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1 [bookmark: _Ref118271349]Introduction
The remaining open issues for the discussion of FR1 <5MHz are captured in the way forward (WF). In this document, we provide our views on the assistance information for PBCH is 12 or 20 PRBs remaining issues. In addition, the PBCH simulation performance is also provided in this technical contribution paper. 
2 Discussion 
2.1. Discussion on Applicability rules of RLM requirements
The open issue is captured from WF:
	Sub-topic 1-1 Applicability rules of RLM requirements
Way Forward: For the applicability rules of RLM requirements for different bands.
-	Further discuss the applicability rules of RLM requirements for different bands
· Option 1: For band n100, the PDCCH parameters with 12RB BW apply; for other bands, the PDCCH parameters with 15RB BW apply.
· Option 2: RAN4 to define SSB based RLM requirements for only 12 PRBs.



For UE-specific CORESETs, RAN1 has not made any enhancements. Therefore, legacy rules apply (e.g. PRB number is a multiple of 6; non-punctured; both inter-leaved and non-interleaved supported, etc). Therefore, RAN4 to define SSB based RLM requirements for only 12 PRBs.

Proposal 1: [bookmark: _Ref149917400]For the applicability rules of RLM requirements for different bands, RAN4 shall define SSB based RLM requirements for only 12 PRBs.

2.2. Discussion on the indication of PBCH BW
The SSB index reading is based on reading the DMRS in PBCH signals. For legacy NR requirements, the SSB is made of 20 PRBs, which is the case for all previous NR releases for different features. For < 5MHz UE operating with 3 MHz, the UE is required to measure a truncated SSB, which is made of 12 PRBs. Given that the SSB index reading is impacted on whether the PBCH is 12 or 20 PRBs, thus, it is essential to the UE to know whether the PBCH is 12 PRBs or 20 PRBs when performing measurements and handover. Based on the discussion from the last meeting, some companies highlighted that the UE could predict whether the PBCH is 12 PRBs or 20 PRBs using the sync raster information. Therefore, we provide discussion on whether it is sufficient to rely on the sync raster to provide the UE with information on whether the SSB is 12 or 20 PRBs. 
First, the sync raster location and formulas are provided in clause 5.4.3 in TS 38.104 with minimum frequency spacing between any two consecutive points of sync raster equal to 100 kHz, as provided in the tables below and sketched in the figure 1. 
	Table 5.4.3.1-1: GSCN parameters for the global frequency raster for above 3 MHz channel bandwidth
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000
	N * 1200 kHz + M * 50 kHz,
N = 1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	NOTE:	The default value for operating bands which only support SCS spaced channel raster(s) is M=3.



Table 5.4.3.1-2: GSCN parameters for the global frequency raster for 3 MHz channel bandwidth 
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 1000
	N * 600 kHz + M * 50 kHz + 300 kHz,
N = 1:1665, M ϵ {1,3,5} (Note 1)
	26638 + 3N + (M-3)/2
	26640 – 31634

	NOTE 1:	Only applicable for 15 PRB DCH transmission within 3 MHz channel bandwidth with punctured PBCH defined in TS 38.211 [9] clause 7.4.3.1.






[image: ]
Figure 1: Legacy (20 PRBs) for above 3 MHz vs new sync raster (12 RBs punctured SSB) for 3 MHz.

Observation 1: The frequency spacing between two consecutive points of sync raster is equal to 100 kHz. 

On the other hand, the measurement object indicates the SSB frequency, as in TS 38.331 shown below, which indicated by ‘ARFCN-ValueNR’.
	MeasObjectNR ::=                    SEQUENCE {
[bookmark: _Hlk146299995]    ssbFrequency                       ARFCN-ValueNR                           OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing             SubcarrierSpacing                      OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                  OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                 OPTIONAL,   -- Cond IntraFreqConnected


 
The ARFCN-ValueNR is defined in TS 38.101-1 in clause 5.4.2.1, as provided below:
	[bookmark: _Toc21344210][bookmark: _Toc29801694][bookmark: _Toc29802118][bookmark: _Toc29802743][bookmark: _Toc36107485][bookmark: _Toc37251244][bookmark: _Toc45888033][bookmark: _Toc45888632][bookmark: _Toc61367272][bookmark: _Toc61372655][bookmark: _Toc68230595][bookmark: _Toc69084008][bookmark: _Toc75467015][bookmark: _Toc76509037][bookmark: _Toc76718027][bookmark: _Toc83580337][bookmark: _Toc84404846][bookmark: _Toc84413455]5.4.2.1	NR-ARFCN and channel raster
The global frequency channel raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.
The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.
RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range (0…2016666) on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666



The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.


