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1. Introduction
In RAN1#87, NR initial access signals and channel related issues were discussed, and NR-PBCH related agreements were made as following [1, 2]: 
	Agreements:

· Companies are encouraged to report, propose and evaluate following design parameters of NR-PBCH until next meeting

· Payload size

· Overhead of PBCH including dedicated DMRS (time/frequency/port resource amount)

· RS for demodulation, e.g., NR-PSS, NR-SSS or  dedicated DMRS or mobility RS

· Transmission scheme, e.g., MCS, transmit diversity

· Periodicity

· Resource mapping/multiplexing within SS block(s)

· Companies are encouraged to report their own evaluation assumptions

· Following target requirements should be taken into account in the NR-PBCH design

· Detectable at low received baseband SNR condition such as [-6] dB

· Note: it does not mean NR-PBCH should be detectable by one-shot
· Companies report the BLER used, timing assumption used and frequency offset used.
· Following can be considered for study purpose, e.g.,
· Combining NR-PBCH across SS blocks within X ms 

· FFS: Value of X ms

· Use of PBCH for frequency offset estimation and necessity of use of the PBCH for frequency offset estimation is also a part of the study

	Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI
Agreements:
· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information

· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)
· Information necessary to receive remaining minimum system information is provided after initial UL transmission

· Other examples are not precluded


In this contribution, we discuss on NR PBCH design and secondary broadcast channel.
2. Discussion
NR PBCH Design Target and Approach
NR system should be designed to operate on extremely different environment (e.g. extremely large coverage, very high speed, wide range of frequency band, etc.). Also, essential information to access network should be delivered to any UEs. If it is desired for NR system to meet at least LTE coverage, we can design NR-PBCH based on the assumptions, which is to provide similar coding rate with LTE PBCH and to follow similar design way (e.g. Self decoderable, Spread over multiple subframe, Similar RS overhead). Different with LTE system, NR system is operated by single-beam and multi-beam operation. In the multi-beam operation, beam sweeping is considering for initial access related channel/signal delivery. On the other hand, it is desirable to limit beam sweeping instances. So, NR could approach to use less resource elements based on assumption of less information bit size for MIB. In the aspects above, we provide a possible list for NR-PBCH design as follows:
· MIB bit size: less than 40bits (e.g. 20bits = 12bits (information) + 8bits (CRS))

· Coded bits: 980bits (in order to provide similar coverage with LTE)
· Channel Coding Scheme: TBCC

· Modulation Scheme: QPSK

· Occupied Resource Elements (REs): 120REs (= 72 x 2 – 24)
· Periodicity: 10ms 

· Transmission scheme: 

· Option 1: Single antenna transmission scheme

· Option 2: Transmit diversity scheme (e.g. SFBC)

· Reference Signal: 

· Option 1: Synchronization Signal (e.g. SSS)
· Option 2: Self-contained DMRS

· Option 3: MRS-1 included in PBCH

· Note: Assume to use Cell-ID based scrambling

NR-PBCH Design Example
As shown in above design guide, we assumption that NR-PBCH provides 120RE, which means 24RE can be used for DMRS within 6RB and 2 OFDM symbols. Based on the assumption that adjacent two REs are used for DMRS in order to facilitate RE pairing for two antenna port based transmit diversity, we illustrate a design example for NR-PBCH as below:
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Figure 1. Design Example for NR-PBCH
Multiplexing of NR-SS and NR-PBCH 

In RAN1#86bis, it was agreed that NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within a ‘SS block’. TDMed SS can be provide a benefit in terms of lower complexity of timing detection and faster acquisition for Cell-ID compare with FDMed SS. Based on the assumption that NR-PSS and NR-SSS are TDMed, we can consider three alternatives for composition of NR-SS and NR-PBCH as follows: 
· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)
· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)
· Option 3: NR-SS and NR-PBCH are FDMed. 

