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1. Introduction
In RAN1#88, RAN1 made several agreements for the numerology, possible maximum transmission bandwidth, transmission scheme and MIB contents on NR-PBCH as followings:
	Working assumption:
· UE assumes the same PBCH numerology as that of NR-SS

· If RAN1 will only have 30 kHz subcarrier spacing for PBCH below 6 GHz, RAN1 can discuss this WA again

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-PBCH design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 80 MHz
· For each parameter set, study whether transmission bandwidth for NR-PBCH is same or wider than that of NR-SS.
Agreements:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC.
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.

· This simply provide guidance for potential minimum and maximum value.


In this document, based on previous RAN1 conclusion, we discuss and propose the MIB contents, PBCH transmission structure, reference signal for demodulation for NR-PBCH design. 
2. NR PBCH design aspects
2.1. PBCH Contents
Based on previous RAN1 agreement and the response LS [1] from RAN2 on minimum SI delivery, it is expected that the payload size of MIB can be extended a bit compared to LTE (40bits). Payload size and the contents we have currently in mind are as follows: 
Table 1: Potential contents of NR-PBCH
	NR-PBCH IEs
	Size

	SFN
	[8] (MSB)

	Configuration for RMSI transmission

(e.g. freq. resource info, periodicity, etc.)
	 [5] for below 6GHz
[7] for above 6GHz

	CRC
	[16 or 24]

	TBD and spare
	[16-24]

	Total
	[60]


SFN:
System frame number (SFN) is used in various functions of PHY/MAC layer in LTE/NB-IoT, including timing relationship of SIs, HARQ operation, DRX, SPS, measurement gap configuration and so on. 
One point of SFN which needs to be clarified is how to define system frame for NR. Different from LTE, since in NR there are multiple numerology of the data/control signal, time duration of system frame could be variable if fixed number of slots are associated with a system frame (e.g. 10 slots for a system frame). On the other hand, if we assume a system frame has always only a fixed time duration (e.g. 10ms) regardless of subcarrier spacing, then the number of slots required for a system frame are variable depending on subcarrier spacing. Considering NR system using multiple numerology of data/control signals, former (i.e. common time duration for system frame across multiple numerology) looks simple but, it is not clear on how some functions of PHY/MAC layer in NR can be well operated using common SFN definition across multiple numerology. For example, if DRX for UE is performed based on a reference numerology selected among multiple numerology, in this case common SFN definition based on the reference numerology can be considered for DRX, while HARQ operation, SPS and measurement gap configuration using SFN can be defined using independent time duration of SFN per numerology, that is wider subcarrier spacing will provide faster SFN wrap around duration than smaller subcarrier spacing. It will cause additional bit width for SFN in MIB. So, we need to clarify what SFN definition across multiple numerology in carrier bandwidth is defined in NR.
Proposal 1: It should be clarified that what SFN definition needs to be considered in NR, especially for multiple numerology in carrier bandwidth.
Implicit indication of SFN (LSB)
In LTE, implicit indication of SFN (2bits) has been used to reduce number of SFN bits in MIB. Each instance of PBCH is associated with different scrambling sequence by using SFN mod 4. In NR, we can consider similar technique using scramble sequence in multiple SS blocks within PBCH scheduling periodicity and the different scrambling per SS block/SS burst/SS burst set can be considered for implicit SFN indication. As the other way, if coding chain of PBCH consider different redundancy version across PBCH transmission instance for better link performance via soft combining and the redundancy version is linked to SFN LSB (e.g. 2bits) then UE can obtain SFN LSB information by obtaining PBCH with given RV. So, we would like to propose two options to be considered for implicit indication of SFN in NR.
Proposal 2: It is proposed that either different scrambling or redundancy version for PBCH is considered for implicit indication of SFN in NR.

