requirements for handover delay should also be introduced. Note: blind HO can also be considered. Handover delay requirement include:
1. Handover delay
2. Interruption time
The handover delay Dhandover equals the maximum RRC procedure delay to be defined in clause 12 in TS 38.331 plus the interruption. 
The delay from the RRC procedure is specified in 38.331. The rest of the delay depend on the interruption time, see below.
The definition of the NR HO interruption time is, [2]:
Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms
where: 
· Tsearch is the time required to search the target cell when the handover command is received
· TIU is the interruption uncertainty in acquiring the first available PRACH occasion
· Tprocessing is the time for UE processing 
· [bookmark: _Hlk20808568]T∆ is time for fine time tracking and acquiring full timing information of the target cell.
Considering the inter-IAB discovery and measurements, we may assume that the blind handover can be used in case candidate nodes are not already known at the time when HO command for topology adaptation is requested by DU and received MT. As Handovers can be needed to enable topology adaptation and it can be assumed that such adaptation is not frequent and most likely not time critical. 
[bookmark: _Hlk24131853]The IAB-MT handover interrupt time requirement could be introduced based on existing handover interrupt time requirements independently from support of RRM measurements and reporting requirements.
Tsearch for blind HO may not be zero, however the current conditions could re-used. I.e. if the HO is topology or load balancing based with network knowledge about available target, the search time can be assumed being rather limited. Assuming normal access starting with RACH to the target node, TIU will depend on the configured PRACH occasions in the target cell. Tprocessing will be IAB MT specific possibly deviating the values specified for the UE and should therefore be discussed further. Similar to Tsearch, the fine time tracking could potentially be reduced as the IAB’s are assumed stationary in Rel-16. Therefore, T∆ could be assumed to be close to zero.
The HO interruption time from existing UE requirements could be re-used as baseline for defining HO interrupt time in IAB while the IAB specific latency values would need more discussion.

IAB and Link Control
RAN4 discussed the need for Link control in terms of RLM/RLF and BFD/LR in last RAN4#92bis meeting. Although we do not expect that Rel-16 IAB will need RRM measurement requirements and accuracy requirements for mobility support, including measurement reporting from MT to DU, we believe that there may be a need to have link monitoring and link control to handle possible link connection errors.
RLM and RLF for IAB
We do not expect that the connection between the MT and the serving DU in IAB will deteriorate such that the MT would experience RLF. However, to ensure that the MT will act in the situation where the BH connection does in fact ‘disappear’ e.g. due to an unexpected failure, it would likely be best to introduce RLF related actions in IAB. 
RAN4 could introduce RLM requirements in IAB.
Hence, once the MT experience that the DL signal quality gets bad the MT will initiate search for another DU to serve the MT. It is expected that the existing RLF procedure could be re-used. I.e. once RLF is detected the MT will perform cell selection. The detailed requirements for the RLM would need to be discussed further. We would however expect that the requirements would be a simplified version of the current UE requirements. Additionally, RAN4 would need to discuss scheduling availability during RLM as this could impact the BH throughput.
When defining any RLM/RLF IAB requirements RAN4 need to consider the impact on the BH throughput due to related RLM requirements.
IAB and Link Recovery
Especially in mmvw it is expected that in certain deployment scenarios, there could be conditions which would e.g. lead to blockage. For this, we believe it is beneficial to define some minimum Link Recovery requirements. In principle it enough to define requirements for link failure detection and recovery. 
Link Recovery procedure, in terms of link failure handling, should be supported in IAB Rel-16.
Possibly the current UE defined framework could be used as baseline for defining the IAB requirements. However, the IAB requirements should consider the difference in the assumed environment when defining the requirements. Hence, the IAB link is assumed to be static and good under normal conditions. Additionally, the IAB nodes are not moving and the link is static and under normal conditions it would not change significantly in a short time period. RAN4 would need to consider these facts when defining the link recovery procedures (if agreed to be introduced). 

