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1. Introduction

At the RAN1#87 meeting, PHY layer aspects related to initial access and mobility for NR were discussed and RAN1 made following agreements related to possible broadcast signal/channel [1-4].
	Agreements:
· 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
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


Based on above agreements, following aspects need to be discussed as next step.

· NR-PBCH channel design including RS for demodulation

· Alt.1(NR-PBCH carries a part of minimum SI) or Alt.2(NR-PBCH carries all of minimum SI) for the transmission of minimum SI
· For Alt.1 case:
· Channel design for carrying remaining minimum SI, e.g., NR-PDSCH or secondary broadcast channel

· Scheduling mechanism for the channel carrying remaining minimum SI
· Possible on-demand transmission mechanism for the channel carrying remaining minimum SI
In this contribution, we discuss on above aspects, i.e., NR-PBCH design including RS for demodulation and mechanism for minimum SI delivery. 
2. Discussion on NR-PBCH design
2.1. NR-PBCH design

As argued in our companion contribution [5], we propose TDM among NR-PSS, NR-SSS and NR-PBCH in different slots. For the proposed resource mapping of NR-SS/PBCH, we have following views on NR-PBCH design.
· NR-PBCH mapping to the single OFDM symbol will facilitate the simple and flexible resource mapping definition of NR-SS and NR-PBCH in single- and multi-beam based operations.

· UE monitoring bandwidth for NR-PBCH decoding should be limited for e.g., complexity and power consumption in cell (re)selection procedure in IDLE mode. Same or slightly wider bandwidth compared with NR-PSS/SSS can be considered as baseline.

· Due to above discussed NR-PBCH mapping design, i.e., single OFDM symbol with possible limited bandwidth, we should strive for minimizing payload size of NR-PBCH for robust channel design.
As discussed in [5], assuming 5/40 MHz bandwidth with 15/120 kHz subcarrier spacing of NR-SS for 4/30 GHz carrier frequency, 25 RBs would be available for NR-PBCH bandwidth. Then, 12*25 = 300 REs are available within one OFDM symbol with 5/40 MHz bandwidth. In LTE, 12*6[RBs]*4[symbols] = 12*24 = 288 REs are available for PBCH and CRS multiplexed on PBCH symbols. Therefore, one symbol NR-PBCH possibly with dedicated RS for demodulation can utilize similar amount of resources to that for LTE PBCH with CRS.
Observation 1: Assuming four times wider bandwidth of NR-PBCH compared with LTE PBCH, one symbol NR-PBCH multiplexed with dedicated RS for demodulation in frequency domain can utilize similar amount of resources to that for LTE PBCH multiplexed with CRS.
Then, required payload size for NR-PBCH should be discussed considering possible contents in NR-PBCH. From RAN1 perspective, following contents can be considered for NR-PBCH.
· Time index of SS block, e.g., symbol index within slot and slot index within radio frame

· As RAN1 already agreed, this is necessary at least for multi-beam based operation.

· Resource information regarding common-search space (C-SS) to read SIBs

· This is necessary instead of system bandwidth information in LTE assuming that NR UE is not required to monitor whole system bandwidth to read SIBs. Details are discussed in Section 3.

· CP overhead

· Blind detection of CP overhead in SSS detection procedure should be avoided in NR [5].

· Part of NR cell ID
· To relax the PCI confusion issue and corresponding planning effort, supporting more than 504 NR cell IDs is beneficial, but number of hypotheses for NR-PSS/SSS detection should not be so many for detection performance and complexity. In addition, extending NR cell ID by using NR-PBCH would be beneficial compared with SIB reading in terms of UE effort on detecting cell ID of neighbour cells.
Based on the above discussion, we think further investigation and evaluation for NR-PBCH design including payload size and resource amount are necessary. 

Proposal 1: Following NR-PBCH design should be considered.

· NR-PBCH mapping to the single OFDM symbol with limited transmission bandwidth that is same or slightly wider than NR-PSS/SSS

· Minimized payload size and robust channel design

Proposal 2: Following possible contents for NR-PBCH should be considered and corresponding payload size for NR-PBCH should be investigated.

· Time index of SS block
· Resource information regarding C-SS

· CP overhead

· Part of NR cell ID
2.2. RS for demodulating NR-PBCH
For the proposed resource mapping of NR-SS/PBCH, dedicated RS for demodulating PBCH would be necessary since NR-SSS and NR-PBCH on the same beam are mapped to resources in different slots. In particular, DMRS for NR-PBCH multiplexed with NR-PBCH on the same OFDM symbol is preferred because of following reasons.
· NR-PBCH mapping to the single OFDM symbol will facilitate the simple and flexible resource mapping definition of NR-SS/PBCH for both single- and multi-beam based operations.

· For the symbol-level beam sweeping of NR-PBCH, the RS for NR-PBCH demodulation needs to be multiplexed with NR-PBCH on the same OFDM symbol.

