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[bookmark: _Ref20751443]Introduction
RAN4#92 discussed the need for IAB SSB based RRM requirements but no conclusions were reached [1]. In this paper we analyse the IAB behaviour during the integration and during the IAB active operation, and whether IAB specific requirements should be specified.
Discussion
IAB extensions for SSB TX and RX
RAN 1 has agreed on SSB TX and RX configurations that support inter node discovery and measurements between nodes that are already serving UEs and/or providing backhaul connection to their child nodes. An SSB TX configuration, STC, includes SSB center frequency, SCS, periodicity (from 5 up to 640ms), timing offset, and indexes of SSBs to transmit. An SSB measurement timing configuration, SMTC, includes periodicity (from 5 up to 1280ms), timing offset, duration of the measurement window, and SSB indexes and PCIs to measure. Up to four STCs and four SMTCs can be configured per frequency. These numbers allow sufficiently many TX-RX patterns for performing measurements under the half duplex constraint that DU TX cannot overlap in time with MT RX. With the maximum number of STCs and SMTCs there are  patterns allowing 1-4 measurement opportunities (per period) between nodes allocated with different patterns. 
Figure 1 shows an example of six TX-RX patterns that are obtained by configuring two STCs and two SMTCs per node. In addition to the STCs and SMTCs configured for measurements between already serving IAB nodes, Figure 1 shows also STCs for access UE and IAB-MT cell selection discussed in Section 2.2. [image: ]
Figure 1: An example of SSB TX and RX patterns. The figure displays the half-frames with SSBs transmitted for access UEs (and IAB initial access) with 20ms periodicity and the half-frames corresponding to STCs and SMTCs configured with 80ms periodicity for measurements between IAB nodes.
IAB cell selection
At power up the IAB node MT part is active and is operating according to Rel.15 UE specifications. The IAB-MT performs the cell selection scanning the available cells. In addition to power up phase, cell selection is initiated at failure of re-establishment procedure when the IAB-MT goes idle.
NOTE: RAN3 has agreed for explicit IAB indication which can be used in the cell selection to select among nodes supporting IAB operation.
For the cell selection UE may scan multiple frequencies, multiple PLMNs, and/or multiple RAT. The UE may use prior knowledge about cells it may have camped on/connected to earlier (stored list cell selection). Historically RAN4 has not defined any detailed requirements for cell selection procedure and the actual procedure is left as vendor specific. 
The cell selection procedure for IAB-MT will be similar to existing UE cell selection procedure, having multiple parameters affecting the time before a suitable cell is detected for connection setup. There may be only a single PLMN to scan and the number of (preconfigured) frequencies may be small covering only those used for IAB. During the IAB integration, possible latency in selecting a cell is not seen critical because the cell selection is performed only when a new IAB-node is deployed, which may not happen very often. The latency would neither affect any ongoing connections.
Observation 1: The cell selection during the IAB integration procedure is not time critical.
Cell selection may have to be initiated also when the BH connection is lost which is then followed by failed re-establishment procedure. In such case it would be good to be able re-connect as fast as possible. The cell selection may not in this scenario be the bottle neck assuming that the IAB node has prior information about candidate cells from the previous connection. On the other hand, failed re-establishment may be caused due to non-availability of suitable candidate cell at the BH failure. Therefore, requirements for cell selection may not be of any help in trying to reduce delay for re-connection.
Observation 2: It is difficult to set specific requirement for cell selection after connection failure.
For the reasons discussed above, we can conclude that the cell selection does not have to be specified for IAB-MT.
Proposal 1: As with access UE, there is no need to specify requirements for IAB-MT cell selection.
 
IAB cell Change
Generally, IAB-MT is not in idle (excluding power-up phase) except when cell selection has been initiated after failed RLF recovery on the BH link. 
For access UE, requirements for the idle state cell re-selection cover following [2]:
1. UE measurement capability
2. Measurements and evaluation of serving cell
3. Measurements of intra-frequency NR cells
4. Measurements of inter-frequency NR cells
5. Measurements of inter-RAT E-UTRAN cells
6. Maximum interruption of paging reception
However, as the IAB-MT is normally not in the idle state, there is no need for defining idle mode requirements
Proposal 2: Idle mode measurements and evaluation for cell reselection does not have to be specified for IAB-MT.
Proposal 3: Other requirements for idle mode measurements or paging reception are not specified for IAB.
The above apply also for RRC_INACTIVE which is not supported by IAB.
Proposal 4: No requirements for RRC_INACTIVE as it is not supported in IAB.

