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Introduction
3GPP RAN1 #89 meeting made the following agreements about the SS block composition and NR-PBCH RE mapping:
Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision
Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block

[bookmark: _Ref178064866]In this contribution, we will discuss the consideration on the SS block composition, NR-PBCH RE mapping scheme and propose the preference with evaluation results. 
Discussion
[bookmark: _Ref480811488]SS block composition
According to the agreement, there are four options of the SS block composition with two NR-PBCH symbols as shown in Figure 1, where the columns, i.e., band within each OFDM symbol, are not exactly scaled with the numbers of subcarriers of NR-PSS/NR-SSS/NR-PBCH as the illustrations.
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[bookmark: _Ref484687083]Figure 1 SS block composition options with two NR-PBCH symbols
The initial time and frequency synchronization is obtained from the NR-PSS detection, which is followed by the further frequency error estimation refinement with the assistance of NR-SSS. The maximum frequency error range, which can be obtained from the NR-SSS and NR-PSS, is determined by the distance between them in theory, i.e., . 
In Option 1 and 3, NR-PSS is followed by NR-SSS with one OFDM symbol with cyclic prefix spacing, and Option 2 and 4 has two and three OFDM symbols with multiple cyclic prefixes spacing, respectively. Thus, the maximum frequency error estimation ranges for each distance are about ,  and , respectively, where  denotes the subcarrier spacing. Since m-sequence is selected as the NR-PSS sequence for the property of no time and frequency ambiguity, the residual frequency error after NR-PSS detection is decided by the frequency error hypothesis in the receiver, which is related with the receiving complexity. The more hypothesis could have smaller residual frequency error with the higher complexity. However, in the low SNR region, the increasing on the number of hypothesis cannot improve the frequency error estimation because there is no noise depression when detecting the expected NR-PSS sequence. In general, the residual frequency error from NR-PSS can be regarded as half subcarrier, i.e., . 
With practical synchronization algorithm, the CDF curves of the residual frequency error from the NR-PSS and NR-SSS detection with 30kHz subcarrier spacing, maximum initial frequency offset ±5ppm and SNR=-6dB are evaluated as shown in Figure 2. The hypothesis of the frequency error for NR-PSS is assumed to be half subcarrier spacing, i.e., 15kHz step. The residual frequency error is further derived from the phase rotation between the NR-SSS and NR-PSS symbols.  
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[bookmark: _Ref485129466]Figure 2 CDF curves of residual CFO from NR-PSS and NR-SSS symbols of different SS block composition options 
According to the simulation results, the 95% residual frequency errors of Option 1/3, Option 2 and Option 4 are about 1097Hz, 560Hz and 369Hz, respectively. Thus, some distance between two synchronization symbols can provide better residual CFO refinement. Thus, we have the following observation:
[bookmark: _Toc485133013][bookmark: _Toc485134260][bookmark: _Toc485308985][bookmark: _Toc485547637][bookmark: _Toc485549837][bookmark: _Toc485559879][bookmark: _Toc485641640][bookmark: _Toc485641865][bookmark: _Toc485676653]Some distance between NR-PSS and NR-SSS symbols can provide better residual CFO refinement performance.
NR supports a single antenna port based transmission scheme only for NR-PBCH, and the same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within a SS block. Thus, it is possible to use NR-SSS as part of demodulation reference signal to improve the channel estimation accuracy. 
The NR-PBCH BLER performance of different options are evaluated as shown in Figure 3. In the simulation, the maximum initial frequency error is ±5ppm, and the NR-PBCH would be demodulated after the frequency refinement from NR-PSS and NR-SSS. The channel estimation is based on NR-SSS and NR-PBCH DMRS, whose density is 3 REs/OS/PRB with even distance, which will be discussed in [2]. In addition, NR-PBCH RE mapping scheme Alt.2 to be discussed in Section 2.2 is selected in the simulation.   
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(a) TDL-C 100ns, 3km/h	  			     (b) TDL-C 100ns, 100km/h
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       (c) TDL-C 300ns, 3km/h			 	(d) TDL-C 300ns, 100km/h
[bookmark: _Ref485128327]Figure 3 NR-PBCH BLER performance with different SS block composition options
In general, all options have close performance for the low coding rate and channel estimation from the embedded DMRS and synchronization from NR-PSS and NR-SSS. Among all the options, Option 2 is slightly better than others for the close arrangement of NR-SSS and NR-PBCH symbols, which can provide better performance in case of high speed. Thus, we prefer to propose Option 2 as the SS block composition. 