Proposal 3: Cell-specific RS for NR-PBCH demodulation separately from NR-SS is necessary.
· Mapping of NR-PBCH and RS for demodulating NR-PBCH on the same OFDM symbol (i.e., FDM) should be considered.
2.3. Transmission scheme for NR-PBCH
In LTE, transmit diversity schemes such as SFBC and SFBC-FSTD are supported for the transmission of PBCH on two and four transmit antennas, and four times repetition within 40 ms is also applied. These transmission schemes could improve the coverage performance of PBCH. However, transmit antenna diversity schemes cause some complexity in both transmitter and receiver. For example, different transmit antenna diversity schemes are necessary for each case with different number of antennas and blind detection for the number of antennas would also be necessary.
In NR, based on multi-beam based operation, coverage performance of different channels/signals can be controlled to some extent by using different beam width. For example, finer beam can be applied to NR-PBCH transmission compared with NR-SS transmission and such finer beam can be switched with repetition of NR-PBCH. In this mechanism, blind detection for the number of antennas in NR-PBCH detection is not necessary while coverage performance of NR-PBCH can be improved by switching of fine beams with repetitive transmission. Another possible benefit of this mechanism is that it may be able to avoid designing multi-port DMRS for PBCH.
Proposal 4: To improve the coverage performance of NR-PBCH, applying fine beam and beam switching with repetitive transmission to NR-PBCH should be further studied and compared with other mechanisms such as applying SFBC to NR-PBCH transmission.
3. Discussion on mechanism for minimum SI delivery
For the essential system information (minimum SI) delivery, mainly following two alternatives have been identified.
· Alternative 1: NR-PBCH carries at least part of minimum SI or information necessary to read other broadcast channel (secondary BCH), and minimum SI is carried by the secondary BCH.
· Alternative 2: NR-PBCH carries all minimum SI.
As argued in Section 2.1, we think that NR-PBCH mapping on single OFDM symbol and minimized payload size of NR-PBCH are preferable considering unified framework for single-beam and multi-beam based operations and robust channel design. In addition, minimum SI will include at least following information and it will not fit into NR-PBCH resource amount.
· Information regarding whether or not UE is allowed to access the NR cell, e.g., PLMN ID and barring information.

· Information necessary for Msg. 1 (PRACH) transmission and information necessary for Msg.2 (RAR) reception.

Therefore, broadcast channel other than NR-PBCH is necessary for essential system information delivery in NR initial access.

For the broadcast channel carrying minimum SI, we have following views.
· Since NR-PBCH can carry information related to resource allocation for secondary BCH or control channel scheduling secondary BCH, transmission bandwidth and frequency location of secondary BCH can be different from those of NR-PBCH. Similar to LTE SIB, minimum SI may have variable payload size according to the presence of optional fields and for example beam operation type. If NR-PBCH is used to schedule the secondary BCH, NR-PBCH contents may need to be changed in some case due to the change in SI. On the other hand, if common search space (C-SS) is used to schedule the secondary BCH, NR-PBCH contents would not be affected by the change in SI. Therefore, we think scheduling mechanism for broadcast channel carrying minimum SI should be based on DL control channel in C-SS, and information necessary to decode the control channel in C-SS (e.g., monitoring bandwidth for C-SS) should be indicated in NR-PBCH.
· In NR multi-beam based operation, UE may need to keep monitoring broadcast signal/channel during beam sweeping if UE is not aware of the broadcast signal/channel timing with the best beam for the UE, e.g., during NR-SS search and mobility measurement procedures. But after detecting NR-SS and NR-PBCH with the best beam, UE can be aware of the best beam timing based on predefined or signaled association between detected signal/channel and other signal/channel on the same beam. For example, NR-PBCH on each Tx beam may indicate different resource of C-SS on each Tx beam and DL control channel in C-SS may schedule the broadcast channel. Therefore, secondary BCH mapping for different beams can have some flexibility.
· Regarding the channel design for the secondary BCH, two alternatives have been identified, one is to define new broadcast channel design which may be different from NR-PBCH and another is to utilize NR-PDSCH. We think it should be evaluated whether NR-PDSCH can be efficiently utilized as secondary BCH after estimating payload size for SIBs in NR.
Proposal 5: Broadcast channel carrying minimum SI should be separately defined from NR-PBCH.

· Transmission bandwidth and frequency location of the broadcast channel can be different from those of NR-PBCH.
· Scheduling mechanism for broadcast channel carrying minimum SI should be based on DL control channel in C-SS, and information necessary to decode the control channel in C-SS (e.g., monitoring bandwidth for C-SS) should be indicated in NR-PBCH.
4. Conclusion 

In this contribution, we discussed on NR-PBCH design including RS for demodulation and mechanism for minimum SI delivery. We made the following observations and proposals. 
Observation 1: Assuming four times wider bandwidth of NR-PBCH compared with LTE PBCH, one symbol NR-PBCH multiplexed with dedicated RS for demodulation in frequency domain can utilize similar amount of resources to that for LTE PBCH multiplexed with CRS.

Proposal 1: Following NR-PBCH design should be considered.

· NR-PBCH mapping to the single OFDM symbol with limited transmission bandwidth that is same or slightly wider than NR-PSS/SSS

· Minimized payload size and robust channel design

Proposal 2: Following possible contents for NR-PBCH should be considered and corresponding payload size for NR-PBCH should be investigated.

· Time index of SS block
· Resource information regarding C-SS

· CP overhead

· Part of NR cell ID

Proposal 3: Cell-specific RS for NR-PBCH demodulation separately from NR-SS is necessary.

· Mapping of NR-PBCH and RS for demodulating NR-PBCH on the same OFDM symbol (i.e., FDM) should be considered.

Proposal 4: To improve the coverage performance of NR-PBCH, applying fine beam and beam switching with repetitive transmission to NR-PBCH should be further studied and compared with other mechanisms such as applying SFBC to NR-PBCH transmission.
Proposal 5: Broadcast channel carrying minimum SI should be separately defined from NR-PBCH.

· Transmission bandwidth and frequency location of the broadcast channel can be different from those of NR-PBCH.
· Scheduling mechanism for broadcast channel carrying minimum SI should be based on DL control channel in C-SS, and information necessary to decode the control channel in C-SS (e.g., monitoring bandwidth for C-SS) should be indicated in NR-PBCH.
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