 
From above description, the granularity of the global frequency raster is ΔFGlobal is equal to 5 kHz, which is much smaller than the granularity of the sync raster, which is equal to 100 kHz. This means that the NW can configure the UE with SSB on different centre frequency than that used in sync raster. Therefore, the UE cannot predict whether this SSB configured in the measurement object (MO) is 12 PRBs or 20 PRBs. Also, from the WID [2], the bands allowing <5MHz BW are n100, n106, n26, n28 and n85, which also allow other channel BWs. UE cannot determine the SSB BW by simply checking the band index. 

Observation 2: the granularity of the global frequency raster is ΔFGlobal is equal to 5 kHz, which is much smaller than the granularity of the sync raster, which is equal to 100 kHz. 
Observation 3: the bands allowing <5MHz channel BW also supports other channel BW, UE cannot determine the SSB BW by simply checking the band index.

Furthermore, for handover unknown cell the UE cannot predict whether this SSB is punctured or not because the cell was not measured and the SSB in that cell was not indicated by the MO. 

Observation 4: for handover unknown cell the UE cannot predict whether this SSB is punctured or not because the cell was not measured and the SSB in that cell was not indicated by the MO. 

Therefore, RAN4 shall ask RAN2 to add the information of whether the SSB is 12 PRBs or 20 PRBs in the MO and HO command. 

Proposal 2: [bookmark: _Ref142648441]RAN4 shall ask RAN2 to add the information of whether the SSB is 12 or 20 PRBs in the measurement object (MO).
Proposal 3: [bookmark: _Ref142648453]RAN4 shall ask RAN2 to add the information of whether the SSB is 12 or 20 PRBs in the handover command (HO).
Proposal 4: [bookmark: _Ref146301711]RAN4 shall send the following LS as shown in this document: 
	2. Overall Description:
Based on discussions in RAN4#108-bis on the WI of FR1 less than 5MHz, RAN4 has reached consensus to assist UE to differentiate whether the SSB is 12 PRBs or 20 PRBs during the measurements and/or handover. Therefore, RAN4 would like to ask RAN2 to update the measurement object (MO) and handover (HO) command to include whether the SSB is 12 PRBs or 20 PRBs. 

3. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and add the indication on whether the SSB is 12 PRBs or 20 PRBs in the measurement object (MO) and handover (HO) command. 



3 Simulation performance with one-shot detection
In this section, the simulation performance of the MIB detection is provided with SSB BW of 12 PRB. The MIB detection performance of one-shot detection is given in the form of number of samples needed to achieve 99%. The simulation performance with 12 PRB for TDL-C channel model is given in Table 1. The performance is given in detection percentage rate with one-shot detection for MIB payload.


Table 1: Number of attempts to achieve MIB detection rate 99% for 12 PRB BW 
	 TDL-C 

	SINR
	-3
	-4
	-5
	-6

	# of attempts
	8
	10
	11
	12



Proposal 5: [bookmark: _Ref135067343]For PBCH decoding using one-shot detection, 12 samples are needed to achieve 99% detection rate with SINR threshold equal to -6 dB, while 10 samples are sufficient to achieve 99% success rate with SINR threshold equal to -4 dB.
4 Summary
[bookmark: _Ref92572437]In this contribution, we have the following proposals: 
Observation 1: The frequency spacing between two consecutive points of sync raster is equal to 100 kHz. 
Observation 2: the granularity of the global frequency raster is ΔFGlobal is equal to 5 kHz, which is much smaller than the granularity of the sync raster, which is equal to 100 kHz. 
Observation 3: the bands allowing <5MHz channel BW also supports other channel BW, UE cannot determine the SSB BW by simply checking the band index.
Observation 4: for handover unknown cell the UE cannot predict whether this SSB is punctured or not because the cell was not measured and the SSB in that cell was not indicated by the MO. 
Proposal 1: For the applicability rules of RLM requirements for different bands, RAN4 shall define SSB based RLM requirements for only 12 PRBs.
Proposal 2: RAN4 shall ask RAN2 to add the information of whether the SSB is 12 or 20 PRBs in the measurement object (MO).
Proposal 3: RAN4 shall ask RAN2 to add the information of whether the SSB is 12 or 20 PRBs in the handover command (HO).
Proposal 4: RAN4 shall send the following LS as shown in this document:
	2. Overall Description:
Based on discussions in RAN4#108-bis on the WI of FR1 less than 5MHz, RAN4 has reached consensus that for the UE to differentiate whether the SSB is 12 PRBs or 20 PRBs during the measurements and/or handover. Therefore, RAN4 would like to ask RAN2 to update the measurement object (MO) and handover (HO) command to include whether the SSB is 12 PRBs or 20 PRBs. 
3. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account and add the indication on whether the SSB is 12 PRBs or 20 PRBs in the measurement object (MO) and handover (HO) command. 


Proposal 5: For PBCH decoding using one-shot detection, 12 samples are needed to achieve 99% detection rate with SINR threshold equal to -6 dB, while 10 samples are sufficient to achieve 99% success rate with SINR threshold equal to -4 dB.
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