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1 Introduction

In RAN1#87, the following were agreed [1]:
· 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
· 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
· 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

In this contribution, the physical channel design of PBCH including numerology, multiplexing with synchronization signal in a SS block, DMRS for PBCH etc. are discussed and some evaluations are also given. 
2 PBCH Design
In this section, the physical channel design of PBCH, e.g., numerology, multiplexing, DMRS for PBCH etc. are discussed. 
2.1 Discussion on numerology and bandwidth

To enable detection of PBCH based on fixed relationship with PSS/SSS while avoiding increased detection complexity with different subcarrier spacing, it is desirable to adopt the same subcarrier spacing for PBCH and PSS/SSS, leading to the following proposal:
Proposal 1: Apply the same subcarrier spacing for PBCH and PSS/SSS. 
2.2 Multiplexing of PBCH and SS
2.2.1 FDM of PBCH and SS

In FDM, PBCH is transmitted with the same beam as PSS/SSS in the same OFDM symbol. It will fully reuse the frequency resource especially for above 6GHz band, where the bandwidth is much larger than the sub 6GHz band. 

Furthermore, if bandwidth is large enough, it could also be used to transmit other signals, especially some signals needs broadcasting, e.g., paging signal. Note that for multi-beam based communications in above 6GHz band, the other signal is not desirable to transmit UE specific payload data, since we need to consider the TRP beamforming capability. Assuming that TRP could transmit M=6 concurrent beams in 6 IRF chains, total 24 beams are needed for the whole cell coverage. Each PBCH/PSS/SSS occupy 200 REs. If assuming all the concurrent 6 beams are used for SS and PBCH transmission, it needs to scan 24/6=4 OFDM symbols, and covering 4*200=800 REs for SS and PBCH. This will cause large overhead for PBCH/SS transmission. As a result, it is desirable to let all the possible antennas for PBCH/SS transmission at the same time. Such beams are normally wide beams which are more desirable to transmit the signals need broadcasting. Note that, multiplexing of multiple signals in frequency domain will increase the PAPR and reduce the power boosting capability, which may influence the cell coverage. However, to fully realize the spectrum, it is desirable to multiplex other signals with BCH/SS in the frequency domain if the coverage target could be satisfied. Furthermore, if DL signal (e.g., SS) need power boosting for coverage, UL RACH is a bigger issues and msg2 transmission also need to consider carefully.                      
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Figure 1 FDM of PBCH and SS
2.2.2 TDM of PBCH and SS

In TDM, PBCH transmitted with the same beam as PSS/SSS in different OFDM symbols. It will fully reuse the PSS/SSS signal as the RS for PBCH demodulation. 

Furthermore, as described in the FDM case, it is also desirable to let all the possible antennas for the PBCH/SS transmission at the same time. Specifically, Assuming that TRP could transmit M=6 concurrent beams in 6 IRF chains, total 24 beams are needed for the whole cell coverage. Each PBCH and SS occupies 100 REs respectively. If assuming all the concurrent 6 beams are used for SS and PBCH transmission, it needs to scan 24/6*2=8 OFDM symbols, and covering 8*100=800 REs for SS and PBCH. It will also cause large overhead for PBCH/SS transmission. 

Note that for TDM case, it will cost more OFDM symbols with the full antennas for PBCH/SS transmission than the FDM case. Specifically, as the indicated example, it will costs 8 OFDM symbols in TDM case, and only 4 OFDM symbols in FDM case. The additional 4 OFDM symbols in FDM case could use the whole antenna resources by the gNB, which could increase the system efficiency.
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Figure 2 TDM of PBCH and SS
2.2.3 Comparisons

The comparison of FDM and TDM is based on the same numerology with the same CP overhead, where the robustness to the channel is the same. Figure 3 illustrates the evaluation configurations for TDM and FDM based on the above discussions. Specifically, two ports’ SFBC scheme is considered, where the density of RS is 2/12 or 4/12 respectively for FDM. In TDM, two repetitions of SSS sequence and OCC are used [2], and hence additional 6RBs are used when compared with LTE. The detailed evaluation assumptions are given in appendix. The BLER performance comparison is given in Figure 4.
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Figure 3 Evaluation configurations for TDM and FDM
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Figure 4 BLER performance comparison for TDM and FDM

Table 1. Comparisons between FDM and TDM of PBCH and SS

	Aspects
	FDM
	TDM
	Comments

	System Efficiency
	Better
	Worse
	Leaving more symbols with full antennas. TDM is much worse if no FDM with other signals.

	BLER
	Better
	Worse
	Frequency diversity for FDM

	PAPR
	Same
	Same
	FDM with other signals

	
	Worse
	Better
	No FDM with other signals


Based on the above discussion, the comparison between FDM and TDM of PBCH and SS is given in Table 1, and we have following proposal.
Proposal 2: FDM of PBCH and SS should be considered as the first priority, and TDM should also be considered if the minimum UE bandwidth is not enough for FDM.
As discussed in above section, when we consider various scenarios and requirements in NR, the flexible multiplexing between PBCH and SS can be further studied. And a flexible configuration for FDM and TDM dependent on different use cases is also not precluded.
2.3 Demodulation reference signal of PBCH 

