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Introduction
[bookmark: OLE_LINK3]During RAN1 #86bis meeting, the following conclusions on NR-PBCH were drawn [1]
· NR defines at least one broadcast channel: NR-PBCH
· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered
· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information
· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1
· [bookmark: OLE_LINK4]Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
In this contribution, we will discuss considerations on NR-PBCH design and minimum system information (minimum-SI or essential system information) transmitted in NR-PBCH.
Considerations on NR-PBCH Design
Selection of subcarrier spacing of NR-BPCH should consider the impact of phase noise and residual frequency offset. Additionally, larger subcarrier spacing will result in shorter CP length which implies higher requirement of NR-SS timing accuracy and poorer performance against multipath channel. Phase noise, frequency offset and delay spread of radio channel are highly related to carrier frequency, therefore there should be a default subcarrier spacing which satisfies requirement of NR-SS and NR-PBCH within a certain frequency range. Furthermore, the performance of NR-SS should satisfy the requirement of these physical channels/signals for e.g. timing accuracy and residual frequency offset.
Proposal 1: The same default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range
It is agreed in #86bis meeting that NR-SS and/or NR-PBCH are transmitted within a ‘SS block’ [1]. When beam sweeping and/or power boosting are applied, ‘SS block’ cannot be utilized for data transmission. Then how to reduce the overhead incurred by ‘SS block’ is an important issue. Therefore, it is highly desirable to shorten the duration of ‘SS block’ and to make use of the frequency resource as much as possible. In this sense, the bandwidth of NR-PBCH should equal the minimal system bandwidth if NR-PBCH is multiplexed with NR-SS in TDM manner [3]. Moreover, minimal capability of UE’s bandwidth should also be taken into account. As a result, the bandwidth of NR-PBCH should be min{minimal system bandwidth, minimal UE bandwidth capability} for a certain frequency range. 
As discussed in our companion contribution [2], in order to reduce complexity of initial synchronization, the bandwidth for NR-SS should be as small as possible when it satisfies timing accuracy requirement of the channel(s)/signal(s) used during initial access. So bandwidth of NR-PBCH may be different from that of NR-SS.
[bookmark: OLE_LINK5]Proposal 2: the bandwidth of NR-PBCH should be min{ minimal system bandwidth, minimal UE bandwidth capability } for a certain frequency range if NR-PBCH is multiplexed with NR-SS in TDM manner.
In order to reduce the complexity of blind detection, NR-SS may only use one antenna port. While for NR-PBCH, multi-antenna diversity technique can be considered for performance enhancement. Additionally, as discussed above, the bandwidth of NR-PBCH may be different from that of NR-SS, which implies that using NR-SSS as DMRS of NR-PBCH is infeasible. Therefore, it is suggested to use DMRS for NR-PBCH demodulation, which allows higher flexibility in the NR-PBCH design.
Proposal 3: use DMRS for NR-PBCH demodulation.
Minimum-SI in NR-PBCH
In LTE, minimum-SI is mapped to two physical channels, i.e. PBCH and PDSCH. PBCH usually uses fixed time/frequency resources and MCS (Modulation and Coding Scheme) so that a UE can detect PBCH without any system information. Hence, the payload of minimum-SI (i.e. MIB) carried in PBCH is fixed and has poor extendibility. Furthermore, due to the absence of AMC (Adaptive Modulation and Coding) and adaptive resource allocation, PBCH has to be designed to satisfy the requirements of the worst-case scenario. Therefore, low transmission efficiency is expected in better scenarios. The payload size of PBCH should be as small as possible and only the minimum-SI related to PDSCH detection is transmitted via PBCH. On the contrary, minimum-SI carried in PDSCH has good extendibility. The MCS and amount of resources can be adapted to different situations (e.g. propagation environment and/or coverage). Most of the minimum-SI is carried in PDSCH.
Similar considerations are also applicable to NR. Carrying all minimum-SI for initial access in NR-PBCH is not desired. So, it is suggested that NR-PBCH should only carry a part of minimum-SI related to initial access.
Proposal 4: NR-PBCH should only carry a part of minimum-SI related to initial access.
Just like LTE, at least the minimum-SI related to the detection of NR-PDSCH carrying remaining minimum-SI should be transmitted via NR-PBCH, which includes e.g. SFN, information of the subband used during initial access, information of SS block/burst/burst set (e.g. index of SS block), antenna configuration, NR-PDCCH configuration (if necessary) and so on. It is noted that the content of NR-PBCH in each SS block of one SS burst set is different if information of SS block/burst/burst set is carried in NR-PBCH. Consequently, soft combining of NR-PBCH can only be performed among the SS blocks in different SS burst set , which may result some performance degradation. Therefore, it can be further study if it is beneficial to divide minimum-SI in NR-PBCH into two components transmitted in two types of NR-PBCHs respectively, i.e. component-1 and component-2. Different SS blocks share the same component-1 information e.g. system bandwidth, which enables combining of component-1 among different SS blocks. Component-2 includes e.g. SS block index which can be different for different SS blocks, but potentially the same in different SS burst sets.
Proposal 5: Further study if the minimum-SI in NR-PBCH should be divided into two components
Another issue is about whether the minimum-SI necessary for UE to perform an initial UL transmission for on-demand SI is also carried in NR-PBCH or broadcasted NR-PDSCH. A benefit of including such a mechanism is that beam sweeping may not be needed for NR-PDSCH carrying on-demand system information and corresponding NR-PDCCH since DL/UL beam information can be fed back to TRP via initial UL transmission. The on-demand system information can be transmitted in NR-PDSCH and is trigged by random access. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 5: NR-PBCH should at least carry the minimum-SI related to the detection of NR-PDSCH carrying remaining minimum-SI.
· Whether the minimum-SI necessary for the UE to perform initial UL transmission for triggering on-demand SI transmission is broadcasted on NR-PBCH or NR-PDSCH can be further considered. 
Conclusions
According to the discussion in this contribution, we have the following proposals:
Proposal 1: a default subcarrier spacing is used for both NR-SS and NR-PBCH within a frequency range
Proposal 2: the bandwidth of NR-PBCH should be min{ minimal system bandwidth, minimal bandwidth capability } for a certain frequency range if NR-PBCH is multiplexed with NR-SS in TDM manner.
Proposal 3: use DMRS for NR-PBCH demodulation.
Proposal 4: NR-PBCH should only carry a part of minimum-SI related to initial access.
Proposal 5: NR-PBCH should at least carry the minimum-SI related to the detection of NR-PDSCH carrying remaining minimum-SI.
· Whether the minimum-SI necessary for the UE to perform initial UL transmission for triggering on-demand SI transmission is broadcasted on NR-PBCH or NR-PDSCH can be further considered. 
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