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Introduction
3GPP RAN1 #88bis meeting made the following agreements about the NR-PBCH design:
Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification


The working plan for NR-PBCH was also agreed in the last meeting with the following conclusions:
Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Time index indication signaling 
· Content and corresponding payload
· Estimate
· Channel coding
· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI
· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting

[bookmark: _Ref178064866][bookmark: _GoBack]In this contribution, we continue discussing and propose the NR-PBCH related design, mainly focus on the content and estimated payload size, transmission scheme and the DMRS design. The SS block time index indication delivering is discussed in [1], channel coding in [2] and the mapping to SS block in [4].
NR-PBCH content
System frame number
To establishing system frame timing, part of the system frame number (SFN) can be derived from the NR-PBCH payload, like 8 bits SFN information bits in LTE MIB. The remaining SFN information, e.g., 2 bits in LTE, can be implicitly delivered by the scrambling sequences on the four possible radio frame offset in one TTI.
[bookmark: _Toc481696917][bookmark: _Toc481745109][bookmark: _Toc481745331][bookmark: _Toc481745493][bookmark: _Toc481877411][bookmark: _Toc478053703][bookmark: _Toc478061750][bookmark: _Toc478061779][bookmark: _Toc478061815][bookmark: _Toc478064738][bookmark: _Toc478147802][bookmark: _Toc478148338][bookmark: _Toc478150008][bookmark: _Toc478163400][bookmark: _Toc481063470][bookmark: _Toc481071802][bookmark: _Toc481077294][bookmark: _Toc481520285][bookmark: _Toc481669997][bookmark: _Toc481670916][bookmark: _Toc481680169]NR-PBCH carries part of SFN information, with the remaining part implicitly delivered by the scrambling sequences in one TTI. 
[bookmark: _Ref478147298]Value tag and area identifier
To allow UEs waking up from DRX to check the system information with minimal effort, there is clear benefit in including the values tag that informs the UE of changes in the system information already in the NR-PDSCH with remaining system information since it allows UEs to go back to sleep if the value tag has not changed and to start a random access procedure without having to read additional system information. In addition, as discussed in [3], it is also useful for the UE to know if the system information is the same in the new cell as in previous cells and the UE is informed of this with an area identifier.
[bookmark: _Toc478053704][bookmark: _Toc478061751][bookmark: _Toc478061780][bookmark: _Toc478061816][bookmark: _Toc478064739][bookmark: _Toc478147803][bookmark: _Toc478148339][bookmark: _Toc478150009][bookmark: _Toc478163401][bookmark: _Toc481063471][bookmark: _Toc481071803][bookmark: _Toc481077295][bookmark: _Toc481520286][bookmark: _Toc481669998][bookmark: _Toc481670917][bookmark: _Toc481680170][bookmark: _Toc481696918][bookmark: _Toc481745110][bookmark: _Toc481745332][bookmark: _Toc481745494][bookmark: _Toc481877412]The value tag should be included in the NR-PBCH
[bookmark: _Toc481877413]An area identifier should be included in the NR-PBCH
NR-PDSCH configuration
The NR-PDSCH carrying the remaining system information will have variable payload and has been agreed to be scheduled with MCS and resource assignments using the NR-PDCCH. We estimate the number of bits used for the NR-PDCCH configuration be 6 including numerology used for the NR-PDCCH and QCL of the NR-PDCCH as discussed in [3].
Payload estimate
The exact number of the payload bits of the NR-PBCH should be further decided by RAN2, but based on the discussion above the is summarized and estimated in Table 1. 
[bookmark: _Ref481681706]Table 1 Estimation on the number of system information bits
	[bookmark: _Hlk481766563]Information
	Number of bits

