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Introduction
In RAN1#86bis, the synchronization signals and broadcast channel were specified as follows,
Agreements:
· 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
· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
Agreements:
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’
· FFS: details how to compose PSS, SSS and/or PBCH
· Multiplexing other signals are not precluded within a ‘SS block’
· One or multiple ‘SS block(s)’ compose an ‘SS burst’
· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)
· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’
· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set
· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
· 
In RAN1#87, NR-PBCH related agreements were made as following,
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
· Prepare draft LS to RAN2 to clarify the contents and RAN2 preferred size of minimum system information and whether it can be delivered by on demand – Eunsun (LG)

In this contribution, we discuss the methods of multiplexing NR-PSS/NR-SSS/NR-PBCH and NR physical channel carried system information.
Multiplexing of NR-PSS/NR-SSS/NR-PBCH
Multiplexing of NR-PSS/NR-SSS/NR-PBCH could be performed in TDM or FDM [1] as shown in Figure 1. NR-PSS, NR-SSS, and NR-PBCH are the signals and the channel for UE to detect in order to access the network initially. The initial access procedure starts with the UE acquiring the NR system DL transmission timing by detection of the DL synchronization signals NR-PSS and NR-SSS. The combination of the NR-PSS and NR-SSS detection will determine the cell ID or at least part of NR cell ID. The timing of the detected NR-PSS/NR-SSS is used as the reference time of RRM measurements and decoding the essential system information.  The NR-PBCH was defined in RAN1#86bis with decoding 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. 

The NR-PBCH is the initial access channel for UE to retrieve some or all essential system information. In order to demodulate the essential system information from NR-PBCH, the UE would use the DMRS of NR-PBCH with the assistance of initial channel acquisition and tracking from NR-PSS/NR-SSS for the channel estimation and compensation. UEs would assume that NR-PBCH and NR-PSS/NR-SSS have the same large channel properties. 


[bookmark: _Ref466062960]Figure 1: TDM/FDM multiplexing of NR-PSS/NR-SSS/NR-PBCH

The initial access procedure includes the detection of the system timing and retrieves the system information in sequence. The detection of NR-PSS would derive the coarse DL timing. The detection of NR-SSS could fine tune the DL timing. The detected NR-PSS and NR-SSS would be used for the channel tracking and estimation for the demodulation of the NR-PBCH. TDM of NR-PSS and NR-SSS would provide better performance results of frequency offset and Doppler estimation. The CP length could be derived from the timing of NR-PSS and NR-SSS if they are TDM multiplexed. Thus, TDM of NR-PSS/NR-SSS/NR-PBCH would allow the sequential detection of network timing and retrieval of system information.

The other advantage of TDM of NR-PSS/NR-SSS/NR-PBCH is the reduced detection complexity. UE could have N-time down sampling the timing detector for the NR-PSS peak detection. After the coarse timing derived from the NR-PSS, the system timing could be retune by the detection of NR-SSS timing with normal sampling of window length N as shown in Figure 2. Thus, TDM multiplexing of NR-PSS/NR-SSS/NR-PBCH could achieve detection complexity reduction and good performance in NR initial access.   



[bookmark: _Ref466065170]Figure 2: Graphic illustration of reduced complexity peak detection of NR-PSS and NR-SSS with TDM multplexing
Proposal 1: TDM multiplexing of NR-PSS/NR-SSS/NR-PBCH could achieve detection complexity reduction and good performance in NR initial access.

NR physical channel carried system information
Structure of NR-PBCH
In LTE, PBCH is usually a non-scheduled broadcast channel with fixed time/frequency resources and periodicity. Hence, the payload of minimum system information (e.g. MIB) carried in PBCH is also fixed. Furthermore, PBCH has to be designed to satisfy the requirements of extend coverage in a cell. Therefore, the payload size of PBCH should be as small as possible to ensure the robust detection of PBCH even in worst-case scenario.

In NR, RAN2 decided in RAN2#95 to split the system information (SI) into “minimum system information” which is always broadcasted and “other system information” which can be configured to be either broadcasted or delivered to UEs on-demand. The minimum system information was agreed to “at least include information to support cell selection, for acquiring other SI, for accessing the cell”. And consider minimum SI transmission in RAN1#87, NR-PBCH has been agreed to “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”.   Similar considerations are applicable to NR. Carrying all minimum-SI in NR-PBCH is not desired. Thus, NR-PBCH should carry at least cell-specific minimum system information for the UE cell selection in the IDLE state.    Since the cell-specific minimum system information have different latency requirements, the minimum SI should be split into multiple subsets carried by different NR-PBCH with different periods and payloads as an example in figure 3. 



