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1. Introduction

At the RAN1 #88bis meeting in April 2017, NR-PBCH design including payload size, transmission scheme and channel structure was discussed and RAN1 made following agreements, working assumptions and conclusions [1].
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial:  Decimal 145 (i.e. g(x) = x7 + x4 + 1)
· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec
Working assumption:

· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Companies are encouraged to further evaluate NR-PBCH performance

Agreements:
· RAN1 strives to supports combining NR-PBCH

· The different options to be considered:

· Across SS Burst Set

· Within SS Burst Set 

· Within subset of an SS burst set, e.g. within an SS burst, within  a number of slot(s) etc.
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


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 on NR-PBCH contents
In LTE, PBCH has 40 bits payload size and following information is carried.

· 3 bits for system bandwidth information

· 3 bits for PHICH configuration information

· 8 bits for part of SFN information

· 10 reserved bits

· 16 bits for CRC

In addition, PBCH provides following information to UE.

· eNB antenna configuration (i.e., number of antenna ports) information by using CRC mask
· Remaining part of SFN information (2 bits) by using four times repetition structure

Information provided by PBCH is minimum necessary information to decode PDCCH which schedules PDSCH carrying system information (SI). Even in NR, this principle should be held so that NR-PBCH transmitted by using limited amount of resource can be robust enough.

For NR-PBCH contents, we think following information should be carried in NR-PBCH.
· SFN/H-SFN
In both RAN1 and RAN2, it was agreed that at least part of SFN information is carried by NR-PBCH. Considering H-SFN for eDRX functionality, total number of bits required for SFN/H-SFN would be 20. Since agreed PBCH TTI is 80 ms, part of SFN information (i.e., 3 bits to identify radio frame within 80 ms) can be implicitly carried by NR-PBCH repetition structure and possibly SS block time index. Therefore, 7 or 17 bits would be required for this information.
· SS block index indication

RAN1 agreed that UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block, and a single set of possible SS block time locations is specified per frequency band. RAN1 also agreed that NR-PBCH is used for SS block time index indication. Explicit indication of SS block time index in NR-PBCH payload is a straightforward option. However, required number of bits for SS block time index would be greatly different between different frequency ranges, e.g., [1 or 2] bits for below 3 GHz range and [6] bits for above 6 GHz range. 6 bits in NR-PBCH payload may be too much and at least unnecessary in lower frequency range. So we can consider following possible options.

· Option 1: NR defines different payload size and number of bits for SS block time index indication in NR-PBCH for different frequency range.

· Option 2: NR defines fixed number of bits for “SS burst index” indication in NR-PBCH, and SS block index within SS burst is carried by implicit way especially in higher frequency range.

· Option 3: Combination of above two options, i.e., different payload size and number of bits for SS burst index indication in NR-PBCH for different frequency range, and SS block index within SS burst is carried by implicit way.

Further details are discussed in our companion contribution [2].
· SS burst set periodicity
RAN1 agreed set of configuration values for SS periodicity; {5, 10, 20, 40, 80, (160)} ms. If configured periodicity is different from default periodicity in standalone NR cell, UE in initial access procedure may be confused as following examples.

· If configured (actual) SS burst set periodicity is shorter than default, UE may observe multiple same SS blocks within search window i.e., default periodicity duration. But since UE may focus on one strongest SS block, UE may misunderstand frame timing.
· If configured (actual) SS burst set periodicity is longer than default, UE may or may not observe SS block within search window i.e., default periodicity duration. Since UE cannot distinguish whether SS block is actually not transmitted within the duration or just missed, UE may misunderstand frame timing. 

Therefore, indication of SS burst set periodicity by using NR-PBCH would be necessary. According to agreed set of configuration values, 3 bits would be required.
· Information of control resource set for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI

Different from LTE, UE would not need to know system bandwidth of the NR carrier from PBCH since control resource set (search space) for UE-common (or UE-group-common) NR-PDCCH can be smaller than carrier bandwidth in NR. In addition, indication of frequency offset between SS block and control resource set can be used so that UE does not need to be aware of central and edge positions of the carrier. Number of bits for the control resource set information (e.g., bandwidth and frequency offset) can be defined per frequency range since wide carrier in higher frequency would allow more candidate of control resource set configuration compared with carrier in lower frequency. Time domain information of control resource set for system information delivery also needs to be known by UE. As argued in our companion contribution [3], since NR-PBCH payload size would be limited, it may be necessary to limit flexibility on control resource set configuration for remaining minimum SI delivery so that part of configuration information of control resource set for UE-common (or UE-group-common) NR-PDCCH can be derived by specification. Therefore, a few bits would be used to provide flexibility on time/frequency resource configuration of control resource set for UE-common (or UE-group-common) NR-PDCCH.