Connected state RRM measurements and mobility
In general, the possibility for connected state inter-IAB node measurements depends on the IAB network deployment (topology), resource 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. 
Observation 4: There are multiple parameters, some of which IAB specific, affecting the IAB RRM measurements making it challenging to evaluate the performance.
As baseline, Rel-16 IAB does not support mobile IABs. However, even though IAB mobility is not supported there may be changes in the deployment environment which may lead to the situation that the currently used BH link is no longer available or the optimal BH link to be used. E.g. in case the BH connection between IAB1 and IAB2 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. Such IAB topology adaptation is using NR handover procedures as the baseline. The UE requirements for handover 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.
Proposal 5: The need for IAB-MT handover delay requirement is FFS and depend on the selected procedure(s).
[bookmark: _GoBack]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 candidate nodes are already known at the time when HO command for topology adaptation is received. As the Handovers are needed to enable topology adaptation and it can be assumed that such adaptation is not frequent, there seem not to be justification for defining strict RRM cell detection and measurement latency requirements in Rel-16 IAB.
Proposal 6: No need for strict RRM measurement requirements in IAB Rel-16.
However, as there is need for topology adaptation, the IAB DU would need input from the IAB MT’s to enable handover when needed. But as the Rel-16 IAB assumes stationary IAB’s, the MT measurements and reporting latency does not seem to be time critical but can be done on best effort manner in Rel-16. Once, based on MT measurement, a measurement report is sent to the donor IAB, the donor IAB can request HO from the MT.
Proposal 7: Any RRM measurements for IAB RRM can be based on best effort in Rel-16.
Likely, Tsearch will be zero, but current conditions could also apply. 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 AIB’s are assumed stationary in Rel-16. Therefore, T∆ could be assumed to be zero.
Observation 5: The HO interruption time could be analyzed the same way as that of the UE but the IAB specific values would be FFS.
It should be noted that IAB may utilize mobility procedure and possible enhancements that will be specified for Rel.16 and/or releases beyond. Such enhancements may cover: Conditional HO (CHO), RACH-less HO, make-before-break, etc. which all can decrease the interruption time when changing the BH connection from a parent node to another using mobility procedures. Such enhancements are implementation options and requirements based on such advanced methods should be discussed once agreed. 
Observation 6: Mobility enhancements specified for Rel.16 or in future releases can well be applicable for IAB operation improving the HO performance by e.g. decreasing the interruption time.
Proposal 8: RAN4 should discuss if and how requirements for IAB topology adaptation using mobility procedures could be specified. 

RRC re-establishment
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, the first three could be assumed to be irrelevant for the static IAB deployment provided that the inter-IAB node measurements are configured properly and carried out during the normal IAB operation; see 2.1 for IAB specific configuration option. 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. 
Observation 7: Similar uncertainties apply for the re-establishment as identified for the HO procedure if/how requirements for the IAB can be specified.
Proposal 9: RAN4 should discuss if and how requirements for IAB re-establishment could be specified. 

Conclusion
RAN4#92 discussed the need for IAB SSB based RRM requirements with no agreements [1]. In this paper we analysed the IAB behaviour during the integration and during the IAB active operation, and whether IAB specific RRM requirements would need to be specified. Based on the discussion we conclude:
Proposal 1: As with access UE, there is no need to specify requirements for IAB-MT cell selection.
Proposal 2: Idle mode measurements and evaluation for cell reselection does not have to be specified for IAB-MT.
Proposal 3: Other requirements for idle mode measurements or paging reception are not specified for IAB.
Proposal 4: No requirements for RRC_INACTIVE as it is not supported in IAB.
Proposal 5: The need for IAB-MT handover delay requirement is FFS and depend on the selected procedure(s).
Proposal 6: No need for strict RRM measurement requirements in IAB Rel-16.
Proposal 7: Any RRM measurements for IAB RRM can be based on best effort in Rel-16.
Proposal 8: RAN4 should discuss if and how requirements for IAB topology adaptation using mobility procedures could be specified. 
Proposal 9: RAN4 should discuss if and how requirements for IAB re-establishment could be specified. 
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