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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. In this contribution we discuss about remaining details on NR-PBCH.
RAN1-AH#3 made the following agreements:
	Agreements:
· The following working assumption is confirmed:
Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
Agreements:
· UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied

R1-1716837	Summary on 6.1.2.1 Remaining details on NR-PBCH		Ericsson	
Proposals:
· For 5 ms SS/PBCH block periodicity
· The half-frame is indicated by an explicit bit in the NR-PBCH payload
·  For 10 ms and higher SS/PBCH block periodicity
· The SS/PBCH blocks are transmitted in the first half-frame of a frame 
· FFS: Use of half-frame bit in PBCH
Continue discussion next meeting

Agreements:
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled
· Partition the generated sequence into 4 non-overlapping portions
· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence
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Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:
· Gold sequence generation for PBCH 1st and 2nd scrambling is identical to LTE PN sequence generation.
· Note that RAN1 may revisit the PN generator for PBCH scrambling if NR supports different PN generator for other usages.

Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw





In this contribution we discuss about remaining details on NR-PBCH:
· Half-frame indication
· 2nd scrambling sequence
· Power offset between SSS and PBCH DMRS
· NR-PBCH content
· 
2	Discussion
2.1	Half-frame indication
Following conclusions were made in RAN1-AH#3:
R1-1716837	Summary on 6.1.2.1 Remaining details on NR-PBCH		Ericsson	
Proposals:
· For 5 ms SS/PBCH block periodicity
· The half-frame is indicated by an explicit bit in the NR-PBCH payload
·  For 10 ms and higher SS/PBCH block periodicity
· The SS/PBCH blocks are transmitted in the first half-frame of a frame 
· FFS: Use of half-frame bit in PBCH
Continue discussion next meeting
Argument not to have half frame indication explicitly in NR-PBCH payload is to avoid need for NR-PBCH decoding (>6GHz bands) to determine neighbor cell timing. When network is synchronized the UE can be provided with assistance information to obtain timing of the neighbor cell without PBCH reading, and thus reduce need for PBCH reading in general (agreement in RAN1-NR-AH#2 Qingdao). That is seen as a typical case for above 6 GHz because of use of synchronized TDD. While it is not precluded that FDD bands would not be synchronous, they do not exhibit same requirement for synchronization in general. Majority of the FDD bands reside below 3GHz (apart e.g. Band 22). It’s to be noted that assistance information cannot be provided or is not transmitted in all cases,  UE would needs to read PBCH to get the cell timing. This could be considered to be more common case for below 3 GHz deployments. Hence, if there is a strong need to limit the UE need to read NR-PBCH, while it may not be always completely avoided, the need to do it could be alleviated by considering below 3GHz bands separately. Then possible way forward could be considered by taking into account agreement from RAN1#89:
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64

and agreement from RAN1#90:

Agreements: 
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID

The outcome of these agreements is that for below 3 GHz where L=4, one remaining bit out of 3 LSBs of SS block index is left unused. As discussed above, need to read PBCH could be alleviated by having a mechanism to avoid PBCH reading for below 3 GHz (e.g. in asynchronous FDD deployments) where assistance information cannot be used to avoid the need for PBCH reading. Thus, one approach could be to signal half frame indication using the unused indication in PBCH DMRS at carrier frequency ranges where maximum number of SS blocks, L, is limited to 4 and in addition include the indication in PBCH payload. In case of L=4, the PBCH DMRS detection performance would be same as with L=8 even if HF indication is signaled as part of DMRS sequence initialization. 

Proposal: Select between the following two options for half frame indication:
· Option 1: At carrier frequency ranges where max L equals to 4, half frame indication is signaled as part of PBCH DMRS (using reserved bit in sequence initialization) and explicitly in PBCH payload
· Option 2: Half frame indication explicitly in PBCH payload

2.2	2nd scrambling for PBCH
Regarding 2nd scrambling for PBCH the following agreement was made:

Agreements:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alternatives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index

We acknowledge that Alt 2 can improve detection performance when UE is able to combine SS blocks of the same SS block burst (i.e. within group of 8 consecutive SS blocks) by randomizing interference from neighbor cell SS block transmissions. However, a worst case, i.e. one-shot detection, performance is not improved at all and performance of combining SS blocks that are transmitted to different direction would, if received so that combining is possible, would exceed the performance on one-shot detection. Thus, we don’t see a great benefit from Alt 2 over Alt 1 in terms of system design.
Proposal: Adopt Alt1: 2nd scrambling initialization is based on cell ID only.

2.3	Power offset between SSS and PBCH DMRS
Two alternatives for down-selection was agreed for the power offset between SSS and PBCH DMRS:

