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Introduction
During the last meeting [1], RAN4 agreed to the following requirement:
	Agreements
· Random access
· The random access requirements defined in section 6.2.2 for the UE in TS 38.133 are reused for IAB MT.
· 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
· 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 this contribution, we discuss the details of RRM requirements in following scenarios:
· RRC reestablishment delay
· RRC connection release with redirection request

Description
RAN1 made several agreements regarding SMTC and RACH procedures for IAB networks [2]. The agreements that are relevant for RRC mobility control are shown in the appendix section. Most of these agreements do not impact existing core requirements of RRC mobility control. The one exception lies in the number of configured SMTCs. 


2.1 Impact of higher number of SMTC windows
Rel-15 allowed network to configure up to two SMTC windows for each UE. This has been captured in RRC re-establishment delay requirement in the following way.

	
Text of 38.133

……………………………………..
TSMTC: It is the periodicity of the SMTC occasion configured for the intra-frequency carrier. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2, Tsmtc follows smtc1 or smtc2 according to the physical cell ID of the target cell.





Rel-16 has allowed network to configure up to four SMTC windows for each IAB MT node. 
	
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.




Observation 1: Rel-15 allowed network to configure up to two SMTC windows to each UE. Rel-16 allowed network to configure up to four SMTC windows to each IAB MT node.
Observation 2: The section describing the core requirements for RRC re-establishment delay mentions the number of SMTC windows that can be configured for the UEs.
This configuration of additional number of SMTC windows needs to be captured in RAN4 RRC Re-establishment delay requirements. The remaining part of the existing requirements can be reused for IAB nodes.
2.2 Impact of longer periodicity of SMTC windows
The periodicity of the SMTC windows, that can be configured for IAB-MTs, can be as long as 1280 ms. During the last meeting, it was suggested that this longer periodicity would impact core requirements of RRC mobility control. However, the periodicity of SMTC windows is not mentioned in the core requirements of RRC mobility control. The periodicity of SMTC windows only appears in the performance tests of RRC mobility control. So, the longer periodicity of SMTC windows will not impact the core requirements of RRC mobility control for IAB-MTs.
Observation 3: Rel-15 allows the SMTC periodicity to up to 160 ms for a UE. Rel-16 allows the SMTC periodicity to be up to 1280 ms for a IAB-MT. 
Observation 4: The sections describing the core requirements for RRC re-establishment delay and RRC release with redirection mention the number of SMTC windows that can be configured for the UEs.

2.3 Delay requirements of RRC re-establishment

Proposal 1: Most parts of the existing core requirements of RRC reestablishment delay, as defined in Rel-15 38.133, are reused for IAB MTs.
· The only exception lies in the description of TSMTC parameter. The description of TSMTC  should mention that up to four SMTC windows can be configured per frequency layer for an IAB MT.
· An example text proposal is shown below.

	
The UEIAB-MT re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UEIAB-MT and when the UEIAB-MT sends PRACH to the target PCell. The UEIAB-MT re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:
-	SS-RSRP related side conditions given in clause 10.1.2 and 10.1.3 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-	the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
The inter-frequency target NR cell shall be considered detectable when for each relevant SSB:
-	SS-RSRP related side conditions given in clause 10.1.4 and 10.1.5 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-	the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
Tidentify_intra_NR: It is the time to identify the target intra-frequency NR cell and it depends on whether the target NR cell is known cell or unknown cell and on the frequency range (FR) of the target NR cell. If the UE IAB-MT is not configured with intra-frequency NR carrier for RRC re-establishment then Tidentify_intra_NR=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-1.
Tidentify_inter_NR,i: It is the time to identify the target inter-frequency NR cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR cell is known cell or unknown cell and on the frequency range (FR) of the target NR cell. Tidentify_inter_NR,i shall not exceed the values defined in Table 6.2.1.2.1-2.
TSMTC: It is the periodicity of the SMTC occasion configured for the intra-frequency carrier. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2smtcI where 1<=I<=4, Tsmtc follows smtc1 or smtc2smtcI  according to the physical cell ID of the target cell.
TSMTC,i: It is the periodicity of the SMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE IAB-MT may assume that the target SSB periodicity is no larger than 20 ms.
TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target NR cell.
TPRACH: It is the delay caused due to the random access procedure when sending random access to the target NR cell. The 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.
Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target intra-frequency NR cell is known, else Nfreq = 2 and Tidentify_intra_NR = 0 if the target inter-frequency NR cell is known.
There is no requirement if the target cell does not contain the IAB-MT UE context.
In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.
Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	[bookmark: _Hlk521492617]3520Note1