[bookmark: _Toc484785904][bookmark: _Toc484786403][bookmark: _Toc485133090][bookmark: _Toc485134258][bookmark: _Toc485308989][bookmark: _Toc485309176][bookmark: _Toc485309207][bookmark: _Toc485547642][bookmark: _Toc485549842][bookmark: _Toc485559886][bookmark: _Toc485641646][bookmark: _Toc485641871]“Option 2: PSS-PBCH-SSS-PBCH” is suggested as the mapping order in case that there are two PBCH symbols in a SS block.
NR-PBCH RE mapping  
There are two alternatives for the NR-PBCH RE mapping to be down-selected under discussion. One is to map the bits across REs in all available OFDM symbols in the SS block, and the other is to map the bits across REs in one OFDM symbol and copy them to the other OFDM symbols in the same SS block, which is illustrated in Figure 4 with two OFDM symbols for NR-PBCH in a SS block.
  [image: ]	           [image: ]
(a). Alt.1: Mapped across REs in all OFDM symbols	      (b). Alt.2: Mapped across REs in one OFDM symbols, and copied to others
[bookmark: _Ref481051099]Figure 4 Two NR-PBCH RE mapping alternatives
It has been agreed that for the Polar coding of NR-PBCH,  is assumed. Alt.1 with QPSK modulation would have 864, 768 and 576 coded bits with DMRS densities of 3, 4 and 6 REs/OS/PRB, respectively, thus some repetition is always needed when doing rate matching after coding. For Alt.2, the number of coded bits with the DMRS densities are 432, 384 and 288, respectively, which needs puncturing on the 512 coded bits. The coded bits are copied to the other OFDM symbols with possible 3dB gain from it. 
[bookmark: _Toc485308986][bookmark: _Toc485547638][bookmark: _Toc485549838][bookmark: _Toc485559880][bookmark: _Toc485641641][bookmark: _Toc485641866][bookmark: _Toc485676654]NR-PBCH RE mapping Alt.1 and Alt.2 would have different rate matching schemes for the Polar code with .
The detailed analysis and evaluation with such different rate matching schemes was discussed in the NR-PBCH Polar coding contribution [3], where the observation from the evaluation is that transmission of different NR-PBCH content in the two OFDM symbols increases the encoding and decoding complexity but gives no performance improvement.
[bookmark: _Toc485547639][bookmark: _Toc485549839][bookmark: _Toc485559881][bookmark: _Toc485641642][bookmark: _Toc485641867][bookmark: _Toc485676655]Transmission of different NR-PBCH content in the two OFDM symbols increases the encoding and decoding complexity but gives no performance improvement.
We further evaluate the BLER performance of both alternatives with the practical residual frequency error after NR-PSS and NR-SSS detection with the same SS block composition Option 2 and 3 REs/OS/PRB DMRS density. The results are shown in Figure 5, where two delay spread values, 100ns and 300ns, and two UE speed, 3km/h and 100km/h, are considered as the different channel models. The rate matching schemes in [3] are used in the simulation.
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		         (a) TDL-C 100ns, 3km/h				   (b) TDL-C 100ns, 100km/h
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		      (c) TDL-C 300ns, 3km/h					  (d) TDL-C 300ns, 100km/h
[bookmark: _Ref484784391]Figure 5 NR-PBCH BLER performance of RE mapping Alt.1 and Alt.2 with residual frequency error from NR-PSS/SSS detection
The simulation results show that Alt.2 has almost the same performance with Alt.1 for the different rate matching scheme. For the low coding rate and robust channel estimation, the performance for different delay spread and UE speed up to 100km/h is not sensitive. Then, we have the following observation from the simulation results:
[bookmark: _Toc484684183][bookmark: _Toc484684359][bookmark: _Toc484702642][bookmark: _Toc484770623][bookmark: _Toc484785896][bookmark: _Toc485133014][bookmark: _Toc485134261][bookmark: _Toc485308987][bookmark: _Toc485547640][bookmark: _Toc485549840][bookmark: _Toc485559882][bookmark: _Toc485641643][bookmark: _Toc485641868][bookmark: _Toc485676656]NR-PBCH RE mapping Alt.2 has almost the same NR-PBCH BLER performance as Alt.1 with practical channel estimation and synchronization.
The identical symbols of Alt.2 can be further used to provide the residual frequency error estimation, and of course the NR-PBCH DMRS sequences of Alt.1 can be possibly used for that purpose. We further evaluate the residual frequency offset estimation from the NR-PBCH data symbols of Alt.2 and NR-PBCH DMRS of Alt.1 on SNR=-6dB with 30kHz subcarrier spacing as the same simulation setting for Figure 2. 