	SFN
	8

	Value tag
	4

	SI area code
	10

	NR-PDCCH configuration
	6

	Spare 
	11

	Total information bits
	34

	CRC
	16

	Total including CRC
	50


 
With 11 spare bits there is room for including additional information there is space for including additional information in this or future releases. Based on this we propose:
[bookmark: _Toc481696920][bookmark: _Toc481745112][bookmark: _Toc481745334][bookmark: _Toc481745496][bookmark: _Toc481877414]The number of system information and spare bits delivered in NR-PBCH is 34 and the total code block size is 50 bits including 16-bit CRC
NR-PBCH design
Transmission scheme
It has been agreed that for NR-PBCH transmission, NR supports a single antenna port based transmission scheme to avoid blind detection on the number of antenna ports. It is noted that the different port relationship assumptions of the NR-SS and NR-PBCH in a SS block mean different usage of the reference signals for the UE to do channel estimation. Though different single ports may benefit flexible precoding schemes for NR-SS and NR-PBCH with multiple antennas, the transparent transmission scheme needs to be guaranteed without blind detection and complex receiving algorithm in the initial access procedure. On the other hand, the limited bandwidth of a SS block, the more reference signal would benefit the channel estimation with one-shot detection. The joint using of NR-SSS and DMRS in the SS block can well improve the channel estimation performance if they are on the same port. 
The NR-PBCH link BLER performance is evaluated with different usages of the reference signals to do channel estimation. In the simulation, ‘DMRS X REs/OS/PRB’ means the channel estimation is based on DMRS only, and the density of the DMRS is X resource elements (REs) per OFDM symbol (OS) per physical resource block (PRB). The time and frequency synchronization is obtained from NR-PSS and NR-SSS according to the mapping scheme as shown in Figure 1. ‘NR-SSS + DMRS X REs/OS/PRB’ means the channel estimation is based on both NR-SSS and DMRS. The channel models selected in the simulation are TDL-C with delay spreads of 100ns and 300ns to reflect the different fading in the frequency domain. More simulation assumptions can be found in Table 3. 
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Figure 1 NR-PBCH BLER performance based on DMRS- and joint NR-SSS/DMRS channel estimation
The simulation results show that the joint channel estimation from NR-SSS and DMRS outperforms DMRS for the larger channel estimation processing gain. Then, we have the following observations based on the simulation results.
[bookmark: _Toc480622866][bookmark: _Toc480624103][bookmark: _Toc480819307][bookmark: _Toc480829431][bookmark: _Toc480829501][bookmark: _Toc481063477][bookmark: _Toc481071800][bookmark: _Toc481077292][bookmark: _Toc481669994][bookmark: _Toc481696929][bookmark: _Toc481745032][bookmark: _Toc481745298][bookmark: _Toc481745500][bookmark: _Toc481877417]Joint NR-SSS/DMRS-based channel estimation has better NR-PBCH performance.  
To use the NR-SSS as the part of DMRS for NR-PBCH demodulation, it is necessary to assume they are transmitted on the same antenna port. Thus, we have the following proposal:
[bookmark: _Toc481063473][bookmark: _Toc481071805][bookmark: _Toc481077297][bookmark: _Toc481520288][bookmark: _Toc481670001][bookmark: _Toc481670920][bookmark: _Toc481680173][bookmark: _Toc481696921][bookmark: _Toc481745113][bookmark: _Toc481745335][bookmark: _Toc481745497][bookmark: _Toc481877415]UE assumes the same port for NR-PSS, NR-SSS and NR-PBCH in an SS block.
Mapping to resource elements
In [4] it is proposed that the proposed mapping within an SS block is 
Proposal 2	The proposed symbol mapping for the SS block is first NR-PBCH symbols, NR-SSS symbol, second NR-PBCH symbol and finally the NR-PSS symbol. With two OFDM symbols in a SS block used to deliver the NR-PBCH, the mapping of the channel coded bits to the resource elements must be decided. 
[image: ]	      [image: ]
   (a). Mapped to all resource elements one-by-one	           (b). Mapped to two OFDM symbols simultaneously
[bookmark: _Ref481051099]Figure 3 NR-PBCH RE mapping schemes
Two RE mapping options for the NR-PBCH modulated symbols are shown in Figure 3.
· Option 1: The modulated symbols are rate matched and mapped to the REs in the two OFDM symbols one by one, i.e., frequency followed by time domain as shown Figure 2 (a), which is the same RE mapping scheme as for a single layer mapping for a PDSCH in LTE. 
· Option 2: The modulated symbols are rate matched and mapped to the REs creating two identical OFDM symbols as shown in Figure 2 (b). The two identical OFDM symbols facilitates the frequency error estimation refinement before demodulation. Note that even though the contents in the two OFDM symbols are identical, different scrambling sequences can be applied on top if needed without loss in performance.
Option 1 should result in better coding gain with larger coded block sizes than option 2. However, the possibility of better frequency error estimation with option 2 is beneficial in for the initial access procedure. The evaluation results are provided in Figure 4, where the BLER performance is shown in (a), and the CDF of the residual carrier frequency offset is shown in (b). In the evaluation, both NR-SSS and DMRS are used for synchronization and channel estimation. 
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		(a) NR-PBCH BLER performance			(b) CDF of the residual frequency error
[bookmark: _Ref481661616]Figure 4 NR-PBCH performance evaluations of two RE mapping schemes
[bookmark: _Toc481063475][bookmark: _Toc481071807][bookmark: _Toc481077299][bookmark: _Toc481520290]The BLER performance results show that option 2 is a better than option 1 due to the reduce residual frequency error achieved when using all the NR-PBCH REs as opposed to only the DMRS REs.   
[bookmark: _Toc481670003][bookmark: _Toc481670922][bookmark: _Toc481680175][bookmark: _Toc481696923][bookmark: _Toc481745115][bookmark: _Toc481745337][bookmark: _Toc481745499][bookmark: _Toc481877416]The NR-PBCH is rate matched and mapped to REs so that two identical OFDM symbols are created
NR-PBCH DMRS design
In this section, different average DMRS densities are evaluated with the practical channel estimation algorithm. It is noted that the more REs for DMRS mean better channel estimation, but larger effective coding rate as summarized in Table 2. It is necessary to trade-off between the overhead and channel estimation accuracy.
[bookmark: _Ref481664050]Table 2 Effective coding rate with different DMRS densities
	
