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1. Introduction
In this contribution, we discuss design aspects of physical broadcast channel (PBCH). More specifically, we focus on the subcarrier spacing and multiplexing aspects of PBCH with other data/control channels, payload size, potential content, and antenna port configurations for PBCH.

2. PBCH Subcarrier Spacing and Multiplexing with Data/Control
It was agreed in RAN1 #87 that specific subcarrier spacing of PSS/SSS for a given frequency band is specified in specification. The reason was to reduce the computation complexity burden of the UE during cell search procedures. The UE will know exactly the subcarrier spacing and the sequences of PSS/SSS when performing cell search for a specific frequency layer. This means that the subcarrier spacing of PSS/SSS may be different from data/control subcarriers. Typically the subcarrier spacing for data/control subcarriers will be selected by the operator to optimize for the deployment scenario.
It is not yet determined whether the physical broadcast channels will have the same subcarrier spacing as PSS/SSS. We observed several benefits of designing PBCH to have same subcarrier spacing as data/control signals. First, benefit is the ease in multiplexing between PBCH and other data/control channels. In order to multiplexing different signals with different subcarrier spacing, guard band is required to allow inter-subcarrier interference to be minimized. Having the same subcarrier spacing and slot definitions allow efficient multiplexing between PBCH and other data/control channels. Furthermore, configuring the appropriate CP length for the PBCH will improve the network efficiency as well. PBCH is expected to carry larger payload and therefore will require more resources compared to PSS/SSS. It is much more essential to optimize the resources for PBCH compared that of PSS/SSS. Furthermore, PBCH will be decoded at the receiver by computing the LLR values of the received signals and processing them. PSS/SSS is typically detected by correlation and more robust to wrong CP length configuration compared to PBCH. 
Proposal 1: PBCH subcarrier spacing is configured to be same as subcarrier spacing of eMBB data/control channels configured in the NR cell.
It should be noted that the main motivation of PSS/SSS subcarrier spacing to be fixed in specification for a given frequency range was to avoid additional blind detection at the receiver. Therefore, it is equally important to avoid blind detection of PBCH subcarrier spacing as well. The only way to avoid blind detection of the subcarrier spacing of the PBCH is have an explicit indication of the subcarrier spacing in the SS block (excluding the PBCH itself).
Proposal 2: PBCH subcarrier spacing is explicitly indicated in the synchronization signal.

3. PBCH Payload Size and Content
System frame number (SFN) is used in several aspects of PHY/MAC layer in LTE. Most notable uses are to derive the timing relationship of additional system information (including SIB1), HARQ process, DRX, SPS, and measurement gap. So PBCH design should take into account the potential bitwidth of SFN.
One aspect of SFN that needs to be consider is the supported wrap around time of SFN. The wider subcarrier spacing of the data/control signals and fixed slot length (agreement from RAN1 #86bis), may require larger bit width of SFN compared to LTE to provide the same SFN wrap around time. Of course, this will depend on the transmission periodicity of PBCH. In case, PBCH is transmitted with a 40ms periodicity (similar to LTE), the SFN bitwidth can be kept similarly as LTE. However, it is unclear at the moment how the PBCH may be transmitted and with which periodicity. Furthermore, any DRX operations for NR will likely to be impacted by the wrap around time of the NR SFN. Therefore, further Because SFN bit width not only impacts PBCH design but MAC layer procedures, RAN1 and RAN2 needs to jointly work on defining the bit width of SFN.
Observation 1: RAN1 will require input from RAN2 on whether SFN will be required in the PBCH. If SFN is needed as part of PBCH, the potential bit width ranges of SFN for NR will be needed for further evaluation of PBCH. 
Additional aspect that impacts PBCH payload size is CRC. The CRC bitwidth is determined to meets the miss-detection, and false alarm probabilities required for the system. Overloading of information on top of CRC, such as number of antenna port indication scrambling in LTE, may cause the miss-detection and false alarm probabilities of the CRC to change. Therefore, careful analysis and comparison of different CRC bit widths and required miss-detection and false alarm probabilities should be conducted for NR.
Proposal 3: RAN1 should agree on the required miss-detection and false alarm probabilities required for PBCH. The agreements shall be used to determine the required bit width of CRC and related design for PBCH. 
4. Antenna Ports for NR PBCH
The number of antenna ports support for NR PBCH is very relevant discussion to reference signal for PBCH demodulation. In LTE, the number of antenna ports for NR PBCH was left to the UE to blindly detect it. Furthermore, depending on the number of antenna configuration for NR PBCH, the UE had to perform different receive processing. For example, in two antenna port case, receiver performed SFBC decoding, in four antenna port case, receiver performed SFBC + FSTD decoding. When the TRP for LTE had more than four antenna ports (physical antenna), antenna virtualization was implicitly assumed to enable a virtual and transparent mapping between two or four antenna port to any number of physical antenna ports. It was left to implementation on how to virtualize the antennas such that the radiated antenna pattern do not create coverage holes from un-intentional directional beamforming. 