For option 1, same bandwidth is assumed for NR-PSS, NR-SSS and NR-PBCH, where longer time duration is required for NR-PBCH transmission. For option 2, it is assumed that NR-PBCH has wider bandwidth than NR-SS, where NR-PBCH can obtain frequency diversity gain. For option 3, two OFDM symbols are assigned for ‘SS block’, where NR-PBCH is located at adjacent subbands. Figure 2 depicts three options of composition of NR-SS and NR-PBCH.
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(a) TDM with SS (Same bandwidth)  (b) TDM with SS (Different bandwidth)  (c) FDM with SS
Figure 2. Composition of NR-SS and NR-PBCH
Proposal 1: Based on the assumption of TDMed SS, following three options can be considered for composition of ‘SS block’ 

· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)

· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)

· Option 3: NR-SS and NR-PBCH are FDMed. 

Considering on the assumption to use 15kHz or 30kHz subcarrier spacing for below 6GHz, three options shows that transmission bandwidth containing NR-SS/NR-PBCH is not exceed 5MHz. For design commonality, these options could be applied to below 40GHz. If 120kHz or 240kHz subcarrier spacing of ‘SS block’ is assumed for below 40GHz, three options shows that transmission bandwidth containing NR-SS/NR-PBCH is not exceed 40MHz.
Proposal 2: When it is assumed to introduce max 30kHz subcarrier spacing of ‘SS Block’ for below 6GHz and max 240kHz subcarrier spacing of ‘SS block’ for below 40GHz,
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 40MHz
In order to keep detection complexity for NR-PSS and provide robustness against frequency offset in initial detection step, it can be assumed that NR-PSS and NR-SSS have same bandwidth, but NR-PSS subcarrier spacing is wider than NR-SSS [4]. Also, in order to facilitate same FFT size for NR-SSS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
Proposal 3: For multiplexing of NR-SS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
Remaining minimum SI (system information) transmission
In the previous meeting, RAN1 has discussed on the minimum system information delivery procedure for the purpose of getting accessed to the network. Companies have different views on this. One of the key issues was that whether the minimum SI can be delivered to UEs on-demand manner, which might have great impact on the design of PBCH and other channel for system information delivery. In our understanding, minimum SI is periodically broadcasted based on the RAN2 agreements though RAN1 has to wait until RAN2 send out reply RS on this issue. As long as the minimum SI needs to be broadcasted periodically, the PBCH will carry part of minimum SI periodically considering the potential size of it. 
Then, the next step is how to deliver rest of the minimum SI. Still, RAN1 has several options the way of delivering rest of the minimum SI; to define a new channel as secondary PBCH(s-PBCH) or to deliver the information within a data channel. As the PBCH is beam-swept transmitted and the rest of the minimum SI should also be beam-swept since the information is the essential information for UE to access a network. 

If NR defines a new channel for the remaining SI, namely sPBCH, the sPBCH can be multiplexed within the SS block with different periodicity from the PBCH periodicity. Depending on the size of the sPBCH, another round of beam sweeping for sPBCH transmission may be required, while this may cause network inefficiency. 

On the other hands, the remaining SI is delivered by other channel, e.g. NR-PDSCH, we have to consider some more details on this. Beam swept transmission is necessary whatever channel to use for the minimum SI delivery. However, with this method, there can be options whether a set of (DCI+PDSCH) is beam swept or a set of DCI only beam swept and the DCI provides the scheduling information of the PDSCH. In terms of network efficiency, DCI-only beam sweeping multiplexed within SS block can be better option since we do not necessarily assign additional beam-sweeping round for this. 

However, the optimal design whatever options to use among the above is highly dependent on the payload size, which will be provided from RAN2 and whether UL access information can be delivered by PBCH. Whole PBCH and the way of delivery for the remaining minimum SI should be studied based on the PBCH performance and minimum SI size. 
3. Performance Evaluation
For the performance evaluation, we provide the performance of LTE PBCH as a baseline. Similar with periodicity of LTE PBCH, we assume 10ms periodicity for NR PBCH and 4 times repetition in time domain. Also, it is assumed that PBCH is self-decoderable in each subframe, and LLR combining is operated for decoding of repeated PBCH symbol. In this evaluation, we provide the performance result according to MIB bit size and time/frequency resource for PBCH transmission as below: 
· Group 1 for NR PBCH: 