Agreements:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw

Determining the power offset in specification is needed for UE to calculate L1-RSRP from SS block properly (without bias due to unknown power offset between SSS and DMRS). While network would in principle know the possible offset in the EPRE, and operate with any assumption, to ensure consistent UE behavior in reporting, some assumption would need to be agreed. As discussed in past meetings, the performance aspect could be used to determine the offset. Applying 3 dB power offset on SSS would improve the cell search performance. In addition, it makes sense to avoid conditions where NR-PBCH would be decodable but NR-PSS+NR-SSS not, accounting that NR-PBCH could be combined within PBCH TTI. Thus, boosting SSS (and PSS) compared to PBCH DMRS would be beneficial, and allow better benefit from the improvement to NR-PBCH detection performance through soft combining. In appendix A we provide one-shot detection performance for both PSS+SSS and PBCH and observe that boosting NR-SSS (and NR-PSS) would be beneficial.  
On the other hand when operating using digital beamforming architecture at gNB there will be other downlink signals FDMed with NR-SSS. Assuming that the SS block design is kept unchanged, the would still be possibility to use the power from the RE’s that fall between PBCH symbols in SSB. In case of wider system bandwidths power could be also ‘borrowed’ from other RE’s. At the higher carrier frequencies when more typically analog beamforming architectures are used there are less possibilities to transmit simultaneously some other downlink signal simultaneously. In that case, gNB could use all the TX power on SSS and thus 3 dB power offset could be applied compared to PBCH DMRS. As a summary, we slightly prefer defining 3 dB offset for both below 6 and above 6 GHz.
Proposal: UE may assume 3 dB offset between SSS and PBCH DMRS.

2.4	NR-PBCH content
In addition to the afore discussed content, also the CORESET parameters for (at least) RMSI scheduling would need to be included. Details of this information are discussed in [2]. 
RAN2 has also agreed that UEs would need to be able to determine if a cell can be camped or not is campable or not. It is felt that, like proposed in [2], the indication that no RMSI is present could be used determine this. If further granularity would be needed (e.g. cellBarred and intraFreqReselection, that could be provided in RMSI. 
In RAN1#90 meeting RAN1, in context of CORESET configuration, made a working assumption that for slot based scheduling that the first DMRS position either on 3rd symbol or 4th symbol is configured in [PBCH]. This would require one bit. 
Based on discussion in above section and RAN1 agreements, we summarize our view on the NR-PBCH content in Table 5.
[bookmark: _Ref492547105]Table 1 NR-PBCH content
	[bookmark: _Hlk494463780]Parameter
	Number of bits
	Notes

	SFN
	10
	

	Half-frame timing
	1
	

	SS block location index
	3
	3 MSBs of SS block location index

	Configuration of CORESET for RMSI scheduling including time and frequency resources, periodicity, indication about whether there is RMSI or not [2]
	5
	

	Periodicity of RMSI search space for RMSI scheduling
	2
	E.g. 80, 160, 320, 640 ms

	Offset between SS block frequency domain location and PRB grid in RE level
	4
	

	DL numerology to be used for RMSI, Msg.2/4 for initial access and broadcasted OSI
	2
	

	Indication of the DMRS position
	1
	

	Spare
	4
	

	CRC
	24
	

	Together
	56
	



3	Conclusions
In this contribution we discussed about remaining details for NR-PBCH and made the following observations and proposals:
Proposal: Select between the following two options for half frame indication:
· Option 1: At carrier frequency ranges where max L equals to 4, half frame indication is signalled as part of PBCH DMRS (using reserved bit in sequence initialization) and otherwise explicitly in PBCH payload
· Option 2: Half frame indication explicitly in PBCH payload

Proposal: Adopt Alt1: 2nd scrambling initialization is based on cell ID only.
Proposal: UE may assume 3 dB offset between SSS and PBCH DMRS.
The following table summarizes our view on NR-PBCH payload:
	Parameter
	Number of bits
	Notes

	SFN
	10
	

	Half-frame timing
	1
	

	SS block location index
	3
	3 MSBs of SS block location index

	Configuration of CORESET for RMSI scheduling including time and frequency resources, periodicity, indication about whether there is RMSI or not [2]
	5
	

	Periodicity of RMSI search space for RMSI scheduling
	2
	E.g. 80, 160, 320, 640 ms

	Offset between SS block frequency domain location and PRB grid in RE level
	4
	

	DL numerology to be used for RMSI, Msg.2/4 for initial access and broadcasted OSI
	2
	

	Indication of the DMRS position
	1
	

	Spare
	4
	

	CRC
	24
	

	Together
	56
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Appendix A
Here we provide simulation results for PSS, joint PSS+SSS and NR-PBCH detection performance below 6 GHz. Simulation parameters are provided in Table 2. It can be observed that one shot joint PSS+SSS detection rate is around 0.8 at -6 dB SNR whereas one-shot PBCH BLER is 0.94 at -6 dB SNR. 
	[image: ]
Figure 1 NR-PSS and NR-PSS+SSS joint detection performance.
	[image: ]
Figure 2 NR-PBCH one-shot detection performance. 




[bookmark: _Ref494727306]Table 2 Simulation parameters
	Parameter
	NR-PSS / NR-PSS+NR-SSS
	NR-PBCH

	SCS [kHz]
	15
	15

	Carrier frequency [GHz]
	4
	4

	Channel model
	CDL-C 100 ns
	TDL-1000 ns

	UE speed [km/h]
	30
	120

	CFO [Hz]
	7500
	600

	Payload (incl. CRC)
	N/A
	56 bits

	DMRS overhead
	N/A
	3/12

	Channel coding
	N/A
	Polar

	CRC
	N/A
	16 bits

	Num of RX antennas
	2
	2

	PSS receiver algorithm
	Single-shot time-domain correlator with thresholding
	N/A

	SSS receiver algorithm
	Single-shot non-coherent exhaustive search with thresholding
	N/A

	False alarm probability
	< 1 %
	N/A

	PBCH channel estimation
	N/A
	MMSE

	PBCH Receiver algorithm
	N/A
	2 RX MRC
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