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1. Background
In previous meetings, RAN1 has been discussing necessary change in physical layer design specifically, for PBCH, CSI-RS and CORESET0 transmissions. Since necessary change depends on transmission bandwidth assumption, LS was sent to ask for RAN plenary guidance about appropriate transmission bandwidth to specify. 
RAN plenary sent back the LS with the following response in [1]: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.




 Based on the guidance from RAN plenary, at least 12 PRB transmission of PBCH was agreed for n100. However, transmission bandwidth assumptions for other bands are not clear and decision is necessary.
 In RAN4#106bis-e meeting, Evaluation parameters for performance evaluation was discussed. RAN4 agreed that PBCH transmission bandwidths are 12 PRB and 15 PRB (optional). However, they think the assumption parameter should be narrowed down to one parameter in future meeting to minimize evaluation effort.
 In this contribution, our view for the PBCH transmission bandwidth for less than 5MHz is provided.
2. Discussion
Discussion status in RAN4 related with PBCH transmission bandwidth
Agreement:
· Evaluation of the proposals will be made based on the following metrics to select one option or have both options for different SSB transmission bandwidths in different bands. 
· Minimize number of sync-raster points to cover all possible channel raster points.
· Maximize distance between legacy sync-raster points and new sync-raster points.
· The target of new sync raster design is for UE to differentiate the new sync raster from the legacy sync-raster
· Better facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth.
· Better aligned with PBCH design in RAN1

For RRM evaluation assumption [2], as the number of PRBs for PBCH, it was agreed as
· Baseline: 12 PRBs for 3MHz CBW
· Optional: 15 PRBs for 3MHz CBW

Based on the agreements in RAN4 above, RAN1 needs to discuss further about PBCH design and appropriate PBCH transmission bandwidth other than n100.

Discussion on PBCH transmission bandwidth
In RAN1#112 meeting, evaluation results of PBCH reception loss with multiple number of PRBs were submitted from multiple companies. According to the feature lead summary [3], PBCH performance loss with 15 PRB transmission is ranging from 1.6 dB to 3.6 dB (10 sources), and the one with 12 PRB transmission is ranging from 1.75 dB to 5.4 dB (3 sources). Based on that, RAN1 has made working assumption that PBCH RB-level puncturing is the only necessary optimization for the PBCH transmission with < 5MHz bandwidth.
To minimize the evaluation effort in RAN4, it is desirable that RAN1 discuss about applicability of the 12 PRB PBCH transmission, as the baseline. According to the evaluation result of 12 PRB transmission, it leads to additional performance loss of 1.4-3.1 dB, compared with 15 PRB transmission [3]. However, according to the discussion in previous meeting, majority companies’ understanding is that such increased loss can be still recovered by e.g., power boosting realized by gNB’s implementation. 

Observation
DL reception performance degradation due to puncturing can be compensated by power boosting, which can be performed based on implementation specific way.

Proposal
For 3MHz channel bandwidth, PBCH transmission with 12 PRB can be assumed as working assumption not only for n100 but for other bands.


3. Conclusion
In our contribution, our view on PBCH transmission bandwidth was provided.
Observation
DL reception performance degradation due to puncturing can be compensated by power boosting, which can be performed based on implementation specific way.
Proposal
For 3MHz channel bandwidth, PBCH transmission with 12 PRB can be assumed as working assumption not only for n100 but for other bands.

References
[1] RP-230780, Response to LS from RAN1 on transmission bandwidths for NR on dedicated spectrum less than 5 MHz
[2] R4-2306400, WF on simulation assumptions for NR_FR1_lessthan_5MHz_BW
[3] R1-2301975, Summary of discussion on enhancements to operate NR on dedicated spectrum less than 5MHz

Appendix
Evaluation parameters table agreed in [R4-2306400]
	Parameter
	Unit
	Value

	Number of PRBs for PBCH
	
	Baseline: 12 PRBs for 3MHz CBW
Optional: 15 PRBs for 3MHz CBW

	Carrier frequency 
	GHz
	900MHz

	Subcarrier spacing
	kHz
	15 kHz

	Number of Tx antennas
	-
	Baseline: 1
Optional: 2

	Number of Rx antennas
	-
	2 

	DMRS
	- 
	3GPP NR PBCH DMRS

	Other assumptions
	
	Tx BW and SSB puncturing are known at the Rx side 

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	PBCH symbols within the SS block
	 
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	Baseline 0 

	PBCH power offset with respect to PBCH-DMRS
	dB
	0 

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	0 

	PSS and SSS sequences
	-
	No changes expected 

	PBCH-DMRS sequences
	-
	No changes expected

	PBCH-DMRS RE positions within the PBCH resource
	-
	No changes expected except for puncturing impact

	PBCH Channel coding
	 
	No changes expected to actual Channel coding
(Polar code with 512 length and 24bit CRC)

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (CRC 24bit)

	PBCH SNR
	dB
	-10 : 0 dB, with 1 dB spacing

	Propagation Condition / Channel models
	-
	For 3 km/h UE speed
· AWGN
· TDL-A 30ns
· TDL-B 100ns
· TDL-C 300ns

For 500km/h UE speed
· Single tap model

Additional scenarios can be considered in future meetings

	UE speed
	 
	3 km/h, 500 km/h

	Detection Method
	 
	Baseline: One shot detection (i.e. no combination for different PBCHs)

Optional: 
· Non coherent combining for SSB index reading 
· Soft combining for MIB reading

FFS which method(s) will be used to define the requirement(s)

	Metrics
	
	See below

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned. 
 




Agreements on Metric:
Use at least following metric:
· Option 1: SSB index reading delay
The number of SS-blocks required for 99% to successfully decode the PBCH SSB Index
· Option 2: MIB reading delay
The number of MIB readings required for 99% to successfully decode the MIB
· Option 3: Other metrics not precluded
Companies can provide both metrics using other target error rate than 99%, For example 90% or 95%. Companies shall include the target error rate metric with the simulation results.

