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1 	Introduction
In RANP #103 meeting, the WID [1] for R19 NR Radio Resource Management (RRM) Phase 5 was agreed and the objectives are self-contained as below.
	· 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
· 



And in the last RAN4 meeting, there were some initial discussion mainly on WI scope [2]. In this contribution we provide more considerations on the possible enhancement to reduce the SSB based L3 measurement delay.
2 Discussion
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In WID, there is not clear enough description on which scenarios (e.g. intra-frequency or inter-frequency measurements) needs to be considered when reducing the L3 measurement delay. In our view, firstly both intra-frequency and inter-frequency L3 measurement requirements defined in 9.2 and 9.3 in TS38.133 [3] can be revisited. But for UE not in multiple-RX simultaneous reception mode only the measurement outside gap needs to be enhanced. 

Secondly, beside the intra/inter frequency requirements FR2-1 SSB based L3 measurement delay reduction can be applicable other scenarios. For an example, in case of FR2-FR2 handover especially for the unknown case the L3 the Tsearch = N*3* Trs is dependent with beam sweeping factor. That is 
Observation 1: Rx beam sweeping reduction can be also helpful to shorten the overall handover interruption time.

However, in our understanding, it is straightforward to leverage the conclusion for intra-frequency and inter-frequency L3 measurement requirements enhancements in this WI to FR2-FR2 handover requirements. 

	[bookmark: _Toc526331616]6.1.1.4	NR FR2- NR FR2 Handover
The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR2 cell to NR FR2 cell.
[bookmark: _Toc526331617]6.1.1.4.1	Handover delay
[bookmark: _Toc526331618]When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover ms from the end of the last TTI containing the RRC command.
Where:
Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.4.2.
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.
-	If the target cell is a known inter-frequency cell, then 
-	if the measured SSB is the target SSB for handover of the target cell, Tsearch = 0ms; 
-	if the measured SSB and the target SSB for handover belong to the same NR target cell and if the UE supports ncd-SSB-BWP-Wor-r18, Tsearch = Trs ms provided any one of the following conditions is satisfied:
-	CD-SSB in initial DL BWP is the measured SSB and NCD-SSB in first active DL BWP is the target SSB for handover
-	NCD-SSB in a DL BWP is the measured SSB and CD-SSB in initial DL BWP is the target SSB for handover
-	Both measured SSB and the target SSB for handover are NCD-SSB within different DL BWPs
-	Otherwise, the target cell is an unknown inter-frequency cell and Tsearch = N*3* Trs ms if the target cell Es/Iot≥-2 dB.
Where N = 8 when the target cell is in FR2-1, and N = 12 when the target cell is in FR2-2.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms. 
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ =  Trs for both known and unknown target cell.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].




Therefore, we suggest that:

Proposal 1: The following L3 measurement delay requirements in TS38.133 [3] can be taken as our baseline to be optimized.
	Current requirements in TS38.133
	UE operating multiple-Rx mode

	9.2.5	Intrafrequency measurements without measurement gaps
	Needs to be enhanced

	9.2.6	Intra-frequency measurements with measurement gaps

	Needs to be enhanced

	9.3.4	Inter-frequency measurement with measurement gaps
	Needs to be enhanced

	9.3.9	Inter frequency measurements without measurement gaps

	Needs to be enhanced

	6.1.1.4	NR FR2- NR FR2 Handover

	Needs to be enhanced by leveraging the conclusion from the requirements for L3 measurement defined in 9.2 and 9.3.



Another important aspect needed to be clarified is DRX scenario. In case of measurement under DRX, the power consumption may be more crucial than the measurement delay itself when the basic mobility management performance can be guaranteed. Thus we also suggested that:
Proposal 2: The SSB based L3 measurement delay reduction with DRX shall be deprioritized.

Additionally, for the multiple-RX operation itself for L3 measurements there are two possible scenarios below needs to be clarified.
· scenario 1 : two RX beams used for one cell 


Figure 1. Scenario 1: two RX beams used for one cell

· scenario 2 : two RX beams used for different cells


Figure 2. Scenario 2 : two RX beams used for different cells

For scenario 2 (two RX beams used for different cells) with multi-RX chain capability in a single carrier, UE can received PDCCH/PDSCH/TRS/CSI-RS for CQI (one beam) and one SSB symbols (another beam) to be measured. That is the measurement delay reduction because of beam sweeping factor may not appliable. 
Proposal 3: UE multiple RX beams shall be used for the same cell’s measurement in order to reduce L3 measurement delay.

Additionally, for the individual part of L3 measurement, beam sweeping factor is assumed to be same. For an example, in current TS38.133 [3] as shown below 8 for FR2-1 power class 1 or 5 in the L3 cell synchronization and measurement.

	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.




However, theoretically in case of UE acquired some rough timing with PSS/SSS synchronization, UE may complete the further measurement or SSB index decoding from the initial beam sweeping status. That is UE can do measurement within the less candidate beams. 
[image: ]
Figure 3. Reduced Rx beam sweeping after PSS/SSS detection

Proposal 4: In order to shorten the overall L3 measurements delay, the smaller RX beam sweeping factor for SSB index acquiring and SSB measurement can be used in comparison with that for PSS/SSS detection.
3 Conclusion
In this contribution, serval issues related toFR2-1 SSB based L3 measurement delay reduction for connected mode in Rel19 are discussed. The observations and proposals can be summarized as:
Observation 1: Rx beam sweeping reduction can be also helpful to shorten the overall handover interruption time.
Proposal 1: The following L3 measurement delay requirements in TS38.133 [3] can be taken as our baseline to be optimized.
	Current requirements in TS38.133
	UE operating multiple-Rx mode

	9.2.5	Intra-frequency measurements without measurement gaps
	Needs to be enhanced

	9.2.6	Intra-frequency measurements with measurement gaps

	Needs to be enhanced

	9.3.4	Inter-frequency measurement with measurement gaps
	Needs to be enhanced

	9.3.9	Inter frequency measurements without measurement gaps

	Needs to be enhanced

	6.1.1.4	NR FR2- NR FR2 Handover

	Needs to be enhanced by leveraging the conclusion from the requirements for L3 measurement defined in 9.2 and 9.3.



Proposal 2: The SSB based L3 measurement delay reduction with DRX shall be deprioritized.
Proposal 3: UE multiple RX beams shall be used for the same cell’s measurement in order to reduce L3 measurement delay.
Proposal 4: In order to shorten the overall L3 measurements delay, the smaller RX beam sweeping factor for SSB index acquiring and SSB measurement can be used in comparison with that for PSS/SSS detection.
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