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1 [bookmark: _Ref118271349]	Introduction
The work item (WI) for less than 5 MHz has the following objectives [1]:
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.


Further, RAN plenary has sent an LS to RAN1 with further updates on PBCH design for band n100: 
	RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.


Then, RAN1 has made additional agreements and sent an LS to RAN4, the key agreement that impact the discussion is the following [3]:
	•	For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4), PBCH transmission bandwidth is 12 PRBs
•	RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.



Furthermore, the open issues captured from the previous meeting is captured in the way forward (WF) for core requirements [4], summary for simulation [5] and from meeting #R4-106-bis WF for simulation assumptions [6].
2 Discussion
In this section, discussion provided for the open issues captured from the WF from previous meeting [4]. 
2.1. Discussion on measurements
The open issues are captured below:
	Sub-topic 1-1: Measurements
Issue 1-1: Priority for L3 measurements
Agreement: RAN4 will define both intra-frequency and inter-frequency measurement requirements
Issue 1-2: L3 Measurement requirements:
Agreement: RAN4 will define SSB-based L3 measurement requirements. RAN4 will not define CSI-RS based L3 measurement requirements
Issue 1-3: L1 Measurement requirements:
Agreement: RAN4 will define SSB-based L1 measurement requirements.
Way forward: Define CSI-RS-based measurement requirements
-	Option 1: RAN4 will define CSI-RS-based L1 measurement requirements
-	Option 2: RAN4 will not define CSI-RS-based L1 measurement requirements in this release
Issue 1-4: L1-SINR measurement requirements:
Agreement: RAN4 will not define L1-SINR measurement requirements



Given that there is not many meetings left until the end of the WI core requirements, our preference is to prioritize to deprioritize the requirements for CSI-RS based requirements. 
Proposal 1: [bookmark: _Ref142648411]RAN4 can deprioritize the CSI-RS-based L1 measurement requirements in this release.
2.2. Discussion on RLM, BFD and CBD
The open issues are captured below:
	Sub-topic 1-2: Radio Link Monitoring
Issue 1-6: PDCCH transmission parameters changes:
Way forward: Reduce aggregation level (CCE) or to increase the number of control OFDM symbols from 2 to 3
-	Option 1: Agree (please include further details)
-	Option 2: Other (please describe detailed proposal)
Issue 1-7: RLM OOS evaluation period:
Way forward: FFS For SSB-based OOS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Agreement: For SSB-based OOS in 5MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_out_SSB for CBW less then 5MHz
Way forward: For CSI-RS based OOS in 3MHz and 5MHz
-	Option 1: Legacy OOS evaluation period
-	Option 2: Extend the CSI-RS based RLM evaluation period TEvaluate_out_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other
Issue 1-8: PDCCH transmission parameters for out-of-sync evaluation:
Way forward: Agree on PDCCH transmission parameters for out-of-sync evaluation as in WF.
FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.
Issue 1-9: RLM IS evaluation period:
Way forward: FFS for SSB-based IS in 3MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_in_SSB for CBW less then 5MHz
Agreement: For SSB-based IS in 5MHz, RAN4 will keep the existing SSB based RLM evaluation periods TEvaluate_in_SSB for CBW less then 5MHz
Way forward: For CSI-RS based IS in 3MHz and 5MHz
-	Option 1: Legacy IS evaluation period
-	Option 2: Extend the CSI-RS based RLM evaluation period TEvaluate_in_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for OOS for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other
Issue 1-10: PDCCH transmission parameters for In-sync evaluation:
Way forward: Agree on PDCCH transmission parameters for in-sync evaluation as in WF.
FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.
Sub-topic 1-3 Link Recovery Procedures
During the online session is was agreed that the agreements made for RLM can be applied also for link recovery procedures.
Issue 1-11: The BW in Hypothetical PDCCH transmission parameters:
Agreement: For 3MHz case, and band n100 the BW is 12PRBs for SSB based Link recovery procedure. FFS for other bands with 3MHz CBW 
Agreement: For 5MHz case the BW is 24PRBs for SSB based Link Recovery Procedure
Issue 1-12: Beam Failure Detection evaluation period:
Way forward: FFS for SSB-based BFD in 3MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Agreement: For SSB-based BFD in 5MHz, RAN4 will keep the existing SSB based BFD evaluation periods TEvaluate_BFD_SSB for CBW less then 5MHz
Way forward: For CSI-RS based BFD in 3MHz and 5MHz
-	Option 1: Legacy BFD evaluation period
-	Option 2: Extend the CSI-RS based BFD evaluation period TEvaluate_BFD_CSI-RS for CBW less then 5MHz, where Mout = [30] (=1.5*20) for BFD for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other
Issue 1-13: PDCCH transmission parameters for beam failure instance:
Way forward: Agree on PDCCH transmission parameters for beam failure instance as in WF.
FFS: if same transmission parameters for 3MHz and 5MHz will be in same table or not.
Issue 1-14: Candidate beam detection evaluation period:
Way forward: FFS for SSB-based CBD in 3MHz, RAN4 will apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Agreement: For SSB-based CBD in 5MHz, RAN4 will apply the existing SSB based CBD evaluation period TEvaluate_CBD_SSB for CBW less then 5MHz.
Way forward: For CSI-RS based CBD in 3MHz and 5MHz
-	Option 1: Legacy CBD evaluation period
-	Option 2: Extend the CSI-RS based CBD evaluation period TEvaluate_CBD_CSI-RS for CBW less then 5MHz, where MBFD = [5] (= 1.5*3) for CSI-RS within the channel bandwidth below 24RB
-	Option 3: Other