Configuration for PDSCH based remaining minimum system information (RMSI)
Currently, for the RMSI scheduling there are mainly two ways that NR-PBCH provides the control resource set configuration for common control channel or scheduling assignment directly. Considering potential large and variable RMSI payload size in NR, dynamic scheduling using control channel (i.e. PDCCH) will be beneficial for PDSCH scheduling delivering RMSI, using appropriate scheduling decision via channel condition, compared to PDSCH scheduled by NR-PBCH. So, the control resource set for common control channel search space would have to be considered to provide the scheduling information for the RMSI in PDSCH. Meanwhile, if we consider over 6GHz frequency range which would require beam sweeping, the scheduling PDSCH via PBCH directly is likely preferred due to latency issue when using PDCCH based PDSCH for RMSI. Thus, we think MIB contents may be different per frequency band range (e.g. below/over 6GHz).
For below 6GHz,

· For control resource set, NR UE may need to monitor one or more control resource set. The control resource set can compose of at least resource configuration information for both frequency and time domain. For frequency domain of control resource set, PBCH should provide the transmission bandwidth which may be associated with one numerology or multiple numerology. Simple way is to assume only one subcarrier spacing for a control resource set. For time domain, some periodicity, time offset or occasions could be indicated in PBCH. In addition, each of control resource sets may be associated with types of common control (paging, random access, system information, etc.) and related numerology.
For over 6GHz,
· As mentioned, it is preferred to provide immediate scheduling information of PDSCH with RMSI via PBCH. In this case, to reduce number of bits in MIB, part of the scheduling information of PDSCH (periodicity, occasion, MCS or TBS) could be fixed via the specification.
2.2. PBCH scheduling and transmission periodicity
For LTE, MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames. The MIB is transmitted on BCH.

For the BCH carried on PBCH of LTE, the transport block size is 24 bits, and the number of CRC bits attached is L=16 bits. Hence the information block size at the input to the TBCC encoder is 40bits. The 40 bits are encoded by the rate 1/3 tail-biting convolutional codes to obtain 120 bits, NPBCH=120. After repetition, the number of bits transmitted on the physical broadcast channel (PBCH) equals 1920 for normal cyclic prefix and 1728 for extended cyclic prefix. 
For NB-IoT, the MasterInformationBlock-NB (MIB-NB) uses a fixed schedule with a periodicity of 640 ms and repetitions made within 640 ms. The first transmission of the MIB-NB is scheduled in subframe #0 of radio frames for which the SFN mod 64 = 0 and repetitions are scheduled in subframe #0 of all other radio frames. The transmissions are arranged in 8 independently decodable blocks of 80 ms duration.

For BCH transport block carried on NPBCH of LTE NB-IoT, the transport block size is 34 bits, and the number of CRC bits attached is L=16 bits. Hence the information block size to the TBCC encoder is 50 bits. The 50 bits are encoded by the rate 1/3 tail-biting convolutional codes to obtain 150 bits, NNPBCH=150. After repetition, the number of bits transmitted on the narrowband physical broadcast channel (NPBCH) equals 1600 bits, with each of the self-decodable blocks carrying 200 bits. 
We think a similar principle can be considered for NR according to NR-SS structure as well.
For NR, the payload size of NR-PBCH are to be decided based on further discussion. If NR-PBCH payload size is extended that of MIB in LTE, then we expect it may be in the range around 60 bits. As part of the system control information for initial access, the performance of channel coding scheme for minimum system information in NR-PBCH is crucial. The overall target SNR should be lower than that of any DCI in all scenarios, and better BLER performance of minimum system information can allow larger cell coverage. 
Table 2: Examples of potential PBCH coding scheme of NR

	
	LTE
	Example of NR#1
	Example of NR#2

	Transport Block (A)
	24 bits
	48 or 40bits
	48 or 40bits

	CRC bits (C)
	16 bits
	16 or 24bits
	16 or 24bits

	Information Block (K)
	40 bits
	64 bits 
	64 bits

	Min self-decodable blocks (N)
	480 bits 

(coding rate=1/12)
	512 bits (K*CR)

(coding rate=1/8)
	1152 bits (K*CR)

(coding rate=1/18)

	Coded bits in one periodicity
	1920 bits 

(coding rate=1/48)
	512*T bits
(coding rate=1/(8*T))
	1152*T bits
(coding rate=1/(18*T))