Blind Detection of Number of Antenna Ports for NR PBCH
Blind detection of the PBCH in LTE may not have caused significant issues, as the UEs are not required to decode PBCH of neighboring cells during neighbor cell measurement for handover. Only when the UE is performing handover to the cell of interest, it performs decoding of its PBCH. For NR, it is not yet clear whether the same receive processing can be assumed. There are certainly benefits of being able to read PBCH or PBCH like information even during neighbor cell measurements, as it may contain information about beams used to transmit the NR SS, PBCH, or PBCH-like signals. 
It should be noted that blind detection of number of antenna ports for PBCH, is not related to the transmit diversity receive processing. It is related to the channel estimation of the demodulation reference signal for PBCH and the rate matching involved with different number of antenna port. For example, if the resource elements (REs) of DM-RS of PBCH is fixed regardless of number of supported antenna ports for PBCH, the receiver simply can process the received PBCH with transmit diversity processing (e.g. SFBC decoding) regardless of whether the transmitter has a single antenna or not. The gNB simply has to map the two (or four) antenna ports to the same antenna port, when it only has one. This would be equivalent to complete collapse of channel rank, where channel of the two antenna port is completely correlated and identical. Transmit diversity schemes such as SFBC does not break even under single rank channels. The only potential loss is the potential boost in channel estimation quality. If the UE had known the channel between two DM-RS (assumed at the UE to correspond to two different antenna ports) is completely correlated, it can take advantage of them and improve channel estimation performance.
In the end, blind detection of the number of antenna ports comes down to the question of whether to favor radio resource efficiency over demodulation simplification or not. 
Given the wide range of deployment scenarios and use of multi-beam techniques for NR, we believe simplifying the demodulation processing at the receiver will be far more important. Allowing an efficient receiver design may even allow far more flexible design of the overall handover procedure and RRM measurements.
Proposal 4: NR UE can assumed a fixed antenna port configuration for NR PBCH, and no blind detection of number of antenna port is mandated.

Number of Antenna Ports for PBCH
Assuming that there are no blind detection of number of antenna port is required for UEs, we would have to fix the number of antenna port(s) for PBCH. Possibly candidate is (1) one antenna port, and (2) two antenna port. We have intentionally left out three or more antenna port cases, as always assuming three or more antenna port is likely to be inefficient in terms of DM-RS overhead and may result in additional demodulation/decoding complexity for the UEs.
The antenna requirements for PBCH for above 6GHz deployment scenarios and below 6GHz deployment scenarios is likely to be varying significantly. In general, we should aim towards a unified design for all NR operational frequencies. However, we should further investigate and verify with simulations whether we can use the same design for PBCH in lower and higher frequency ranges.
Proposal 5: RAN1 should investigate further whether to support single antenna port for PBCH or two antenna port for PBCH. It is assumed that non-transparent diversity scheme (e.g. SFBC) is used for two antenna port PBCH. The exact transmit diversity scheme for PBCH is FFS.

Antenna Port Mapping for PSS/SSS/PBCH
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Figure 1. Example of three different Antenna Port (AP) sharing options between NR SSS and NR PBCH

Not only the number of antenna port(s) for each of NR PSS, NR SSS, and NR PBCH are important, but what is equally important is the antenna port mapping relationship among the three signals. The relationship between NR PSS and NR PBCH is not going to be that critical for demodulating and decoding NR PBCH, since the RF combining (i.e. SFN combining) of the NR PSS from multiple NR cells will destroy any potential uses of NR PSS as channel estimation source for demodulation of NR PBCH. However, NR SSS antenna port relation with NR PBCH is another matter. If NR SSS antenna port is shared with NR PBCH, it is very likely that NR SSS may be utilized in the channel estimation process for demodulating NR PBCH. Figure 1 shows some examples of antenna port sharing possibilities between NR SSS and NR PBCH. In the example, we assumed NR PBCH requires two antenna ports, and NR SSS requires single antenna port for option (a) and (b) and two antenna port for option (c).
Partial AP sharing and full AP sharing both has its own benefits and consequences. For example full AP sharing between NR SSS and NR PBCH when NR PBCH is two antenna ports, implies that NS SSS must be design for two antenna ports. Which will have significant impact to the design of the NR SSS and how the UE performs sequence detection of the NR SSS. In order to determine the supported option for NR, further study is needed analyzing performance benefits to decoding of NR PBCH and detection of NR SSS, transceiver complexity, and design flexibility.
It should be noted that in case the subcarrier spacing of PBCH and SSS are different, further consideration is needed on whether the channel estimation derived from SSS can be used for PBCH, and effective it would be.
Proposal 6: RAN1 should investigate further on antenna port sharing assumptions, (a) no AP sharing, (b) partial AP sharing, and (c) full AP sharing, between NR SSS and NR PBCH. 
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5. Conclusions
In this contribution, we discussed the various aspects on physical broadcast channel. Our proposals are summarized as below:
Proposal 1: PBCH subcarrier spacing is configured to be same as subcarrier spacing of eMBB data/control channels configured in the NR cell.
Proposal 2: PBCH subcarrier spacing is explicitly indicated in the synchronization signal.
Observation 1: RAN1 will require input from RAN2 on whether SFN will be required in the PBCH. If SFN is needed as part of PBCH, the potential bit width ranges of SFN for NR will be needed for further evaluation of PBCH. 
Proposal 3: RAN1 should agree on the required miss-detection and false alarm probabilities required for PBCH. The agreements shall be used to determine the required bit width of CRC and related design for PBCH. 
Proposal 4: NR UE can assumed a fixed antenna port configuration for NR PBCH, and no blind detection of number of antenna port is mandated.
Proposal 5: RAN1 should investigate further whether to support single antenna port for PBCH or two antenna port for PBCH. It is assumed that non-transparent diversity scheme (e.g. SFBC) is used for two antenna port PBCH. The exact transmit diversity scheme for PBCH is FFS.
Proposal 6: RAN1 should investigate further on antenna port sharing assumptions, (a) no AP sharing, (b) partial AP sharing, and (c) full AP sharing, between NR SSS and NR PBCH. 
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