In addition to time/frequency resource configuration of control resource set for UE-common (or UE-group-common) NR-PDCCH, numerology used for remaining minimum SI delivery should also be carried by NR-PBCH [3]. A few bits would be sufficient for this numerology information since candidate numerology can be defined per frequency range.
Furthermore, if multiple transmission schemes for NR-PDCCH are supported and UE needs to change its behaviour according to the configured transmission scheme for NR-PDCCH reception, NR-PBCH also needs to carry such NR-PDCCH DMRS configuration information. 
· Information for quick identification that UE cannot camp on the cell
During NR study item, RAN2 agreed that it is desirable for UE to learn very quickly that cell cannot be camped on e.g., if the cell is non-standalone NR cell and does not broadcast the minimum SI. So, it may be beneficial to include 1 bit in NR-PBCH to indicate whether the cell is non-standalone or not. This issue would also be discussed in RAN2, but RAN1 should also take this into account for designing PBCH payload size.
In summary, we have identified that required number of bits for some information in NR-PBCH can be different in different frequency range. Defining optimized payload size and contents for each frequency range and corresponding usage scenarios is beneficial to minimize payload size and to design NR-PBCH appropriately. Detailed payload size, frequency range categorization, bit size for each of NR-PBCH contents should be further studied. Based on above discussion, we think NR-PBCH payload size (including reserved bits and CRC) for low frequency range may be 40 or 48 bits and that for high frequency range may be 48 or 56 bits.
Proposal 1: NR-PBCH carries at least following information.
· At least part of SFN/H-SFN

· At least part of SS block index
· SS burst set periodicity
· Information of control resource set for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI
· Including time/frequency resource configuration, numerology and maybe NR-PDCCH DMRS configuration
Proposal 2: NR-PBCH payload size and bit size for each of contents are defined per frequency range.

· Candidate values for NR-PBCH payload size including CRC are {40, 48, 56} bits.

· Note that this frequency range categorization may or may not be the same with that for other aspects e.g., NR-SS design including default SCS, periodicity and bandwidth.

3. Discussion and evaluation on NR-PBCH design
3.1. NR-PBCH channel design

RAN1 agreed that NR-PBCH occupies 288 subcarriers and 2 OFDM symbols (with additional symbols if MIB size larger than assumed) within a SS block. According to the evaluation results in ANNEX, this resource amount seems enough to achieve target BLER performance even if the payload size is very large such as 96 bits.  
Observation 1: 288 subcarriers and 2 OFDM symbols for NR-PBCH seems enough to achieve less than 1% BLER at -6 dB SNR.
3.2. Transmission scheme for NR-PBCH

RAN1 agreed to support single antenna port based transmission scheme only as working assumption. We consider following three alternatives for the single antenna port based transmission.

· Alt 1: Transmission without precoder cycling (PC)
· Alt 2: Transmission with PC within PBCH TTI
· Alt 3: Transmission with PC within SS block
Assuming that same transmission antenna port is applied to NR-SSS and NR-PBCH, transmission without PC can use NR-SSS for demodulation in addition to self-contained DMRS so that the performance may be improved.  According to the results in ANNEX, it is shown that transmission without PC can achieve below 1 % BLER at -6 dB SNR condition and comparable performance with transmission with PC within PBCH TTI. On the other hand, transmission with PC within SS block has slightly worse performance than other transmission schemes due to possible degradation of channel estimation accuracy.
Observation 2: Precoder cycling within SS block for NR-PBCH transmission may suffer from degradation of channel estimation accuracy and show slightly worse performance compared with the case of no precoder cycling scheme within SS block.
Proposal 3: Same antenna port is used for NR-SSS and NR-PBCH transmission.
3.3. RS for demodulating NR-PBCH
RAN1 agreed that self-contained DMRS is used for NR-PBCH demodulation. We think it is preferred to insert DMRS in every PBCH symbol to avoid the degradation caused by channel estimation error in high-Doppler scenario. We compare the performance with different RS density such as {1, 2, 4} REs per RB per symbol. According to the results in ANNEX, we could observe that 2 REs per RB per symbol for DMRS may provide the best performance compared with other RS density settings. Additionally, as argued in previous subsection, the performance may be improved by using NR-SSS as additional RS for PBCH demodulation. 
Regarding the DMRS sequence design, we think it should be at least cell-specific as well as NR-SSS, and low cross-correlation sequence pattern and/or resource mapping pattern among different cells are preferable since SS block resources may be collided among different cells e.g., in synchronized NW. In addition, there may be possibility to use DMRS sequence for indication of a part of SS block time index [2].
Proposal 4: DMRS for NR-PBCH should be mapped on every NR-PBCH symbol.

