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1. Introduction

At the RAN1 #89 meeting, NR-PBCH design and SS block composition were discussed and RAN1 made following agreements [1].
	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:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded

· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS

· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.

· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits
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
· Other Alternatives are not precluded

· Note that all proponents need to provide their own proposal until 26th May
· For evaluation purposes, followings should be considered

· Channel coding 

· Rate matching 

· Accuracy of CFO estimation

· DMRS RE mapping
· Channel estimation performance

· NR-PBCH one to four shot(s) performance within 80 msec

· Complexity of NR-PSS/SSS/NR-PBCH decoding and mobility measurement

· Reliability of time index

· All proponents need to provide followings until 2nd June to achieve further evaluation/analysis – Asbjorn (Ericsson)

· NR-PBCH RE mapping

· SS-block composition

· SS-block time index indication

· SFN indication

· DMRS RE mapping

· PBCH payload size

· PBCH channel coding scheme (all proponents need to follow the latest agreements/WAs in channel coding session) 

· Note that all decisions of channel coding scheme should be done in channel coding session/agenda

· Receiver algorithms


In addition, in email discussion [89-15] after the RAN1 #89 meeting, companies provided their views on NR-PBCH design including RE mapping, payload size, DMRS RE mapping/density and SS block composition [2].
In this contribution, we discuss on NR-PBCH design including contents carried by NR-PBCH and channel design. We also show evaluation results on NR-PBCH design.
2. Discussion and evaluation on NR-PBCH design and SS block composition
2.1. NR-PBCH RE mapping
As the scope of email discussion [89-15], there are many design aspects to decide NR-PBCH design. We start from evaluation and discussion on NR-PBCH RE mapping first since this aspect seems to have less impact on other design aspects. During the discussion at RAN1 #89 meeting and [89-15], following three alternatives have been proposed.
· 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

· Alt. 3: NR-PBCH coded bits are mapped across REs in N PBCH symbols within the bandwidth of PSS/SSS, and the NR-PBCH band within the bandwidth of PSS/SSS is copied to other NR-PBCH band in a NR-SS block
Alt.1 can achieve lower coding rate compared with Alt.2 and Alt.3. Alt.2 can utilize the copied structure for some purpose such as frequency offset compensation and implicit indication of some information based on e.g., phase relationship between different NR-PBCH symbols within a SS block. Alt.3 can allow UE to perform NR-PBCH reading with NR-PSS/SSS bandwidth instead of NR-PBCH bandwidth. So, Alt.2 and Alt.3 intend to provide some side benefit. However, it may cause NR-PBCH performance degradation due to higher coding rate compared with Alt.1 as shown in some contributions [3-4]. In addition, possible side benefit from Alt.2 and Alt.3 may not be required depending on scenarios and implementations. Therefore, we prefer Alt.1 for NR-PBCH RE mapping scheme.
Proposal 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.
2.2. SS block composition
During the discussion at RAN1 #89 meeting and [89-15], following four options have been proposed for SS block composition 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
Considering NR-SSS as complemental reference signal for NR-PBCH demodulation, we think that NR-SSS and NR-PBCH should be located to neighbour symbols each other so that NR-SSS can help to improve channel estimation accuracy based on DMRS for NR-PBCH (PBCH-DMRS) e.g., in high speed scenario. On the other hand, we had evaluated an impact of symbol interval between NR-PSS and NR-SSS in terms of NR-PSS/SSS detection performance [5], and NR-PSS/SSS symbol interval differences among four alternatives would not have clear NR-PSS/SSS detection performance differences. 
We perform the performance evaluation on SS block composition. Based on email discussion [89-15], we compare performances of two major options, i.e., Option 1 and Option 2 in the evaluation. The evaluation results are shown in ANNEX. According to the results, we can observe that Option 1 and 2 provide almost same BLER performance, but Option 2 could provide better frequency offset estimation based on PBCH-DMRS on two separated symbols. Therefore, Option 2 is preferred as SS block composition. 

Observation 1: SS block composition Option 2 could provide almost same BLER performance with SS block composition Option 1, while Option 2 could provide better CFO estimation performance compared with Option 1.
Proposal 2: The mapping order of signals in a SS block is PSS-PBCH-SSS-PBCH in case that number of PBCH symbols is two within a SS block.
2.3. PBCH-DMRS RE mapping and density
During the discussion at RAN1 #89 meeting and [89-15], following two options have been proposed for PBCH-DMRS RE mapping scheme.
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)

In Option 2, by utilizing NR-SSS for NR-PBCH demodulation, required PBCH-DMRS RE density within NR-SSS transmission bandwidth can be reduced. However, Option 2 would force UE to utilize NR-SSS for NR-PBCH demodulation, and UE channel estimator for NR-PBCH may become complex. 

