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1 [bookmark: _Ref4817]Introduction
In LS from RAN4 (R1-2302269/ R4-2303646) on NR support for dedicated spectrum less than 5 MHz for FR1, RAN4 questioned about the number of RBs of PBCH in SSB as well as how PBCH within SSB would be punctured in 3 MHz channel bandwidth. 
	For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.



Meanwhile, the issue of PBCH transmission bandwidth was also discussed in RAN#99 meeting and the following conclusion was reached [1]. More specifically, the transmission bandwidth of PBCH for 3 MHz channel bandwidth in n100 is 12 PRBs. It is still to be decided for other bands with 3 MHz channel bandwidth. 
	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):
· [bookmark: OLE_LINK2]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.



In this contribution, we provide our views on the remaining cases of the number of RBs and the available PRBs for PBCH transmission in other bands in 3 MHz channel bandwidth. Correspondingly, the draft reply LS is provided in our contribution [2]. 
2 Discussion 
2.1 Number of RBs for PBCH
[bookmark: OLE_LINK3]Based on RAN4 LS in R1-2302269/ R4-2303646, RAN4 has reached an agreement that the maximum transmission bandwidth is 15 PRBs for 3 MHz channel bandwidth. And according to the conclusion made in RAN#99 meeting, RAN1 is requested to consider whether PBCH transmission bandwidth with 12 PRBs for n100 also applies for other bands with 3 MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands. The reason to adopt 12 PRBs for PBCH transmission is mainly due to the limited available number of PRBs from the operator for FRMCS use cases in band100. For other bands, we notice that 15 PRBs are available according to the request of operators summarized as follows. 
· Band 26 and Band 8 in the USA using 3 MHz wide channels have set a precedent of existing networks requiring a growth path to NR [3]. 
· For Public Protection and Disaster Relief (PPDR), 2 x 3 MHz FDD in band 28 has been identified in Europe [3]. 
· [bookmark: OLE_LINK4]The new frequency allocation in Japan leads to demand of 3MHz bandwidth in band 28, according to the request from operators [4]
· Some operators in China may have 3MHz channel bandwidth with 15 PRBs available in band 8 [5]. 
Observation 1: For bands other than n100, there is clear request from operators to support 3MHz channel bandwidth with 15 PRBs available for transmission of physical channels. 
In addition, the PBCH performance is also an important factor to determine whether 12 PRBs or 15 PRBs applies for other bands with 3 MHz channel bandwidth. In this contribution, the following cases are evaluated. The detailed simulation assumptions can be found in Appendix.
· Case 1: Legacy behavior: PBCH transmission bandwidth is 20 PRBs as defined in legacy NR (as baseline)
· [bookmark: OLE_LINK1]Case 2: PBCH transmission bandwidth is 15 PRBs, that is, the 20 PRBs PBCH is punctured to 15 PRBs for transmitting.
· Case 3: PBCH transmission bandwidth is 12 PRBs, that is, the 20 PRBs PBCH is punctured to 12 PRBs for transmitting. 
Figure 1 shows the BLER performance of PBCH different transmission bandwidths. The results for different cases are summarized in Table 1. 
[image: ]
Figure 1: PBCH decoding performance 
Table 1: PBCH decoding performance for different cases
	Cases
	SNR for 1% BLER [dB]
	SNR loss[dB] compared to Case 1

	Case1 (Baseline)
	0.4 dB
	-

	Case2 (15 PRBs)
	3.1 dB
	2.7 dB

	Case3 (12 PRBs)
	5.8 dB
	5.4 dB



[bookmark: _GoBack]From Table 1, it is observed that for BW of 3MHz, to achieve 1% BLER, compared to the legacy 20 PRBs PBCH transmission without puncturing, PBCH transmission with to 15 PRBs and 12 PRBs result in 2.7 dB and 5.4 dB loss, respectively. 
[bookmark: OLE_LINK6]Observation 2: PBCH transmission with 15 PRBs transmission bandwidth has performance gain of 2.7 dB compared with that with 12 PRBs transmission bandwidth. 
With above we suggest to apply 15 PRBs transmission bandwidth for other bands in 3 MHz channel bandwidth.
Proposal 1: For frequency bands with 3 MHz channel bandwidth other than band n100, the PBCH transmission bandwidth is 15 PRBs.
2.2 Transmission pattern of PBCH 
As for the question of how PBCH within SSB will be punctured, it means that RAN4 would like to know what PRBs set of legacy 20 PRBs PBCH would be available for PBCH transmission (call it as PBCH transmission pattern). 
Regarding band n100, since the PBCH transmission bandwidth is 12PRBs, which is same with the number of PSS and SSS. According to the description in the WID, PSS/SSS specification without puncturing should be reused. Thus, it can be concluded that the transmission pattern aligning the position of PSS/SSS.
If 15 PRBs PBCH transmission bandwidth is applied for other bands, there would be four different puncturing patterns as shown in Figure 2.
[image: ]
Figure 2: Transmission patterns for 15 PRBs PBCH
As agreed in RAN1#111, RAN1 assumes that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected. If more than one transmission patterns are defined as shown in figure 2, there would be an uncertainty of UE reception, which contradicts with the previous RAN1 assumption. One possible way to solve this problem is to use independent sync raster or other mechanisms to distinguish different puncturing patterns. However, it will bring great challenges to sync raster design and requires additional specification efforts. 
Observation 3: Defining different transmission patterns causes multiple hypotheses about the available PRBs for UE reception, which requires additional specification efforts to address the issue. 
It expects that the BLER performance for different transmission patterns is similar. So, we suggest only one transmission pattern is defined for 15PRBs PBCH transmission bandwidth to simplify the design of sync raster and reduce the uncertainty of UE reception.
Proposal 2: Only one transmission pattern be defined for 15PRBs PBCH transmission bandwidth.
3 Conclusion
Based on the discussion, we have the following observations and proposals.
Observation 1: For bands other than n100, there is clear request from operators to support 3MHz channel bandwidth with 15 PRBs available for transmission of physical channels. 
Observation 2: PBCH transmission with 15 PRBs transmission bandwidth has performance gain of 2.7 dB compared with that with 12 PRBs transmission bandwidth. 
Proposal 1: For frequency bands with 3 MHz channel bandwidth other than band n100, the PBCH transmission bandwidth is 15 PRBs.
Observation 3: Defining different transmission patterns causes multiple hypotheses about the available PRBs for UE reception, which requires additional specification efforts to address the issue. 
Proposal 2: Only one transmission pattern be defined for 15PRBs PBCH transmission bandwidth.
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Appendix
Simulation parameters：
	Parameter
	Value

	Carrier Frequency
	900MHz

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx

	Subcarrier spacing
	15kHz

	PBCH payload (excluding 24bits CRC)
	32 bits

	Modulation
	QPSK

	Channel coding
	Polar code 

	Channel model
	TDL-C 

	delay spread
	300ns

	Combined number
	1 SSB
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