Observation 3: 2 REs per RB per symbol as DMRS density for NR-PBCH may provide the best performance.

Proposal 5: DMRS sequence design including sequence pattern and resource mapping among different cells should provide low cross-correlation property.
4. 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 the following proposals. 
Proposal 1: NR-PBCH carries at least following information.

· At least part of SFN/H-SFN

· At least part of SS block index
· SS burst set periodicity
· Information of control resource set for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI
· Including time/frequency resource configuration, numerology and maybe NR-PDCCH DMRS configuration
Proposal 2: NR-PBCH payload size and bit size for each of contents are defined per frequency range.

· Candidate values for NR-PBCH payload size including CRC are {40, 48, 56} bits.

· Note that this frequency range categorization may or may not be the same with that for other aspects e.g., NR-SS design including default SCS, periodicity and bandwidth.

Observation 1: 288 subcarriers and 2 OFDM symbols for NR-PBCH seems enough to achieve less than 1% BLER at -6 dB SNR.

Observation 2: Precoder cycling within SS block for NR-PBCH transmission may suffer from degradation of channel estimation accuracy and show slightly worse performance compared with the case of no precoder cycling scheme within SS block.

Proposal 3: Same antenna port is used for NR-SSS and NR-PBCH transmission.
Proposal 4: DMRS for NR-PBCH should be mapped on every NR-PBCH symbol.

Observation 3: 2 REs per RB per symbol as DMRS density for NR-PBCH may provide the best performance.

Proposal 5: DMRS sequence design including sequence pattern and resource mapping among different cells should provide low cross-correlation property.
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Annex: Link-level simulation on NR-PBCH design 
Table 1 shows simulation assumptions for NR-PBCH evaluation, and Figure 1 shows BLER performance results for NR-PBCH. 

Figure 1(a) shows BLER performances with different number of repetition combining with PC within PBCH TTI (Alt.2 described in section 3.2) and PC within SS block (Alt.3 described in section 3.2). It is observed that transmission with PC within PBCH TTI shows better performance than that of transmission with PC within SS block. This would be because of degradation of channel estimation accuracy due to less amount of RS for each precoder resource. 
Figure 1(b) shows BLER performances with different number of repetition combining with PC within PBCH TTI and without PC. It is observed that NR-PBCH transmission without PC can achieve below 1 % BLER at -6 dB SNR condition and comparable performance with transmission with PC within PBCH TTI. 

Figure 1(c) shows BLER performances with different payload sizes in case without PC. NR-PBCH even with 96 bits payload size can achieve below 1 % BLER at -6 dB SNR condition. 

Figure 1(d) shows BLER performances with different RS density in case without PC. Larger RS density such as 4 REs per RB (12 REs) per symbol provides better channel estimation accuracy at the cost of decreased resource amount for NR-PBCH. Smaller RS density such as 1 RE per RB per symbol provides more amount of resources for NR-PBCH while channel estimation accuracy would be degraded. It is observed that at the evaluated condition, RS density of 2 REs per RB per symbol can provide the best performance.

Figure 1(e) shows BLER performances with different UE speeds in case without PC. It is observed that BLER performances are not so different thanks to DMRS on every symbol of NR-PBCH.

Figure 1(f) shows BLER performances with different delay scaling factor (DSF) in case without PC. It is observed that BLER performances are significantly degraded with DSF 1000ns.  However, in this case, NR-PBCH decoding with 4 time repetition combining can achieve below 1 % BLER at -6 dB SNR condition.
Table 1: Simulation assumptions for NR-PBCH evaluation

[image: image1.emf]Parameter Value

Carrier frequency 4 GHz

Transmission method 1-port based transmission

Data REs per PRB per symbol 11, 10 , 8

DMRS REs per PRB per symbol 1, 2, 4

Time domain allocation 2 OFDM symbol

Frequency domain allocation 24 PRBs

Sub-carrier spacing 30 kHz

Channel model CDL-C 100/1000 ns scaling

UE speed 3, 120 km/h

Channel coding TBCC

Payload size 40,  64,  96 bits

Referrence signal transmission Self-contained DMRS

Channel estimation MMSE

Receiver algorithm 2 RX MRC

Reputition 1, 2, 3, 4 times
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Figure 1: BLER performance of NR-PBCH