In addition, PBCH-DMRS RE density such as number of PBCH-DMRS REs per PRB per symbol needs to be decided together with RE mapping scheme. So, we perform the performance evaluation on PBCH-DMRS RE mapping scheme and RE density. The evaluation results are shown in ANNEX. According to the results, we can observe that Option 1 and 2 with appropriate RE density for each provide almost same BLER performance. If the NR-PBCH BLER performance is almost the same in typical scenario, we prefer to have larger PBCH-DMRS RE density since PBCH-DMRS with larger RE density i.e., longer sequence length could be beneficial for channel estimation in some severe scenarios and for possible implicit indication based on PBCH-DMRS sequence [6]. Therefore, considering possible UE implementation complexity, Option 1 for PBCH-DMRS RE mapping is preferred, and PBCH-DMRS RE density could be 3 or 4 REs per PRB per symbol. 

Observation 2: PBCH-DMRS RE mapping schemes with equal interval and with unequal interval provide almost same BLER performance when RE density for each case is appropriately set.

Observation 3: Assuming DMRS sequence mapped on subcarriers with equal interval, PBCH-DMRS RE density of 2/3/4 REs per PRB per symbol provides almost same BLER performance.
Proposal 3: PBCH-DMRS sequence is mapped on subcarriers with equal interval.
Proposal 4: PBCH-DMRS density is 3 or 4 REs per PRB per symbol.
2.4. Number of NR-PBCH symbols within a SS block and NR-PBCH payload size
As discussed in our companion contribution regarding NR-PBCH contents [7], we consider that NR-PBCH payload size would be 48, 56 or 64 bits including CRC. In such case, NR-PBCH with two symbols in a SS block may be able to provide reliable detection such as <1% BLER performance at -6 dB SINR condition by using multiple (e.g., three) shots combining. Especially if at least part of SS block time index is indicated explicitly in NR-PBCH, NR-PBCH with two symbols in a SS block may cause a delay for SS block index reading during RRM measurement and handover as RAN2 concerned [8]. Therefore, we propose to consider possibility of NR-PBCH with three symbols in a SS block especially for above-6 GHz frequency range.
We perform the performance evaluation on number of NR-PBCH symbols within a SS block with different payload size assumption. The evaluation results are shown in ANNEX. According to the results, NR-PBCH with three symbols can improve the BLER performance significantly. Therefore, RAN1 should consider possibility of NR-PBCH design with three symbols in a SS block, especially when at least part of SS block index explicitly indicated in NR-PBCH and shorter delay for NR-PBCH reading is highly required. SS block composition based on five symbols for such case should also be considered. Regarding candidate SS block locations in slot(s), although SS block with five symbols occupies more symbols within a slot compared with SS block with four symbols, it is still possible to preserve possible DL/UL control regions with reasonable amount and interval for above-6 GHz frequency range as shown in [9].
Observation 4: NR-PBCH with three symbols can improve the BLER performance significantly.
Proposal 5: RAN1 should consider possibility of NR-PBCH design with three symbols in a SS block especially for following cases.
· When NR-PBCH carries at least part of SS block time index information and shorter delay for NR-PBCH reading is required for RRM measurement and handover

· When NR-PBCH payload size is larger than expected, especially for above-6 GHz frequency range
3. Conclusion
In this contribution, we discussed on NR-PBCH design including contents carried by NR-PBCH and channel design, based on evaluation results. We made following observations and proposals.
Observation 1: SS block composition Option 2 could provide almost same BLER performance with SS block composition Option 1, while Option 2 could provide better CFO estimation performance compared with Option 1.
Observation 2: PBCH-DMRS RE mapping schemes with equal interval and with unequal interval provide almost same BLER performance when RE density for each case is appropriately set.

Observation 3: Assuming DMRS sequence mapped on subcarriers with equal interval, PBCH-DMRS RE density of 2/3/4 REs per PRB per symbol provides almost same BLER performance.
Observation 4: NR-PBCH with three symbols can improve the BLER performance significantly.
Proposal 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.
Proposal 2: The mapping order of signals in a SS block is PSS-PBCH-SSS-PBCH in case that number of PBCH symbols is two within a SS block.
Proposal 3: PBCH-DMRS sequence is mapped on subcarriers with equal interval.
Proposal 4: PBCH-DMRS density is 3 or 4 REs per PRB per symbol.
Proposal 5: RAN1 should consider possibility of NR-PBCH design with three symbols in a SS block especially for following cases.
· When NR-PBCH carries at least part of SS block time index information and shorter delay for NR-PBCH reading is required for RRM measurement and handover