IAB and TCI switching
As IAB Rel-16 does not consider IAB mobility it is expected that the link will remain stable for longer periods of time and there might not be a need to switch TCI state. This of course depends on the deployment scenario, but it must be expected that Rel-16 IAB is likely mostly suitable for deployments in stable conditions where the IAB link is expected not to change often if at all. Based on this we do not see a strong need to introduce TCI state switching requirements for IAB in Rel-16. 
RAN4 does not define TCI state switching delay requirements for Rel-16 IAB.
To manage potential error cases where the BH link break for unforeseen reasons, we believe this should be handled through link recovery procedures.
Introduction of TCI state switching would in our view also lead to a need to define L1-RSRP measurement requirements, L1-RSRP measurement accuracy and L1-RSRP reporting requirements.

IAB Connection Control Requirements
In RAN4#92bis it was agreed to introduce RRC Connection Control requirements including RRC-re-establishment and RRC release with redirection. Additionally, it was agreed to introduce requirements for Random access. Following we look at how we see such requirements could be defined for IAB using the existing UE requirements as baseline.

IAB and RRC re-establishment
RAN4#93 agreed:
· RRC reestablishment delay
· The structure of existing core requirements of RRC reestablishment as defined in Rel-15 38.133 is reused for IAB MTs requirements.
· FFS: Delay requirements
· FFS: Impact of support of higher number of SMTC configurations for IAB MT
· FFS: Impact of longer SSB periodicity supported for IAB MT

In [2] the re-establish delay for the UE was defined as the capability of sending RRCReestablishmentRequest message within Tre-establish_delay seconds from the moment it detects a loss in RRC connection. The total RRC connection delay (Tre-establish_delay) shall be less than:

TUL_grant: It is the time required to acquire and process uplink grant from the target PCell. The uplink grant is required to transmit RRCReestablishmentRequest message.
Further, [2] says that the UE re-establishment delay (TUE_re-establish_delay) is the time between the moment of detecting condition requiring RRC re-establishment and the time when the PRACH is sent to the target cell. The UE re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

where:
Tidentify_intra_NR is the time to identify the target intra-frequency NR cell
Tidentify_inter_NR,i is the time to identify the target inter-frequency NR cell on inter-frequency carrier
TSI-NR  is the time required for receiving all the relevant system information
TPRACH is the delay caused due to the random access procedure
Among these parameters, all could be directly re-used for static IAB deployment also without need for RRM measurements and reporting requirements. Provided that the inter-IAB node measurements are configured properly and carried out during the normal IAB operation the delays for identifying the target cell is considering both known and unknown target cells. The constant value (50) in the above equation is UE specific and it is FFS how to define that for the IAB node.
The delay due to RACH depends on the IAB configuration and RACH related parameters similarly as during the access to the target cell in the HO procedure. 
[bookmark: _Hlk24131963]RAN4 would need to discuss assumptions and latencies for RRC re-establishment further.

Release with redirection
RAN4#93 agreed:
· RRC connection release with redirection request
· The structure of existing core requirements of RRC connection release with redirection request, as defined in Rel-15 38.133 is reused for IAB MTs requirements.
· FFS: Delay requirements
· FFS: Impact of longer SSB periodicity supported for IAB MTs