	Note 1:	The IAB-MT UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 13 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 104 x TSMTC, i))

	< -8
	FR1
	N/A
	[bookmark: _Hlk521492632]800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE IAB-MT is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.







2.4 Delay requirements of RRC release with redirection request
Proposal 2: The existing core requirements of RRC connection release with redirection request, as defined in Rel-15 38.133, are reused for IAB MTs.

Conclusion
Observation 1: Rel-15 allows network to configure up to two SMTC windows to each UE. Rel-16 allows network to configure up to four SMTC windows to each IAB MT node.
Observation 2: The section describing the core requirements for RRC re-establishment delay mentions the number of SMTC windows that can be configured for the UEs.
Observation 3: Rel-15 allows the SMTC periodicity to be up to 160 ms for a UE. Rel-16 allows the SMTC periodicity to be up to 1280 ms for an IAB-MT. 
Observation 4: The sections describing the core requirements for RRC re-establishment delay and RRC release with redirection mention the number of SMTC windows that can be configured for the UEs.

Proposal 1: Most parts of the existing core requirements of RRC reestablishment delay, as defined in Rel-15 38.133, are reused for IAB MTs.
· The only exception lies in the description of TSMTC parameter. The description of TSMTC  should mention that up to four SMTC windows can be configured per frequency layer for an IAB MT.
· An example text proposal is shown below.

	
The UEIAB-MT re-establishment delay (TUE_re-establish_delay) is the time between the moments when any of the conditions requiring RRC re-establishment as defined in clause 5.3.7 in TS 38.331 [2] is detected by the UEIAB-MT and when the UEIAB-MT sends PRACH to the target PCell. The UEIAB-MT re-establishment delay (TUE_re-establish_delay) requirement shall be less than:

The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:
-	SS-RSRP related side conditions given in clause 10.1.2 and 10.1.3 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-	the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
The inter-frequency target NR cell shall be considered detectable when for each relevant SSB:
-	SS-RSRP related side conditions given in clause 10.1.4 and 10.1.5 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-	the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
Tidentify_intra_NR: It is the time to identify the target intra-frequency NR cell and it depends on whether the target NR cell is known cell or unknown cell and on the frequency range (FR) of the target NR cell. If the UE IAB-MT is not configured with intra-frequency NR carrier for RRC re-establishment then Tidentify_intra_NR=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-1.
Tidentify_inter_NR,i: It is the time to identify the target inter-frequency NR cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR cell is known cell or unknown cell and on the frequency range (FR) of the target NR cell. Tidentify_inter_NR,i shall not exceed the values defined in Table 6.2.1.2.1-2.
TSMTC: It is the periodicity of the SMTC occasion configured for the intra-frequency carrier. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2smtcI where 1<=I<=4, Tsmtc follows smtc1 or smtc2smtcI  according to the physical cell ID of the target cell.
TSMTC,i: It is the periodicity of the SMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE IAB-MT may assume that the target SSB periodicity is no larger than 20 ms.
TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target NR cell.
TPRACH: It is the delay caused due to the random access procedure when sending random access to the target NR cell. The 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.
Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target intra-frequency NR cell is known, else Nfreq = 2 and Tidentify_intra_NR = 0 if the target inter-frequency NR cell is known.
There is no requirement if the target cell does not contain the IAB-MT UE context.
In the requirement defined in the below tables, the target FR1 cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown.
Table 6.2.1.2.1-1: Time to identify target NR cell for RRC connection re-establishment to NR intra-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_intra_NR [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 5 x TSMTC)
	MAX (800 ms, 10 x TSMTC)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 80 x TSMTC))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	3520Note1

	Note 1:	The IAB-MT UE is not required to successfully identify a cell on any NR frequency layer when TSMTC > 20 ms and serving cell SSB Ês/Iot < -8 dB.



