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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#90bis made the following agreements and working assumptions:
	[bookmark: _Hlk498595983]Agreements:
· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
· X=20 
· Y=2*(24-X) 
· Same mapping rule(frequency-first, time-second) for data and DMRS is applied
· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 
· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)
· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS
· After initial cell selection, the UE is expected to find a single SCS per frequency layer
· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB
· Reply LS to RAN4 – Asbjorn (Ericsson) (R1-1719162)

Agreements:
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· 10-bit SFN is carried by NR-PBCH
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH

Agreements:
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz
Agreements:
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4

Agreements:
· (working assumption) For PBCH 1st scrambling initialization, clarify that C_init = N^cell_ID

Agreements:
· For PBCH 2nd scrambling initialization:
· initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreements:
The initialization for PBCH DMRS is: 

o	      

o	For max L=4,  =ISSB+4HF  where HF=0 in the first half frame of a radio frame and HF=1 in the second half frame of a radio frame

o	      For max L=8, and max L=64  = ISSB
Agreements:
· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 
· C_init = [NCell_ID]
· The X LSB bits of SS block index are used to determine a sequential non-overlapping portion of the sequence.
· Generate a Gold sequence of length (2^X)*M where M is the number of bits to be scrambled
· Partition the generated sequence into 2^X non-overlapping portions
· X LSB bits of SS block index uniquely identify indices of each of the non-overlapping portion of the sequence
· X = 2 for max L=4, i.e., 1st and 2nd LSB bits of SS block index.
· X = 3 for max L=8 or 64, i.e., 1st, 2nd and 3rd LSB bits of SS block index
	(b2)
	(b1)
	(b0)
	Seq index used for each PBCH

	0
	0
	0
	0  ~  M-1

	0
	0
	1
	M ~ 2M-1

	0
	1
	0
	2M ~ 3M-1

	0
	1
	1
	3M ~ 4M-1

	1
	0
	0
	4M ~ 5M-1

	1
	0
	1
	5M ~ 6M-1

	1
	1
	0
	6M ~ 7M-1

	1
	1
	1
	7M ~ 8M-1






In this contribution we discuss about remaining details on NR-PBCH.

· 
2	Discussion
2.1	SS/PBCH block bandwidth
Working assumption was made in RAN1#90bis to reduce SS/PBCH block bandwidth from 24 PRBs to 20 PRBs while at the same time remaining the number PRBs for PBCH the same by “moving” 8 PRBs onto sides of the SSS in the 3rd symbol of the block. In Figure 1 we provide performance comparison between the new NR-PBCH design ([20 8 20]) and the old design ([24 0 24]) at sub-6GHz with single cell. It can be observed that the new design performs comparable with the earlier design, yet provides some gain. It’s to be noted the gain is coming from more optimized channel estimation used for the new design by using also SSS as DMRS. 
[bookmark: _Hlk498584807][image: ][image: ]
[bookmark: _Ref498694262]Figure 1. Performance comparison for the PBCH designs at sub-6GHz with single cell.

Proposal: Confirm working assumption that the PBCH bandwidth is X PRBs per symbol and add Y PBCH PRBs to SSS symbol with no other redesign where
· X=20
· Y=2*(24-X).

Furthermore, a working assumption was made that the same DMRS density in the PBCH PRB in the SSS symbols is assumed as for other PBCH PRBs. We don’t see reason to change DMRS density for the PRBs located in the SSS symbols.
Proposal: DMRS density is the same for all PBCH PRBs.
Now that transmit power is to be shared between SSS and PBCH REs (data and DMRS) we consider that EPRE offset between SSS RE and PBCH DMRS RE should be 0 dB.
Proposal: Confirm the working assumption of EPRE offset between SSS RE and PBCH DMRS RE is 0 dB. 
2.2	NR-PBCH scrambling
In RAN1 NR AH#2 the design of on the first, pre-encoding, PBCH content scrambling was made. Furthermore in RAN1#90bis it was agreed to include half-frame indication to the PBCH payload (in addition to indicating it in left-over SSB index in DMRS for sub-3GHz). 
Apriori of these following agreement in RAN1#90 was made:
	Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be  selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block