	40 bits
	50 bits
	60 bits

	2 REs/OS/PRB
	0.0417
	0.0521
	0.0625

	3 REs/OS/PRB
	0.0463
	0.0579
	0.0694

	4 REs/OS/PRB
	0.0521
	0.0651
	0.0781


The NR-PBCH BLER simulation results of the payload size assumption of 40 bits are shown in Figure 5 with different RE mapping schemes and channel models. 
[image: ][image: ]
	    (a). TDL-C 100ns, RE mapping option 1			(b). TDL-C 100ns, RE mapping option 2
[image: ][image: ]
(c). TDL-C 300ns, RE mapping option 1 			(b). TDL-C 300ns, RE mapping option 2
[bookmark: _Ref481665931]Figure 5 NR-PBCH BLER performance with different DMRS densities
The simulation results show that all densities have close BLER performance for such low coding rates for both RE mapping options. Among the selected densities, 4 REs/OS/PRB shows the slightly better performance than the others. 
[bookmark: _Toc481669995][bookmark: _Toc481696930][bookmark: _Toc481745033][bookmark: _Toc481745299][bookmark: _Toc481745501][bookmark: _Toc481877418]The average DMRS density of 4 REs/OS/PRB shows slightly better performance with the payload size of 40 bits.  
Conclusion
Based on the disucssion in above sections, we have the following observations:
Observation 1	Joint NR-SSS/DMRS-based channel estimation has better NR-PBCH performance.
Observation 2	The average DMRS density of 4 REs/OS/PRB shows slightly better performance with the payload size of 40 bits.
Based on the discussion in above sections, we propose the following:
Proposal 1	NR-PBCH carries part of SFN information, with the remaining part implicitly delivered by the scrambling sequences in one TTI.
Proposal 2	The value tag should be included in the NR-PBCH
Proposal 3	An area identifier should be included in the NR-PBCH
Proposal 4	The number of system information and spare bits delivered in NR-PBCH is 34 and the total code block size is 50 bits including 16-bit CRC
Proposal 5	UE assumes the same port for NR-PSS, NR-SSS and NR-PBCH in an SS block.
Proposal 6	The NR-PBCH is rate matched and mapped to REs so that two identical OFDM symbols are created
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Annex: Link level simulation assumption
[bookmark: _Ref481682286]Table 3 Link level simulation assumptions
	Parameter
	Value

	Carrier Frequency
	4GHz

	Default subcarrier spacing
	30kHz

	Channel Model
	TDL-C, 100ns and 300ns

	# of Tx/Rx 
	1/2

	UE speed
	3km/h

	Initial carrier frequency offset
	Randomly chosen from {-5 ppm, +5 ppm}

	NR-PSS/SSS detection
	One shot detection

	NR-PSS/SSS false alarm rate
	Less than 1%

	NR-PBCH channel coding
	TBCC

	Synchronization
	Rely on NR-PSS/SSS/DMRS

	Channel estimation
	Practical, based on NR-SSS and DMRS
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