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During RAN Rel-18 workshop, several market requests from vertical industry with the operating bandwidth less than 5 MHz were raised, such as Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. In these above deployment scenarios, the available bandwidth for NR operation is 2.8~3.6 MHz for FRMCS or 3MHz for smart grids and PPDR. In order to adapt the existing SS/PBCH block for the available spectrum less than 5 MHz and meanwhile to minimize the performance loss, it is essential to reconsider the existing channel raster, sync raster and PBCH design. The contribution give the analysis of the PBCH performance loss with puncturing scheme and several potential schemes are elaborated to reduce the performance loss to ensure the practical coverage.
Preliminary simulation results and analysis
PBCH performance degradation with puncturing
Based on the previous discussion in RAN Rel-18 workshop, only 15 kHz SCS is supported for bandwidth less than 5MHz. Since the available spectrum for these vertical industry might be less than 3.6MHz which is the bandwidth of the existing SSB with 15kHz SCS, then PBCH would need to be punctured to fit into the available narrow bandwidth. As shown in the following Figure 1, for 3MHz CBW, to follow transmission bandwidth configuration of LTE 3MHz, then 5 PRBs of the existing PBCH would be punctured; for 2.8MHz CBW, to follow LTE spectral utilization ratio 90%, then 6 PRBs of the existing PBCH would be punctured; for 3.6MHz CBW, similar as 2.8MHz CBW, 2 PRBs of the existing PBCH would be punctured. 
In order to evaluate the performance loss due to PBCH with puncturing, the link level simulation results are provided in Table 1 and simulation assumptions are listed in Annex.


Figure 1: Working assumption of transmission bandwidth configuration for the NR narrow bandwidth
Simulation Assumption
The existing sync raster mapping principle in RAN4 might not adapt well to available spectrum as indicated for FRMCS in Europe, smart grid in USA, PPDR in Europe. To be more specific, sync raster of SSB might be not falling close to the center of those dedicated spectrum from vertical industry. In other words, more PRBs would need to be punctured resulting in higher performance loss if to follow the existing RAN4 sync raster mapping principle, therefore in order to ensure the minimum performance loss of PBCH channel, we assumed the following PBCH puncturing scheme within SSB as shown in Figure 2 where spectral utilization as mentioned before has already been considered  and sync raster of SSB is placed as close as possible to frequency center of dedicated spectrum. For exceptional case 3MHz, considering PRB grid alignment between PBCH and PDSCH, PBCH/PSS/SSS channel is not placed at the frequency center of carrier. 
Based on the above considerations, the following PBCH cases are evaluated to check the performance degradation due to the dedicated narrow spectrum and detailed simulation assumptions are listed in Table A-1 of the Annex.
· Case 1 (baseline): PBCH without puncturing
· Case 2: PBCH with 6RBs puncturing
· Case 3: PBCH with 5RBs puncturing
· Case 4: PBCH with 2RBs puncturing


Figure 2: Simulation cases for PBCH performance degradation
Simulation Results
Different simulation cases have been evaluated, and the simulation results of PBCH performance degradation relative to PBCH without puncturing are showed in Table 1.
Table 1: Simulation results for PBCH performance degradation
	Cases
	Case1(baseline)
	Case2(6RBs)
	Case3(5RBs)
	Case4(2RBs)

	Performance loss compared with baseline
	0dB
	-3.14dB
	-2.57dB
	-0.84dB


Based on the above analysis, the following observations could be made:
Observation 1:Based on the assumption of updated sync raster/channel raster in RAN4 and spectral utilization ratio 90%, the performance loss of the PBCH with puncturing will be 0.84 ~ 3.14 dB.
Potential schemes for minimizing PBCH performance degradation
According to the above simulation results, the PBCH with puncturing would experience some performance degradation, especially for the smaller bandwidth (e.g. 2.8MHz if 14 GSM carriers are to be preserved in FRMCS in Europe) that needs to be supported. In order to avoid coverage problems caused by PBCH performance degradation, the enhanced schemes needs to be investigated accordingly. 
Potential scheme 1: Power boosting
The most straight forward method might be power boosting from base station perspective, power boosting can make up for the performance loss of PBCH with puncturing and has the minimum spec impact. However, the base station needs to transmit with relative higher transmission power, which would affect the energy saving of the base station and out of band emission, MPE at the end , all potential impacts mentioned above should be also taken into account.
Potential scheme 2: antenna gain
More antenna elements equipped at UE/terminal side can improve the link budget for PBCH, thus this approach could compensate the performance loss of PBCH with puncturing. However, the method also has several disadvantages. More antenna elements mean that the manufacturer need to increase additional equipment costs. In addition, the narrow beamwidth from UE/terminal side would result in Rx beam sweeping in some cases, therefore it will also increase the latency of initial access. 
Potential scheme 3: Shorter SSB periodicity
By supporting the shorter SSB periodicity, the number of the available SSB to be coherently combined is increased and the relative greater combination gain could be achieved. However, this means that the base station needs to send SS/PBCH block more frequently, which will affect the energy saving of the base station and UE/terminal power assumption as well. 
Potential scheme 4: PBCH remapping
The punctured PBCH RB could be remapped to other time domain symbols in the narrow bandwidth, so that the UE can receive all PBCH RBs. The PBCH performance could be ensured without performance loss, meanwhile the existing sync raster could be reused without changing RAN4 specification.
Proposal 1: To further discuss the potential schemes to minimize the PBCH performance degradation due to puncturing.
Conclusion
In this contribution, we shared the analysis of the PBCH performance loss with puncturing scheme and investigated several potential schemes to reduce the performance loss of PBCH channel and observations and proposals are made as following:
Observation 1:Based on the assumption of updated sync raster/channel raster in RAN4 and spectral utilization ratio 90%, the performance loss of the PBCH with puncturing will be 0.84 ~ 3.14 dB.
Proposal 1: To further discuss the potential schemes to minimize the PBCH performance degradation due to puncturing.
1 Annex
Table A-1 Simulation assumptions 
	Parameter
	Value

	Carrier Frequency
	900MHz

	UE speed
	3 km/h

	System bandwidth
	3.6MHz

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx

	Subcarrier spacing
	15kHz

	PBCH payload (excluding 24bits CRC)
	32 bits

	Number of symbols for CORESET
	2

	Modulation
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	Channel model
	TDL-C (delay spread: 300ns)

	Channel estimation
	Practical

	Receiver type
	MMSE

	 Target BLER
	1%

	Number of interfering TRPs 
	0 TRP

	Combined number
	4 SSBs
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Figure A: SNR for different cases
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