[bookmark: _Ref471671279]Figure 3: An example of multple NR-PBCHs with each NR-PBCH having its own duty cycle

In the subsets of minimum system information, the most frequent system information  subset are carried by NR-PBCHx  (e.g. NR-PBCH1 and/or NR-PBCH2) with shortest duty cycle marked with  the lightest color in Figure 3.  The contents of minimum system information on NR-PBCHx could be the index of the stored minimum SI  and/or explicit values of parameters that cannot be coded as index [2]. 

Proposal 2: More than one NR-PBCH should be supported to carry multiple subsets of minimum SI with different periods and payloads.
Minimum SI transmitted via NR-PBCH
In LTE, the content of the minimum SI delivered in a cell is the same across the cell without considering the cell configuration with multiple TRPs with each TRP possibly transmitting over multiple beams.  However in NR, the system information in a cell may be different at each TRP or each beam in the multi-beam configuration.    .An Idle UE camping on the cell is not mandated to (re-)acquire the system information during mobility within the cell (except upon SI change). For multiple TRPs/beams deployment scenarios, an idle state UE camping on a cell need search and acquire the best TRP/beam for initial access and data transmission.  TRP/beam-specific information, such as TRP/beam specific synchronization signals/reference signals (TRP/beam-SS), PDCCH subband for each TRP/beam, should be carried on NR-PBCHx to assist UE to detect and access the individual TRP/beam. Therefore, NR-PBCH should also carry some information on TRP/beams.    At least the following cell-specific SI should be transmitted by NR-PBCH. 
· DL and UL System bandwidth
· System Frame Number (SFN)
· Subband offset of NR-PSS/NR-SSS to center frequency
· Time offset of NR-PSS/NR-SSS related to the reference boundary – present only for beam sweeping
· TRP/Beam-specific configuration
· TRP/Beam-SS
· TRP/Beam PDCCH subband configuration
· Subband Numerology
· The camping SI (part of minimum SI): all information UE needs to camp on a cell including e.g. information allowing DL control channel monitoring, paging DRX, paging reception.
· Note: RACH parameters are not part of camping SI.
· If present, the cell reselection SI (part of other SI).
Proposal 3: NR-PBCH should at least include the general SI, the camping SI (information only needed for camping on a cell), the SI required to access the TRP/beam and to acquire TRP/beam-specific SI, and, if present, reselection SI.
As discussed above, UE camps on “cell level”. In order to initiate quicker random access, part of RACH parameters, such as PRACH preambles, can be broadcasted by NR-PBCHx. For NR configured with multiple TRP/beams within a cell, each TRP/beams in a cell could be configured with different L1 parameters, such as PUCCH configuration for A/N of RACH message 2.The result of large overhead for the cell-level SI (NR-PBCH) payload is expected in case that the RACH configurations of many TRP/beams need to be broadcasted all over the cell.  For example, in case of NR-PBCH beam sweeping, this information is replicated and broadcast in every beam at different time interval. Furthermore, an idle UE needs to re-acquire and store large amount of RACH parameters as it moving across cells.  , 
Proposal 4: In order to initiate quicker random access, part of RACH parameters can be broadcasted by NR-PBCH; 
In addition to the aforementioned cell-specific minimum SI broadcasted by NR-PBCH, other TRP/beam-specific SI (e.g. remaining part of minimum SI and on demand SI [3] [4]) will be scheduled transmitted via other physical channel (e.g. TRP/beam specific NR-PDSCH with resource allocation scheduled by NR-PDCCH). It is beneficial that the indicated information of other SI is carried by NR-PBCH to reduce the SI receiving complexity I. For example, a 1-bit indication broadcasted by NR-PBCH is used to indicate if at least one SI is available on-demand in the cell. If the bit indicates so, UEs can request the gNB to provide the on-demand SIs indication list.

Proposal 5: It is beneficial of broadcasting the related scheduled and/or indication information of other SI via NR-PBCH.


Conclusion
This paper discusses the multiplexing of NR-PSS/NR-SSS/NR-PBCH and the content of cell-specific minimum SI broadcasted via NR-PBCH. Associated proposals are as follow:
Proposal 1: TDM multiplexing of NR-PSS/NR-SSS/NR-PBCH could achieve detection complexity reduction and good performance in NR initial access.

Proposal 2: More than one NR-PBCH should be supported to carry multiple subsets of minimum SI with different periods and payloads.

Proposal 3: NR-PBCH should at least include the general SI, the camping SI (information only needed for camping on a cell), the SI required to access the TRP/beam and to acquire TRP/beam-specific SI, and, if present, reselection SI.
Proposal 4: In order to initiate quicker random access, part of RACH parameters can be broadcasted by NR-PBCH; 

Proposal 5: It is beneficial of broadcasting the related scheduled and/or indication information of other SI via NR-PBCH.
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