In an ‘SS block’, PBCH and SS can be multiplexed in FDM/TDM manner as discussed in above section. 
Irrespective of multiplexing type, same beam association can be assumed between SS and broadcast channel in a SS block. And SFBC with two/four ports could be applied to PBCH to enhance the robustness especially for beam based transmission. Thereby at least 2 ports for demodulation reference signal of broadcast channel should be considered in NR. 
In order to simplify RS design and reduce the resource overhead especially for the case of large beam based transmission, reusing beamformed synchronization signal as the demodulation reference signal of broadcast channel should be considered in NR. For example, SSS can be repurposed to provide demodulation reference for PBCH with 2 ports. Two different SSS sequences corresponding to 2 ports of PBCH need to be assumed in this case. The two SSS sequences point to the same cell ID.  UE can search blindly for the first SSS and then once it successfully detects this first SSS sequence, the next SSS sequence can be combined with it according to this first SSS sequence. Thereby the complexity of the receiver would not go up. In addition, in order to reduce the resource overhead of SSS, the two SSS sequences for two ports of PBCH can be multiplexed in CDM manner.     

An example for this multiple ports’ SS design can be found in Figure 5, wherein two ports’ SS locate in the adjacent symbols of broadcast channel. And red color and blue color represents different beams separately in the figure.
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Figure 5  An illustration of multiple ports’ SS  
Proposal 3: Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR.
3 SI transmission

3.1 On demand SI transmission
For multi-beam operation, the broadcast signal/channel needs to be beam swept in the targeted coverage area. To reduce the overhead incurred by beam sweeping, as a baseline, it is suggested to include both of SS (i.e., PSS and SSS) and PBCH in each of SS blocks, where (part of) minimum information necessary for UE to perform initial UL transmission (not limited to PRACH) are provided. In this way, PBCH shares the same periodicity as the SS burse set, and the delay between the detection of SS and PBCH can be reduced/minimized, and if properly designed, SS may serve as DM-RS for PBCH. 
As discussed in [3], the first layer with a default periodicity is the always-on beams for SS and essential SI, but with relatively long periodicity. Based on the counted distribution of active UEs, the network can further allocate additional resources to transmit on-demand SS and essential SI with short updated periodicity for the beams with high density of UEs, which consists of the second layer of SS blocks. In this layer, the beams where no or limited number of UEs was detected can be turned off, with which the overhead for broadcast signal/channel can reduced compared with the case with increased density for the first layer of SS blocks. 
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 Figure 6 Illustration of different transmission schemes for broadcast signal/channel

Proposal 4: On-demand transmission of broadcast channel and essential system information to reduce the overhead for broadcast signal/channel should be supported in NR.
3.2 Reliability consideration of SI transmission
An observation from the above 6GHz channel model study item is that the channel will be affected by the blockage effect, caused by moving or static objects. This blockage issue may greatly impact the channel quality of a radio link. Therefore, it is necessary to study robust transmission schemes to overcome the blockage effect at high frequency bands.
In order to alleviate this blockage issue, multi-beam association can be considered for beam based access procedure. UE simultaneously maintain multiple connections with different beams as shown in Figure 7. Some of the beams may not be used for transmission, but just for backups. For example, UE can measure and select multiple SS resources with different beams to keep the coarse time/frequency synchronization. Furthermore, for a UE, multiple preambles can be simultaneously transmitted to overcome the impact of UE’s rotation or mobility as shown in the right part of Figure 7.  
 

Figure 7 Illustration of multi-beam association
In LTE, it allows for maximum four times combination for the PBCH transmitted in consecutive four frames to boost the receiving performance of PBCH. Analogous to LTE, in the NR, to further improve the robustness of transmission in beam based access, combination of signal/information with different beams can be considered as shown in Figure 8. The combined scheme can be applied to multiple broadcast channels with different beams. It can also be applied to multiple system information with different beams. Considering that the content of system information for different beam may be different. Thereby combination indication information is needed, e.g. this indication information can be carried by broadcast channel. 




Figure 8 Illustration of multi-beams’ signal combination 
Based on the above discussions, we have the following proposals:
Proposal 5: The combination of broadcast channel/system information from multiple beams should be supported to overcome the blockage issue in NR. 
4 Summary of proposals
In this contribution, the physical channel design of PBCH and corresponding evaluation are given and analyzed. The proposals in this paper are summarized as follows:
Proposal 1: Apply the same subcarrier spacing for PBCH and PSS/SSS. 
Proposal 2: FDM of PBCH and SS should be considered as the first priority, and TDM should also be considered if the minimum UE bandwidth is not enough for FDM.
Proposal 3: Synchronization signal used for the demodulation RS of broadcast channel should be considered in NR.
Proposal 4: On-demand transmission of broadcast channel and essential system information to reduce the overhead for broadcast signal/channel should be supported in NR.
Proposal 5: The combination of broadcast channel/system information from multiple beams should be supported to overcome the blockage issue in NR. 
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6 Appendix

The detailed evaluation assumptions are given in following table.
Table 2. Evaluation assumptions for comparison of FDM and TDM
	Parameters
	FDM
	TDM

	Carrier frequency
	30G
	30G

	SC spacing
	60k
	60k

	Channel
	CDL-C
	CDL-C

	Delay spread
	300ns
	300ns

	Beamforming pattern
	DFT vector
	DFT vector

	TRP antennas
	(8, 4, 2)
	(8, 4, 2)

	UE antennas
	(2,4,2)
	(2,4,2)

	PBCH BW 
	24 RB
	12 RB

	Channel coding
	Polar
	Polar

	Coding rate
	1/3
	1/3
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