	# of modulated symbols per one Tx instance
	40REs * 6RBs = 240 symbols 
	12REs*12RBs*2 = 288 symbols
	12REs*24RBs*2 = 576 symbols

	Schedule periodicity
	40 ms
	10 20, 40 or 80ms
	10 20, 40 or 80ms


As comparison, Table 2 shows some examples of potential PBCH coding rate and scheduling/transmission periodicity of PBCH in NR, compared to LTE. It assumes that MIB payload size (transport block in BCH + CRC) is approximately 64 bits. Min. self-decodable block which needs to be designed for allowing one shot detection is also calculated based on some coding rates considered in this examples, that will be determined by evaluation results in channel coding design of PBCH [2]. Within one PBCH scheduling periodicity (e.g. 40ms in LTE), there are multiple PBCH transmissions (e.g. 10ms in LTE) using multiple SS blocks for NR as well and thus, we need to clarify how many PBCH transmissions are at least allowed during PBCH scheduling periodicity considering possible soft combining and resulting coding rate. One example is illustrated in Figure 1 where there are some SS blocks and SS burst to be used for NR-SS and NR-PBCH, and there are multiple SS burst set periodicity during PBCH scheduling periodicity since change of MIB is not frequent than time duration for beam sweeping in case of multi-beam scenario. In NR, it is understood that actual usage of SS blocks will be determined by a gNB so that the gNB has flexibility of using SS blocks based on target beam coverage, gNB capability, TRP frequency band and channel condition. And if it is assumed PBCH is always transmitted with NR-SS per every SS block used, the PBCH transmission instance could be variable due to actual usage of SS blocks and thus we need to consider it for PBCH coding chain of given MIB. First of all, we need to decide whether at least both NR-SS and NR-PBCH in a SS block should be always together transmitted if gNB selects the SS block for those. In our view, as long as NR-SS is determined to transmit in a SS block by gNB then NR-PBCH should be also transmitted since it will help simple UE implementation by assuming that once a UE detects NR-SS for estimation of timing and frequency offset as well as cell ID detection, PBCH is also detected for obtaining MIB immediately always without the other considerations. And NR-SSS may be better than DMRS for demodulation of PBCH in terms of RS overhead and be likely transmitted over the same antenna port(s). 
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Figure 1. PBCH transmission in SS blocks per scheduling periodicity
The followings are our proposal:
Proposal 3: It is proposed to clarify relationship between SS burst/SS burst set and PBCH scheduling periodicity. And it is preferred that PBCH scheduling periodicity is multiple of SS burst/SS burst set periodicity.
2.3. Soft combining of multiple transmissions
As discussed in above, NR-PBCH can be transmitted with PSS and SSS in a SS block. One or multiple SS block(s) compose an SS burst. The UE may assume that a given SS block is repeated with a SS burst set periodicity, and NR-PBCH contents in a given repeated SS block may change or not. We think it is more important to allow soft combining of multiple transmission using multiple repeated SS blocks during PBCH scheduling periodicity. Moreover, it is also useful to enable UEs to detects multiple SS blocks within a SS burst on top of repeated transmission over multiple SS burst set periodicity during PBCH scheduling periodicity. Note that it is not sure that some contents in MIB even across SS blocks such as SS block index may be changed in terms of soft combing. Of course, in this case advanced UE receiver may enable soft combining over consecutive SS blocks even if the SS block index is for example changed over the SS blocks[3]. However, it is not free and require additional detection complexity and may mandate all NR UEs need to be equipped.
For better soft combining, redundancy version (RV) can be supported for multiple repeated PBCH instances. The IR-HARQ soft combining can improve PBCH detection performance by doing soft combining across multiple SS blocks during PBCH scheduling periodicity and the RV may be also used for indication of SS block index or SFN LSB bits if supported.
Proposal 4: Enable UE to combine NR-PBCHs transmitted in different SS blocks within the same and in different SS burst and SS burst set during an NR-PBCH scheduling periodicity. It should be discussed how to enable repetition and/or multiple RVs over PBCH transmission instances.
2.4. Numerology between SS and PBCH
In previous meeting, it is agreed that numerology between NR-SS and PBCH is same as working assumption. One of main motivation of using different numerology (e.g. subcarrier spacing) is to align subcarrier spacing of PBCH and data/control signals in order to avoid insertion of guard band for inter-subcarrier interference [4]. In our view, it is not sure how much resource efficiency will be improved by considering different subcarrier spacing and we think there should be a default subcarrier spacing used for both NR-SS and NR-PBCH which satisfies requirement of NR-SS and NR-PBCH within a certain frequency range. Moreover, the robustness of PBCH detection should be more prioritized than resource efficiency to provide wider cell coverage based on better timing accuracy and residual frequency offset.
Proposal 5: Working assumption should be confirmed that the same subcarrier spacing is used for NR-SS and NR-PBCH per every frequency range.