Table 6.2.1.2.1-2: Time to identify target NR cell for RRC connection re-establishment to NR inter-frequency cell
	Serving cell SSB Ês/Iot (dB)
	Frequency range (FR) of target NR cell
	Tidentify_inter_NR, i [ms]

	
	
	Known NR cell
	Unknown NR cell

	≥ -8
	FR1
	MAX (200 ms, 6 x TSMTC, i)
	MAX (800 ms, 13 x TSMTC, i)

	≥ -8
	FR2
	N/A
	MAX (1000 ms, 104 x TSMTC, i))

	< -8
	FR1
	N/A
	800Note1

	< -8
	FR2
	N/A
	4000Note1

	Note 1:	The UE IAB-MT is not required to successfully identify a cell on any NR frequency layer when TSMTC,i > 20 ms and serving cell SSB Ês/Iot < -8 dB.







Proposal 2: The existing core requirements of RRC connection release with redirection request, as defined in Rel-15 38.133, are reused for IAB MTs.
Reference

[1] Chairman’s notes, 3GPP TSG RAN WG4 Meeting #93
[2] Chairman’s notes, 3GPP TSG RAN WG1 Meeting #98bis.


Appendix: RAN1 Agreements regarding SMTC and RACH
	
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.

Agreements:
The configurable values of the parameters in the SSB reception configurations including SMTC for IAB node discovery and measurement are provided in the following
· SMTC window periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
· SMTC window timing offset: 
· [0, ..., (number of subframes within SMTC window periodicity) – 1]
· SMTC window duration: 
· [1, …, 5] (subframes)
· FFS larger than 5
· List of physical cell IDs to be measured
· [cell ID 0, …, cell ID M-1 ]
· FFS value of M
· SSB-ToMeasure
· Same as Rel-15

Agreements:
The periodicity of a backhaul RACH configuration in frames takes the form x_iab = x * λ where:
· x is the periodicity of an existing RACH configuration,
· λ is a scaling factor taking values in {1, 2, 4, 8, 16, 32, 64} subject to the constraint x_iab ≤ 64.

Agreements:
The introduction of scaling factor for PRACH configuration period also scales the SSB-RACH association period and association pattern period accordingly.
Assuming the scaling factor to be λ, for IAB nodes table 8.1-1 of 38.213 gets modified to the following:
Mapping between scaled PRACH Configuration Period (x * λ) and SSB to PRACH Occasion Association Period
	Scaled PRACH configuration period (ms)
	Association period

	10
	{1, 2, 4, 8, 16, 32, 64}

	20
	{1, 2, 4, 8, 16, 32}

	40
	{1, 2, 4, 8, 16}

	80
	{1, 2, 4, 8}

	160
	{1, 2, 4}

	320
	{1, 2}

	640
	{1}



The definition of the SSB-RACH association pattern period for IAB nodes should be updated as follows: An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 640 msec.

Agreements:
The signaling design for the IAB specific backhaul RACH configurations is up to RAN2.
RAN1 has the following recommendations:
· The ability to configure the IAB specific backhaul RACH configuration additionally to the Rel 15 RACH configuration for access UEs is supported.
· If the IAB specific RACH configuration is not provided, RAN1 assumes that IAB node will use the configured Rel 15 RACH configuration for IAB node initial access.
· Capability to configure IAB specific backhaul RACH configurations need to be provided for both CBRA & CFRA.