· 12RBs with 2 symbols for 40bits

· 6RBs with 2 symbols for 20bits

· Group 2 for NR PBCH

· 24RBs with 2 symbols for 40bits
· 12RBs with 2 symbols for 20bits

Group 1 for NR PBCH design has similar coding rate with LTE PBCH. On the other hand, twice time/frequency resources are assigned for Group 2 for NR PBCH. In this simulation, 2Tx SFBC is assumed with same DMRS overhead for both LTE PBCH and NR PBCH. In figure 3 and 4, PBCH performances are shown according to wireless channel environment.
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Figure 3. PBCH performance under EPA 3km/h
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Figure 4. PBCH performance under ETU 3km/h
As shown in figure 3 and 4, Group 1 (NR design with same overhead of LTE PBCH) has performance degradation due to channel estimation performance loss. When same DRMS overhead with LTE PBCH is considered, it is shown that more time/frequency resources for NR PBCH transmission are necessity to meet similar PBCH coverage with NR. 
In figure 5, we provide PBCH performance with residual frequency offset after frequency offset estimation using synchronization signal in initial access. In the simulation, we assume 1.5kHz frequency offset which is about 10% of SCS 15kHz.
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Figure 5. PBCH performance with residual frequency offset
From the simulation result, we can observe that NR PBCH design could operate at the case with residual frequency offset. It shows a possibility that self-contained DMRS at first OFDM symbol in NR PBCH could be used for data demodulation of 2nd OFDM symbol without residual frequency offset compensation.
In figure 6, we provide PBCH performance comparison for single OFDM symbol and two OFDM symbol based PBCH design.
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Figure 6. PBCH performance comparison (Single OFDM symbol vs. Two OFDM symbols)
In this simulation, since we assume maximum 5MHz bandwidth for PBCH transmission, 24RB is assigned for 1symbol based PBCH transmission. If we compare 24RB with 1 symbol for 40bits and 24RB with 2 symbols for 40bits, about 2.5dB performance gap is observed. Also, compared with LTE design, 1 symbol based design shows about 2dB performance loss. So, we can see that when maximum 5MHz bandwidth is assumed for PBCH transmission, 1 symbol based PBCH design is not enough to achieve the required coverage.
Observation 1: Self-contained DMRS in PBCH provide robust performance against residual frequency offset.
Observation 2: When maximum 5MHz bandwidth for PBCH transmission is assume, at least two OFDM symbols are necessity to meet the required coverage.

Proposal 4: NR supports that NR PBCH bandwidth is wider than NR SS bandwidth.
4. Conclusion
In this contribution, we discussed on NR-PBCH and secondary broadcast channel. From the discussion, we propose as follow:

Proposal 1: Based on the assumption of TDMed SS, following three options can be considered for composition of ‘SS block’ 

· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)

· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)

· Option 3: NR-SS and NR-PBCH are FDMed. 

Proposal 2: When it is assumed to introduce max 30kHz subcarrier spacing of ‘SS Block’ for below 6GHz and max 240kHz subcarrier spacing of ‘SS block’ for below 40GHz,
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 40MHz
Proposal 3: For multiplexing of NR-SS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
Proposal 4: NR supports that NR PBCH bandwidth is wider than NR SS bandwidth.
Observation 1: Self-contained DMRS in PBCH provide robust performance against residual frequency offset.

Observation 2: When maximum 5MHz bandwidth for PBCH transmission is assume, at least two OFDM symbols are necessity to meet the required coverage.
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Appendix
Table 1. Simulation Assumptions

	Parameter
	Value

	Carrier Frequency
	4GHz

	Channel Model
	ePA (3km/h), eTU (70km/h)

	System Bandwidth
	5MHz

	PBCH
	LTE: 6RB with 4 symbols

NR Alt.1: 12RB with 2 symbols

NR Alt.2: 24RB with 2 symbols

NR Alt.3: 24RB with 1 symbols

	DMRS
	NR Alt.1~3: 2RE per port per PRB

Alt. 3: 1RE per port per PRB

	Transmission Bits
	20bits, 40bits

	PBCH Periodicity
	10ms

	PBCH Repetition
	4 times in time domain (every 10ms)

	Subcarrier Spacing
	15 kHz

	Antenna Configuration
	2Tx & 2Rx

	Transmission Scheme
	SFBC

	Channel Estimation
	Real Channel Estimation 

	Modulation Order
	QPSK

	Coding Scheme
	TBCC
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