Given that there is not many meetings left until the end of the WI core requirements, our preference is to prioritize to deprioritize the requirements for CSI-RS based requirements. 
Proposal 2: [bookmark: _Ref142648424]RAN4 can deprioritize the CSI-RS-based PDDCH transmission parameters requirements for RLM, BFD and CBD in this release.
For PDCCH parameters and evaluation period, we suggest conducting simulations to define the new parameters for PDCCH for 3MHz. 
Proposal 3: [bookmark: _Ref142648433]RAN4 shall agree on simulation assumption for PDCCH parameters and to define the PDCCH requirements for 3MHz based on the simulation performance.

2.3. Discussion on BW for PBCH in HO command and in MO
The open issues are captured below:
	Sub-topic 1-6 BW for PBCH in HO command
Issue 1-17: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
Way forward: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
-	Option 1: BW for PBCH (e.g., 12 PRBs) of target cell shall be provided to UE in HO command
-	Option 2: BW for PBCH (e.g., 12 PRBs) of target cell need not be provided to UE in HO command
-	Option 3: FFS



Given that the SSB index reading is impacted on whether the PBCH is 12 or 20 PRBs. It is beneficial to the UE to know whether the PBCH is 12 PRBs or 20 PRBs when performing HO. In a similar manner, the NW should also provide information to the UE in the measurement object (MO) to inform the UE whether the PBCH for measurements is 12 or 20 PRBs. 
Proposal 4: [bookmark: _Ref142648441]RAN4 shall ask RAN2 to add information on whether the PBCH is 12 or 20 PRBs in the handover command.
Proposal 5: [bookmark: _Ref142648453]RAN4 shall ask RAN2 to add information on whether the PBCH is 12 or 20 PRBs in the measurement object (MO).

3 Simulation performance
In this section, the simulation performance of the MIB detection is provided with two SSB BW of 20 PRB and 12 PRB. Also, two UE speeds are used, which is 3 km/h for TDL channels, while using 500 km/h for HST channel model with 1-tap. The MIB detection performance of one-shot detection is given in the form of detection rate, which is given in percentage. While the soft combining performance results are given in number of SSB samples needed to complete detection rates 99%, 95%, and 90%.

3.1. Simulation performance with one-shot detection
The simulation performance with 20 PRB for TDL-A, TDL-B and TDL-C channel models are given in Table 1. The performance is given in detection percentage rate with one-shot detection for MIB payload.
Table 1: MIB detection rate for 20 PRB BW in the percentage form
	
	MIB detection rate for 20 PRB BW in the % form 

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	99.2
	98.8
	98.4
	97.6
	95.6
	90.8
	86.8
	81.6
	73.6
	59.6
	44.8

	TDL-B
	100
	100
	99.6
	99.2
	99.2
	97.2
	94
	87.2
	81.6
	68.4
	54.8

	TDL-C
	100
	100
	99.6
	99.2
	98.4
	96.8
	93.2
	87.6
	76.8
	63.6
	48.8



The simulation performance with 12 PRB for TDL-A, TDL-B, TDL-C and 1-tap HST channel models are given in Table 2. The performance is given in detection percentage rate with one-shot detection for MIB payload.
Table 2: MIB detection rate for 12 PRB BW in the percentage form
	
	MIB detection rate for 12 PRB BW in the % form

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	96
	94
	92.4
	86
	79.6
	70.4
	60.4
	50
	40
	29.2
	19.2

	TDL-B
	98
	95.6
	93.6
	89.6
	82.4
	75.2
	61.2
	52
	39.2
	28.8
	18

	TDL-C
	97.6
	94.8
	90.8
	84.8
	78.8
	69.2
	58.4
	46.8
	34.8
	18.8
	12.4

	1-tap HST
	100
	100
	100
	99.2
	96.4
	94
	86.4
	68.8
	38.4
	17.2
	1.2



Proposal 6: [bookmark: _Ref135067343]One-shot detection is not sufficient to detect MIB with both 20 PRB and 12 PRB bandwidth, hence, RAN4 should allow additional samples for measurements and allow higher SINR threshold.