Current requirements for release with direction are as follows:
The UE shall be capable of performing the RRC connection release with redirection to the target NR cell within Tconnection_release_redirect_NR.
The time delay (Tconnection_release_redirect_NR) is the time between the end of the last slot containing the RRC command, “RRCRelease” (TS 38.331 [2]) on the NR PDSCH and the time the UE starts to send random access to the target NR cell. The time delay (Tconnection_release_redirect_NR) shall be less than:
	Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH
The target NR cell shall be considered detetable when for each relevant SSB, the side conditions should be met that,
· the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.5 for a corresponding NR Band are fulfilled. 
TRRC_procedure_delay: It is the RRC procedure delay for processing the received message “RRCRelease” as defined in clause 6.2.2 of TS 38.331 [2].
Tidentify-NR: It is the time to identify the target NR cell and depends on the frequency range (FR) of the target NR cell. It is defined in Table 6.2.3.2.1-1. Note that Tidentify-NR = TPSS/SSS-sync + Tmeas, in which TPSS/SSS-sync is the cell search time and Tmeas is the measurement time due to cell selection criteria evaluation.
TSI-NR: It is the time required for acquiring all the relevant system information of the target NR cell. This time depends upon whether the UE is provided with the relevant system information of the target NR cell or not by the old NR cell before the RRC connection is released. 
[bookmark: _Hlk513653427]TRACH: It is the delay caused due to the random access procedure when sending random access to the target NR cell. This delay depends on the PRACH configuration defined in Table 6.3.3.2-2 [6] or Table 6.3.3.2-3 [6] for FR1 and in Table 6.3.3.2-4 [6] for FR2.
[bookmark: _Hlk514061496]Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the redirection command, otherwise Trs is the SMTC periodicity configured in the measObjectNR having the same SSB frequency and subcarrier spacing configured for the RRC connection release with redirection. If the UE is not provided with SMTC configuration or measurement object for the frequency which is also configured for the RRC connection release with redirection then:
· the requirement in this section is applied with Trs = 20 ms if the SSB transmission periodicity is not larger than 20 ms; otherwise,
· there is no requirement if the SSB transmission periodicity is larger than 20ms. 
In general, it should be possible to re-use the frame work defined for the UE requirements also for IAB. RAN4 would need to discuss the assumptions and actual delay numbers further.
[bookmark: _Hlk32618706]RAN4 would need to discuss assumptions and latencies for release with redirection further. 

Random access
This was agreed in RAN4#93:
Random access:
· The random access requirements defined in section 6.2.2 for the UE in TS 38.133 are reused for IAB MT

Handover
If it is decided to introduce handover delay requirements for IAB, section 2.3.2 shows how this could be done using the existing handover requirements. The current handover requirements are generic and covers both known and unknown target cell. Hence, also blind handover is by the requirements in the Tsearch delay by allowing device more time to search for target cell under certain conditions. Therefore, one approach is to re-use existing requirements. 
RAN4 would need to discuss the actual latencies further.
Existing handover delay requirements can be used as baseline for defining IAB handover delay requirements. RAN4 would need to discuss assumptions and latencies further

Conclusion
RAN4#93 discussed the need for IAB SSB based RRM requirements with agreements and open items listed. In this paper (updated resubmission) we analysed the need for RRM requirements for IAB during the IAB active operation. Additionally, we discuss which IAB specific requirements would need to be specified for Rel-16 IAB’s:
Proposal 1: RAN4 does not define RRM measurement requirements (timing requirements for cell detection, Index reading, measurement period, number of cells etc.) for Rel-16 IAB.
Proposal 2: RAN4 does not define RRM measurement accuracy requirements for Rel-16 IAB.
Proposal 3: The IAB-MT handover interrupt time requirement could be introduced based on existing handover interrupt time requirements independently from support of RRM measurements and reporting requirements.
Proposal 4: The HO interruption time from existing UE requirements could be re-used as baseline for defining HO interrupt time in IAB while the IAB specific latency values would need more discussion.
Proposal 5: RAN4 could introduce RLM requirements in IAB.
Proposal 6: Link Recovery procedure, in terms of link failure handling, should be supported in IAB Rel-16.
Proposal 7: RAN4 does not define TCI state switching delay requirements for Rel-16 IAB.
1. RAN4 would need to discuss assumptions and latencies for RRC re-establishment further.
RAN4 would need to discuss assumptions and latencies for release with redirection further. 
1. Existing handover delay requirements can be used as baseline for defining IAB handover delay requirements. RAN4 would need to discuss assumptions and latencies further
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