The results are presented in Figure 6, where different DMRS densities, i.e., number of DMRS REs per OFDM symbol per PRB, for Alt.1 are compared. In the receiver, after acquisition of time synchronization from NR-PSS, the residual frequency offset is estimated from the NR-PBCH symbols or DMRS sequences in the NR-PBCH symbols. In the evaluation, the SS block composition Option 2 is selected as example.
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[bookmark: _Ref485131861]Figure 6 Residual CFO refinement from NR-PBCH of Alt.2 or NR-PBCH DMRS of Alt.1
The simulation results show that the residual CFO refinement from NR-PBCH of Alt.2 can have the similar performance as NR-SSS in Figure 2 with the same distance between two OFDM symbols. For Alt.1, the more REs used by DMRS would results in better synchronization performance. With the largest density value, i.e., 6 REs/OS/PRB, Alt.1 cannot obtain the same performance as Alt.2 from the simulation. Therefore, we have the following observation: 
[bookmark: _Toc484785897][bookmark: _Toc485133015][bookmark: _Toc485134262][bookmark: _Toc485308988][bookmark: _Toc485547641][bookmark: _Toc485549841][bookmark: _Toc485559883][bookmark: _Toc485641644][bookmark: _Toc485641869][bookmark: _Toc485676657]NR-PBCH RE mapping Alt.2 with two identical OFDM symbols can provide better residual CFO refinement than Alt.1 with DMRS sequences in both symbols.
On the other hand, it has been agreed that the SS block time index be delivered by NR-PBCH. The identical contents of NR-PBCH in the two OFDM symbols can also facilitate some approaches to partly indicate the timing index as explained in [4], where the cover sequences on the NR-PBCH OFDM symbols are used to indicate the timing index as illustrated in Figure 7 with simple detection effort and good performance. 
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[bookmark: _Ref485306060]Figure 7 SS block position indication with cover sequence on the two OFDM symbols
The relationship, e.g., phase rotation, is pre-defined for a series of cover sequence on the two OFDM symbols. In the receiver, the relationship can be derived with simple auto-correlation between them without further demodulation on NR-PBCH. The detailed approach and evaluation results can be found in [4].
Therefore, based on the above observations and advantage, we have the following proposal:
[bookmark: _Toc481063475][bookmark: _Toc481071807][bookmark: _Toc481077299][bookmark: _Toc481520290][bookmark: _Toc481670003][bookmark: _Toc481670922][bookmark: _Toc481680175][bookmark: _Toc481696923][bookmark: _Toc481745115][bookmark: _Toc481745337][bookmark: _Toc481745499][bookmark: _Toc484785905][bookmark: _Toc484786404][bookmark: _Toc485133091][bookmark: _Toc485134259][bookmark: _Toc485308990][bookmark: _Toc485309177][bookmark: _Toc485309208][bookmark: _Toc485547643][bookmark: _Toc485549843][bookmark: _Toc485559887][bookmark: _Toc485641647][bookmark: _Toc485641872]Alt.2 is suggested as the NR-PBCH RE mapping for the advantage to provide the residual frequency error refinement and implicitly deliver part of the SS block timing indication without performance loss.
Conclusion
Based on the disucssion in Section 2 we have the following observations:
Observation 1	Some distance between NR-PSS and NR-SSS symbols can provide better residual CFO refinement performance.
Observation 2	NR-PBCH RE mapping Alt.1 and Alt.2 would have different rate matching schemes for the Polar code with .
Observation 3	Transmission of different NR-PBCH content in the two OFDM symbols increases the encoding and decoding complexity but gives no performance improvement.
Observation 4	NR-PBCH RE mapping Alt.2 has almost the same NR-PBCH BLER performance as Alt.1 with practical channel estimation and synchronization.
Observation 5	NR-PBCH RE mapping Alt.2 with two identical OFDM symbols can provide better residual CFO refinement than Alt.1 with DMRS sequences in both symbols.
Based on the discussion in Section 2 we propose the following:
Proposal 1	“Option 2: PSS-PBCH-SSS-PBCH” is suggested as the mapping order in case that there are two PBCH symbols in a SS block.
Proposal 2	Alt.2 is suggested as the NR-PBCH RE mapping for the advantage to provide the residual frequency error refinement and implicitly deliver part of the SS block timing indication without performance loss.
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