3.2. Simulation performance with soft combining
The simulation performance for MIB detection rates 99%, 95% and 90% using soft combining for up to 4 SSB samples are provided in the tables below. 
Performance results in tables 3 and 4 with target 99%:
Table 3: MIB detection rate for 20 PRB BW using soft combining given in number of needed SSB samples for target detection rate 99%
	
	Number of needed SSB samples for MIB detection with 20 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	1
	2
	2
	2
	3
	3
	3
	4
	NA
	NA
	NA

	TDL-B
	1
	1
	1
	1
	1
	2
	2
	3
	3
	4
	NA

	TDL-C
	1
	1
	1
	1
	2
	3
	3
	3
	4
	NA
	NA



Table 4: MIB detection rate for 12 PRB BW using soft combining given in number of needed SSB samples for target detection rate 99%
	
	Number of needed SSB samples for MIB detection with 12 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	2
	3
	3
	3
	4
	4
	NA
	NA
	NA
	NA
	NA

	TDL-B
	2
	2
	2
	2
	3
	4
	4
	NA
	NA
	NA
	NA

	TDL-C
	2
	3
	3
	4
	4
	NA
	NA
	NA
	NA
	NA
	NA

	1-tap HST
	1
	1
	1
	1
	2
	2
	2
	2
	3
	4
	NA



Performance results in tables 5 and 6 with target 95%:
Table 5: MIB detection rate for 20 PRB BW using soft combining given in number of needed SSB samples for target detection rate 95%
	
	Number of needed SSB samples for MIB detection with 20 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	1
	1
	1
	1
	1
	2
	2
	3
	3
	4
	NA

	TDL-B
	1
	1
	1
	1
	1
	1
	2
	2
	2
	3
	4

	TDL-C
	1
	1
	1
	1
	1
	1
	2
	2
	3
	3
	4



Table 6: MIB detection rate for 12 PRB BW using soft combining given in number of needed SSB samples for target detection rate 95%
	
	Number of needed SSB samples for MIB detection with 12 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	1
	2
	2
	2
	3
	4
	4
	NA
	NA
	NA
	NA

	TDL-B
	1
	1
	2
	2
	2
	2
	3
	4
	NA
	NA
	NA

	TDL-C
	1
	2
	2
	2
	3
	3
	4
	NA
	NA
	 NA
	NA 

	1-tap HST
	1
	1
	1
	1
	1
	2
	2
	2
	2
	3
	NA



Performance results in tables 7 and 8 with target 90%:
Table 7: MIB detection rate for 20 PRB BW using soft combining given in number of needed SSB samples for target detection rate 90%
	
	Number of needed SSB samples for MIB detection with 20 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	1
	1
	1
	1
	1
	1
	2
	2
	2
	3
	4

	TDL-B
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	3

	TDL-C
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2
	3



Table 8: MIB detection rate for 12 PRB BW using soft combining given in number of needed SSB samples for target detection rate 90%
	
	Number of needed SSB samples for MIB detection with 12 PRB BW

	SINR
	0
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8
	-9
	-10

	TDL-A
	1
	1
	1
	2
	2
	2
	3
	4
	4
	NA
	NA

	TDL-B
	1
	1
	1
	2
	2
	2
	3
	3
	4
	NA
	NA

	TDL-C
	1
	1
	1
	2
	2
	2
	3
	4
	NA
	 NA
	NA 

	1-tap HST
	1
	1
	1
	1
	1
	1
	2
	2
	2
	3
	NA



Proposal 7: [bookmark: _Ref135067356]The minimum SINR threshold to achieve 99% MIB detection rate with 12 PRB bandwidth is equal to -4 dB.
4 Summary
[bookmark: _Ref92572437]In this contribution, we have the following proposals: 
Proposal 1:RAN4 can deprioritize the CSI-RS-based L1 measurement requirements in this release.
Proposal 2:RAN4 can deprioritize the CSI-RS-based PDDCH transmission parameters requirements for RLM, BFD and CBD in this release.
Proposal 3:RAN4 shall agree on simulation assumption for PDCCH parameters and to define the PDCCH requirements for 3MHz based on the simulation performance.
Proposal 4:RAN4 shall ask RAN2 to add information on whether the PBCH is 12 or 20 PRBs in the handover command.
Proposal 5:RAN4 shall ask RAN2 to add information on whether the PBCH is 12 or 20 PRBs in the measurement object (MO).
Proposal 6: One-shot detection is not sufficient to detect MIB with both 20 PRB and 12 PRB bandwidth, hence, RAN4 should allow additional samples for measurements and allow higher SINR threshold.
Proposal 7: The minimum SINR threshold to achieve 99% MIB detection rate with 12 PRB bandwidth is equal to -4 dB.
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