· When NR-PBCH payload size is larger than expected, especially for above-6 GHz frequency range
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Annex: Link-level simulation on NR-PBCH and SS block design 
Table I shows simulation assumptions for NR-PBCH evaluation, and Figure 1 shows BLER performance results for NR-PBCH. Regarding residual CFO model in NR-PBCH evaluation, we assume the gauss distribution with standard deviation of 0.24 ppm as residual CFO model for NR-PBCH evaluation based on the discussion and evaluation shown in Annex C in [4].
Figure 1 (a) and (b) show BLER performances with SS block composition Option 1 and 2 when the UE speed is 3 and 300 km/h. In this evaluation, NR-PBCH RE mapping scheme Alt.1, PBCH-DMRS RE mapping Alt.1, RE density of 3 REs per PRB per symbol, two NR-PBCH symbols within a SS block and 64 bits payload size are assumed. Regarding channel estimation algorithm, 2D-MMSE is performed by using NR-SSS and PBCH-DMRS on two NR-PBCH symbols. It is observed that SS block composition Option 1 and 2 provide almost same BLER performance regardless of UE speed. On the other hand, Figure 2 shows CFO estimation performances with SS block composition Option 1, 2 and 3. In this evaluation, residual CFO after NR-PSS/SSS detection is compensated by using PBCH-DMRS on two separated symbols. Shorter interval between two PBCH-DMRS symbols as in Option 1 can compensate CFO within a range of {- (subcarrier spacing)/2, + (subcarrier spacing)/2} while longer interval between two PBCH symbols such as in Option 2 and 3 can compensate CFO within smaller range with finer granularity. It is observed that SS block composition Option 2 (2 symbols interval between PBCH-DMRS symbols) can provide best CFO estimation performance thanks to good balance between CFO estimation range and granularity. 

Figure 3 (a), (b), (c), (d), (e) and (f) show BLER performances with different PBCH-DMRS RE mapping schemes and density settings when the UE speed is 3 and 300 km/h. In this evaluation, NR-PBCH RE mapping scheme Alt.1, SS block composition Option 2, two NR-PBCH symbols within a SS block and 64 bits payload size are assumed. It is observed that PBCH-DMRS RE mapping Alt.1 (“REM=1”) and PBCH-DMRS RE mapping Alt.2 (“REM=2”) show almost same performance. Regarding PBCH-DMRS RE density for RE mapping Alt.1, it is observed that performance of 2 REs per PRB per symbol and that of 3 REs per PRB per symbol are almost same and slightly better than performance of 4 REs per PRB per symbol.
Figure 4 (a), (b) and (c) show BLER performances with different payload sizes and different number of symbols for NR-PBCH within a SS block. In this evaluation, NR-PBCH RE mapping scheme Alt.1, SS block composition Option 2, PBCH-DMRS RE mapping Alt.1 and RE density of 3 REs per PRB per symbol are assumed. In case with three symbols for NR-PBCH, SS block composition is PSS-PBCH-SSS-PBCH-PBCH and every NR-PBCH symbol has same PBCH-DMRS RE mapping/density. It is observed that NR-PBCH with three symbols can improve about 4 dB compared with NR-PBCH with two symbols thanks to better channel estimation and lower coding rate.
Figure 5 shows BLER performances with different NR-PBCH RE mapping schemes as discussed in section 2.1. It is observed that NR-PBCH RE mapping scheme Alt.1 provides slightly better BLER performance compared with Alt.2.

Table I: Simulation assumptions for NR-PBCH evaluation

[image: image1.emf]Parameter Value

Carrier frequency 4 GHz

Transmission method 1-port based transmission

DMRS REs per PRB per symbol

(equal interval)

2, 3, 4

DMRS REs per PRB per symbol

(unequal interval)

2, 3, 4  for NR-SSS bandwidth,

1, 1.5, 2 for outside NR-SSS bandwidth

Time domain allocation 2, 3 OFDM symbol

Frequency domain allocation 24 PRBs

Sub-carrier spacing 30 kHz

Channel model CDL-C 100 ns scaling

UE speed 3, 300 km/h

Channel coding Polar code

Payload size 48, 56, 64 bits

Referrence signal transmission SSS + Self-contained DMRS

Channel estimation 2D-MMSE

Receiver algorithm 2 RX MRC

Repetition 1, 2, 3, 4 times

SS block composition Option 1/ 2

CFO Gaussian distribution with  σ= 0.24 ppm


[image: image2.emf] 0.01

 0.1

 1

-14 -12 -10 -8 -6 -4 -2  0

BLER

SNR [dB]

RS=3/12, Payload=64bits, SPD=3kmph, SSBC=Opt.1/2

SSB Op.1, 1 shot

Op.2, 1 shot

Op.1, 2 shot

Op.2, 2 shot

Op.1, 3 shot

Op.2, 3 shot

Op.1, 4 shot

Op.2, 4 shot

 0.01

 0.1

 1

-14 -12 -10 -8 -6 -4 -2  0

BLER

SNR [dB]

RS=3/12, Payload=64bits, SPD=300kmph, SSBC=Opt.2

SSB Op.1, 1 shot

Op.2, 1 shot

Op.1, 2 shot

Op.2, 2 shot

Op.1, 3 shot

Op.2, 3 shot

Op.1, 4 shot

Op.2, 4 shot

(a) 3kmph (b) 300kmph


Figure 1: BLER performance of NR-PBCH with different SS block composition
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Figure 2: CFO estimation performance
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Figure 3: BLER performance of NR-PBCH with different PBCH-DMRS RE mapping/density
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Figure 4: BLER performance of NR-PBCH with different number of PBCH symbols within a SS block
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Figure 5: BLER performance of NR-PBCH with different PBCH RE mapping schemes
