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1. Introduction
In last RAN plenary meeting, RAN4 Rel-19 package was approved and 2 RRM enhancement topics are defined in the WID [1]. The objectives are duplicated as follows.· FR2-1 SSB based L3 measurement delay reduction for connected mode
· For UE supporting multiple-Rx simultaneous reception on single carrier: 
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
· Rx beam sweeping factor 
· For UE not in multiple-Rx simultaneous reception mode:
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
·  CSSF outside gap in CA/DC scenarios 
· Baseline assumption on number of searchers is 2
· Fast SCell activation for UE supporting Rel-18 EMR 
· Study and, if feasible, to reduce the SCell activation delay with valid EMR reporting 
· Apply fast scell activation in FR1 and FR2-1 
· Note: RAN4 to start this work from Q3’2024 and aim for completion in Dec’2024. Workplan for this bullet can be discussed in May’2024

This document summarizes possible affected parts and proposes possible enhancements.
2. Discussion
Since the objective focuses on Rx beam sweeping factor optimization for UE supporting multiple-Rx simultaneous reception on single carrier, possible affected parts should be the requirements including Rx beam sweeping factor. From current specification, following L3 measurement requirements are related to Rx beam sweeping factor. These values should be optimized.
Proposal 1: Following values are candidates for optimization with Rx beam sweeping factor reduction.
· Tsearch in Handover/PSCell addition delay requirements when target cell is FR2-1 cell
· Time to identify target NR cell in RRC Re-establishment/RRC Connection Release with Redirection when target cell is FR2-1 cell
· Scaling factors in intra/inter-frequency measurement when measured cell is FR2-1 cell
· Time period used to acquire MIB message in CGI identification when target cell is FR2-1 cell
2.1. E-UTRAN-NR FR2 Handover
In TS 36.133, the interruption time for E-UTRAN-NR FR2 Handover implicitly contains beam sweeping factor. The value 24 comes from 8*3 and 8 is beam sweeping factor.5.3.5	E-UTRAN - NR FR2 Handover
[…]
5.3.5.3	Interruption time
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Trs + Tprocessing + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is a known cell, then Tsearch = 0 ms. If the target cell is unknown and the target cell Es/Iot ≥ -2 dB, then Tsearch = 24 ▪Trs periodicity. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

2.2. NR PSCell Addition and Release Delay for E-UTRA - NR Dual Connectivity
In TS 36.133, the interruption time for NR PSCell Addition and Release Delay for E-UTRA - NR Dual Connectivity implicitly contains beam sweeping factor. The value 24 comes from 8*3 and 8 is beam sweeping factor.7.31	NR PSCell Addition and Release Delay for E-UTRA - NR Dual Connectivity
[…]
7.31.2	NR PSCell Addition Delay Requirement
The requirements in this section shall apply for the UE which is configured with PCell, and may also be configured with one or more SCells.
Upon receiving NR PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards NR PSCell no later than in subframe n + Tconfig PSCell:
Where:
Tconfig_PSCell = TRRC_delay + Tprocessing + Tsearch + T∆ + TPSCell_ DU + 2 ms
TRRC_delay is the RRC procedure delay as specified in [2].
Tprocessing is the SW processing time needed by UE, including RF warm up period. Tprocessing = 20 ms if NR PSCell is in FR1, Tprocessing = 40 ms if NR PSCell is in FR2.
Tsearch is the time for AGC settling and PSS/SSS detection.
-	For NR PSCell in FR1: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms;
-	For NR PSCell in FR2: if the target cell is a known cell, Tsearch = 0 ms. If the target cell is an unknown cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 24* Trs ms.