2.5. Reference signal for PBCH demodulation

For demodulation of PBCH, either NR-SSS or DMRS is considered in NR. When transmission diversity is applied together with NR-SSS, the number of physical cell IDs will have to be reduced due to the support for dual port NR-SSS transmission in a given sync bandwidth. Additionally, the bandwidth of NR-PBCH may be different from that of NR-SSS in over 6GHz frequency band range, which implies that using NR-SSS as DMRS of NR-PBCH is infeasible. However, it is quite dependent upon NR-SS sequence design and at least RS overhead point of view NR-SSS still be valid option for DMRS of PBCH, since it was agreed that NR-SSS and PBCH is TDM not FDM.
Proposal 6: it is slightly preferred to use NR-SSS for PBCH demodulation.
2.6. NR-PBCH mapping in SS block
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Figure 2. PBCH multiplexing with NR-SS in a SS block
When TDM scheme is used, we have the possibility to reduce or eliminate the DM-RS for PBCH and therefore can improve the performance of PBCH by sending more REs without DMRS for PBCH. Furthermore, the PSS/SSS can be potentially designed such that it is equal to the minimum system bandwidth, and therefore improving the detection performance of PSS/SSS. In the other way, as illustrated in Figure 2, NR-SSS minimum system bandwidth may be larger than that of PSS due to larger number of hypothesis (i.e. around 1000 as agreed) and potential multiple antenna ports for PBCH demodulation if supported. Furthermore, TSS used for indication of SS block index can be thus FDM with PSS in same OFDM symbol and allow balanced frequency resource usage within a SS block. We think to indicate SS block index by NR-SSS or NR-TSS is preferable than just relying on explicit or implicit indication of PBCH as discussed in our companion document[5].
Proposal 7: NR support SS structure where NR-PBCH is multiplexed with the NR-PSS, NR-SSS and NR-TSS, and NR-PSS and NR-TSS is multiplexed in FDM manner. 
3. Conclusion
In this contribution, we discussed on NR-PBCH design options. Our proposals are as follows:

Proposal 1: It should be clarified that what SFN definition needs to be considered in NR, especially for multiple numerology in carrier bandwidth.
Proposal 2: It is proposed that either different scrambling or redundancy version for PBCH is considered for implicit indication of SFN in NR.

Proposal 3: It is proposed to clarify relationship between SS burst/SS burst set and PBCH scheduling periodicity. And it is preferred that PBCH scheduling periodicity is multiple of SS burst/SS burst set periodicity.

Proposal 4: Enable UE to combine NR-PBCHs transmitted in different SS blocks within the same and in different SS burst and SS burst set during an NR-PBCH scheduling periodicity. It should be discussed how to enable repetition and/or multiple RVs over PBCH transmission instances.

Proposal 5: Working assumption should be confirmed that the same subcarrier spacing is used for NR-SS and NR-PBCH per every frequency range.

Proposal 6: it is slightly preferred to use NR-SSS for PBCH demodulation.
Proposal 7: NR support SS structure where NR-PBCH is multiplexed with the NR-PSS, NR-SSS and NR-TSS, and NR-PSS and NR-TSS is multiplexed in FDM manner. 
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