Hence after the recent agreements the past agreement regarding the scrambling would result that 2nd and 3rd LSB SFN bits, half-radio frame and SSB index are left outside the scrambling as depicted in Figure x 
[bookmark: _GoBack][image: ]
Figure 3. Illustration of PBCH scrambling based on past agreements.
Now considering the latest agreements, it would not seem necessary to leave all the considered bits outside the scrambling, in principle only 2nd and 3rd LSB of SFN are needed. Also for sub6GHz scenario the use of the 3 bits (MSBs of SSB index for above 6GHz) is not yet clear. Hence, it could be considered placing all the other bits (apart 2nd and 3rd LSB of SFN) under the scrambling. This would ensure variation in the interference in largest extent. However, it has also been considered in context of channel encoding to use deterministic locations for the known bits to enhance the decoding performance. To benefit from this approach, those bits should be then left outside the scrambling process. As show in [4] having 5 known bits in predefined locations could improve the decoding performance by 0.5dB. This could be applied in synchronized scenarios for example leaving timing related information, e.g. additional SFN bits outside the scrambling as known bits. Naturally this benefit would not be available in case of initial cell search nor in case of asynchronous networks there is no information that could be assumed to be known. Hence, it might be beneficial consider, if additional bits are left outside the 1st scrambling that which information bits those would be. 
Observation: In principle only 2nd and 3rd LSB of SFN need to be left outside the 1st scrambling. Whether additional bits are left outside the scrambling it should be considered if those can be benefitted to improve the decoding performance.  

2.3	NR-PBCH content
Based on the current agreements in RAN1, working assumption about the used bits for RMSI CORESET configuration in NR-PBCH and RAN2 requiring three bits [2], the NR-PBCH content would be as Table 1. The CORESET configuration related bits are discussed in [3].
[bookmark: _Ref492547105]Table 1 NR-PBCH content
	[bookmark: _Hlk494463780]Parameter
	Number of bits

	SFN
	10

	Half-frame timing
	1

	SS block location index
	3

	Configuration for CORESET for RMSI scheduling
	8

	RAN2
	3

	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
	1

	Indication of the 1st DMRS position
	1

	Spare
	1

	CRC
	24

	Together
	56




Proposal: Confirm the working assumption of 56 bit payload for PBCH.
3	Conclusions
In this contribution we discussed about remaining details for NR-PBCH and made the following observations and proposals:
Proposal: Confirm working assumption that the PBCH bandwidth is X PRBs per symbol and add Y PBCH PRBs to SSS symbol with no other redesign where
· X=20
· Y=2*(24-X).

Proposal: DMRS density is the same for all PBCH PRBs.
Proposal: EPRE offset between SSS RE and PBCH DMRS RE is 0 dB. 
Regarding the PBCH scrambling following observation was made:- 
Observation: In principle only 2nd and 3rd LSB of SFN need to be left outside the 1st scrambling. Whether additional bits are left outside the scrambling it should be considered if those can be benefitted to improve the decoding performance.  
Based on the past agreements made in RAN1, and agreements from other working groups the NR-PBCH content would be as Table 2.
[bookmark: _Ref498424687]Table 2 NR-PBCH content
	Parameter
	Number of bits

	SFN
	10

	Half-frame timing
	1

	SS block location index
	3

	Configuration for CORESET for RMSI scheduling
	8

	RAN2
	3

	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
	1

	Indication of the 1st DMRS position
	1

	Spare
	1

	CRC
	24

	Together
	56



Proposal: Confirm the working assumption of 56 bit payload for PBCH.
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Annex 
Table 3. Sub-6GHz single-cell link-level evaluation assumptions 
	Parameter	
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (time direction)

	Antenna configuration
	TRP: 2, UE: 2

	Time domain allocation
	2 OFDM symbols (PBCH-SSS-PBCH)

	Frequency domain allocation
	[24 0 24] / [20 8 20] PRBs

	Sub-carrier spacing
	15 / 30 kHz

	Channel model
	CDL-C 100 ns

	UE speed
	3 / 120 kmph

	Periodicity
	80 ms
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