2.3. NR FR2-NR FR2 Handover and NR FR1-NR FR2 Handover
In TS 38.133, the interruption time for NR FR2-NR FR2 Handover and NR FR1-NR FR2 Handover contain beam sweeping factor N.[bookmark: _Toc526331616]6.1.1.4	NR FR2- NR FR2 Handover
[…]
6.1.1.4.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the handover command is received by the UE. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	If the target cell is a known intra-frequency cell, then Tsearch = 0ms.
-	If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N* Trs ms.
[…]
Where N = 8 when the target cell is in FR2-1, and N = 12 when the target cell is in FR2-2.
[…]
6.1.1.5	NR FR1- NR FR2 Handover
[bookmark: _Toc526331621][…]
6.1.1.5.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When in inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the handover command is received by the UE. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	If the target cell is a known intra-frequency cell, then Tsearch = 0ms.
-	If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = N* Trs ms.
[…]
Where N = 8 when the target cell is in FR2-1, and N = 12 when the target cell is in FR2-2.


Also the requirements for Handover for RedCap contains beam sweeping factor 8.6.1D.1.3	NR FR2- NR FR2 Handover
[…]
6.1D.1.3.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
Tsearch is the time required to search the target cell which depends on whether the target cell is already known when the handover command is received by the UE. 
-	If the target cell is a known intra-frequency cell, Tsearch = 0ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 8*Trs ms.

2.4. SA: RRC Re-establishment and SA: RRC Connection Release with Redirection
In TS 38.133, Time to identify target NR cell implicitly contains beam sweeping factor. The value 80, 3520, 4000 come from 8*10, 8*22*20, 8*25*20 respectively and 8 is beam sweeping factor [2].[bookmark: _Toc526331628]6.2.1	SA: RRC Re-establishment
[…]
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 
FR of target NR 
Tidentify_intra_NR [ms]
SSB Ês/Iot (dB)
cell
Known NR cell
Unknown NR cell
≥ -8
FR1
MAX (200 ms, 5 x TSMTC)
MAX (800 ms, 10 x TSMTC)
≥ -8
FR2-1
N/A
MAX (1000 ms, 80 x TSMTC))
≥ -8
FR2-2
N/A
MAX (1000 ms, 120 x TSMTC))
< -8
FR1
N/A
800Note1
< -8
FR2-1
N/A
[bookmark: _Hlk521492617]3520Note1
< -8
FR2-2
N/A
5280Note1
Note 1:	The 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.

T 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)
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
FR2-1
N/A
MAX (1000 ms, 104 x TSMTC, i))
≥ -8
FR2-2
N/A
MAX (1000 ms, 156 x TSMTC, i))
< -8
FR1
N/A
[bookmark: _Hlk521492632]800Note1
< -8
FR2-1
N/A
4000Note1
< -8
FR2-2
N/A
6000 Note1
Note 1:	The UE 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.
[…]
6.2.3	SA: RRC Connection Release with Redirection
[…]
Table 6.2.3.2.1-1: Time to identify target NR cell for RRC connection release with redirection to NR
FR of target NR cell
Tidentify-NR
FR1
MAX (680 ms, 11 x Trs)
FR2-1
MAX (880 ms, 8x11 x Trs)
FR2-2
MAX (880 ms, 12x11 x Trs)
Note:	If the UE has been provided with higher layer signaling of smtc2 specified in TS 38.331 [2] prior to the redirection command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.


2.5. Intra/Inter-frequency measurements
In TS 38.133, the measurement periods contain following scaling factors and they implicitly contain 8 as beam sweeping factor. More precisely, 40 = 8*5, 24 = 8*3, and 48 = 8*6.	Mpss/sss_sync_w/o_gaps: For a UE supporting FR2-1 power class 1 or 5, Mpss/sss_sync_w/o_gaps =40. For a UE supporting power class 2, Mpss/sss_sync_w/o_gaps =24.  For a UE supporting FR2-1 power class 3, Mpss/sss_sync_w/o_gaps =24. For a UE supporting FR2-1 power class 4, Mpss/sss_sync_w/o_gaps =24. For a UE supporting FR2-2 power class 1, Mpss/sss_sync_w/o_gaps = 60. For a UE supporting FR2-2 power class 2, Mpss/sss_sync_w/o_gaps = 36. For a UE supporting FR2-2 power class 3, Mpss/sss_sync_w/o_gaps = 36.
	Mmeas_period_w/o_gaps: For a UE supporting FR2-1 power class 1 or 5, Mmeas_period_w/o_gaps =40. For a UE supporting FR2-1 power class 2, Mmeas_period_w/o_gaps =24. For a UE supporting FR2-1 power class 3, Mmeas_period_w/o_gaps =24. For a UE supporting power class 4, Mmeas_period_w/o_gaps =24.	For a UE supporting FR2-2 power class 1, Mmeas_period_w/o_gaps = 60. For a UE supporting FR2-2 power class 2, Mmeas_period_w/o_gaps = 36. For a UE supporting FR2-2 power class 3, Mmeas_period_w/o_gaps = 36.
MSSB_index_intra: For a UE supporting FR2-2 power class 1, MSSB_index_intra = 72 samples. For a UE supporting FR2-2 power class 2, MSSB_index_intra = 48 samples. For a UE supporting FR2 power class 3, MSSB_index_intra = 48 samples.

	Mpss/sss_sync_with_gaps : For a UE supporting FR2-1 power class 1 or 5, Mpss/sss_sync with_gaps=40. For a UE supporting FR2-1 power class 2, Mpss/sss_sync with_gaps =24.  For a UE supporting FR2-1 power class 3, Mpss/sss_sync with_gaps =24. For a UE supporting FR2-1 power class 4, Mpss/sss_sync with_gaps =24. For a UE supporting FR2-2 power class 1, Mpss/sss_sync with_gaps = 60. For a UE supporting FR2-2 power class 2, Mpss/sss_sync with_gaps = 36. For a UE supporting FR2-2 power class 3, Mpss/sss_sync with_gaps = 36.
	Mmeas_period_ with_gaps: For a UE supporting FR2-1 power class 1 or 5, Mmeas_period_ with_gaps =40. For a UE supporting FR2-1 power class 2, Mmeas_period_ with_gaps =24. For a UE supporting FR2-1 power class 3, Mmeas_period_ with_gaps =24. For a UE supporting FR2-1 power class 4, Mmeas_period with_gaps =24. For a UE supporting FR2-2 power class 1, Mmeas_period_ with_gaps = 60. For a UE supporting FR2-2 power class 2, Mmeas_period_ with_gaps = 36. For a UE supporting FR2-2 power class 3, Mmeas_period_ with_gaps = 36.

2.6. CGI identification of an NR cell with autonomous gaps
In TS 38.133, time period used to acquire MIB message implicitly contains 8 as beam sweeping factor. The value 25 comes from 8*3 + 1 and 8 is beam sweeping factor.9.11	NR measurements with autonomous gaps
[…]
9.11.2	CGI identification of an NR cell with autonomous gaps
The UE shall identify and report the CGI of a known NR target cell when requested by the network for the purpose of reportCGI. Only one cell is provided to the UE with cellForWhichToReportCGI for identifying the CGI.The UE may make autonomous gaps in both downlink reception and uplink transmission for receiving MIB and SIB1 message according to clause 5.5.3 of TS 38.331 [2]. Note that a UE is not required to use autonomous gap if useAutonomousGaps is set to false. If autonomous gaps are used for measurement with the purpose of reportCGI, regardless of whether DRX is used or not, or whether SCell(s) are configured or not, the UE shall be able to identify a new CGI of NR cell within:
	Tidentify_CGI = (TMIB + T SIB1) ms
Where:
	TMIB is the time period used to acquire MIB message. TMIB = 6 * TSMTC ms for target cell carrier frequency on FR1 and TMIB = 25 * TSMTC ms for target cell carrier frequency on FR2.


3. Conclusion
In this contribution, we summarize possible affected parts and propose possible enhancements.
Proposal 1: Following values are candidates for optimization with Rx beam sweeping factor reduction.
· Tsearch in Handover/PSCell addition delay requirements when target cell is FR2-1 cell
· Time to identify target NR cell in RRC Re-establishment/RRC Connection Release with Redirection when target cell is FR2-1 cell
· Scaling factors in intra/inter-frequency measurement when measured cell is FR2-1 cell
· Time period used to acquire MIB message in CGI identification when target cell is FR2-1 cell
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