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1. Introduction

At the RAN1#86 and #86bis meetings, PHY layer aspects related to initial access and mobility were discussed and RAN1 made following agreements related to possible broadcast signal/channel other than NR-PSS/SSS [1-2].
	Agreements (RAN1#86):
· In order for the transmission of the information required for the initial access (e.g. configuration of random access resource), at least following options are to be studied: 

· Note: the above information can consist of multiple parts, and different option below can be applied for the transmission of each part

· Opt 1: the transmission is scheduled by dynamic signaling (e.g. control channel)

· Opt 2: the transmission is scheduled by semi-static signaling (e.g. via the previous part)

· Opt 3: the transmission is done alone without associated signaling (e.g. predefined in spec)

· In the above study, at least following aspects should be considered:

· Resource flexibility (e.g. in terms of ensuring forward compatibility, dynamic TDD operation)

· Resource overhead

· UE complexity (e.g. involved with decoding of the information)
Agreements (RAN1#86bis):
· 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 (RAN1#86bis):
· Note: In this WF, IDLE mode refers to a UE state similar to LTE IDLE state, whose exact definition is up to RAN2
· Note: In this WF, CONNECTED mode refers to a UE state similar to LTE CONNECTED state, whose exact definition is up to RAN2
· Note: In this WF, cell refers to NR cell which is tied to a same ID carried by NR-SS.

· Detailed definition of NR cell FFS

· NR supports cell-level mobility based on DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE

· Study the following DL signals for IDLE mode RRM measurement

· Option 1: Synchronization signal (e.g., NR-PSS, NR-SSS)

· Option 2: RS for demodulating broadcast channel

· Option 3: RS for mobility

· FFS if and how to associate the cell ID with this RS

· FFS this RS is for multi-beam and/or single-beam

· Option 4: Any combinations of above

· Other options are not precluded
· FFS: QCL definition for DL signal for IDLE mode RRM measurement
· FFS whether NR cell is defined only for “IDLE mode” or for both IDLE and CONNECTED mode


Based on above agreements, we can see that at least NR-PBCH is defined as broadcast channel, and following signals/channels are possible candidates of broadcast signal/channel in NR. We note that some of them may be the same signal or channel.
· RS for demodulating NR-PBCH

· RS for mobility

· Channel carrying at least part of minimum SI

· RS for demodulating above channel carrying at least part of minimum SI

· Control channel which schedules above channel carrying at least part of minimum SI

· RS for demodulating above control channel

In this contribution, we discuss on necessity and design principle for above candidate broadcast signal/channel for initial access. We also show our views on initial access procedure in our companion contribution [3]. 
2. Discussion on necessity and design principle of each candidate broadcast signal/channel for NR initial access
2.1. NR-PBCH and RS for demodulating NR-PBCH
For NR-PBCH demodulation, a reference signal needs to be transmitted on the same frequency location and antenna port(s) with NR-PBCH. In addition, time domain location of the RS should also be overlapped or at least close to that of NR-PBCH.
As in our companion contribution [4], following possible multiplexing patterns among NR-PSS/SSS and NR-PBCH have been considered, and we prefer Example#3 like mapping because it can achieve simple and unified SS mapping and detection schemes for both single-beam and multi-beam based operations. In Example#3 like mapping, UE does not need to care about CP overhead and symbol index (that may relate to number of swept beams) within subframe or slot during NR-PSS/SSS detection procedure. 

· Example#1: TDM of NR-PSS, NR-SSS and NR-PBCH within a subframe or slot like LTE-FDD

· Example#2: FDM of NR-PSS, NR-SSS and NR-PBCH on the same symbol

· Example#3: TDM of NR-PSS, NR-SSS and NR-PBCH in different subframes or slots

· Example#4: FDM of NR-PSS and NR-SSS, and TDM of NR-PSS/SSS and NR-PBCH in different subframes or slots

Since NR-PBCH is located in different subframe or slot from NR-SSS in the Example#3 like mapping, NR-SSS cannot be used as RE for demodulating NR-PBCH. In addition, for NR-PBCH transmission, transmit diversity scheme can be considered to achieve robust decoding performance. RS for demodulating NR-PBCH needs to be transmitted on same antenna ports with NR-PBCH. Therefore, separate RS for demodulating NR-PBCH is necessary.
Regarding the design of NR-PBCH and RS for demodulating NR-PBCH, we have following views.
· 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.
· 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 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: 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.
2.2. RS for mobility
RAN1 agreed that NR supports DL cell-level measurement (e.g. RSRP for each cell) in IDLE mode UE and several candidate signals for this purpose were identified such as NR-SS, RS for demodulating broadcast channels and separate RS for this mobility purpose. As argued in [5], we think basically cell-specific reference signals for other purposes such as NR-SSS and RS for demodulating broadcast channels can be used for cell-level measurement. However, these signals will have following design characteristics.
· Transmission bandwidth of NR-SSS and RS for demodulating broadcast channels will be limited since it may be designed to fit even into minimum system bandwidth of NR (eMBB usage). So available REs within the bandwidth will be limited.

· NR-SSS will be mapped on contiguous subcarriers as in LTE since long sequence length is necessary for large number of cell IDs and such long sequence needs to be mapped within limited bandwidth. In addition, UE monitoring band for neighboring cells should be common otherwise UE complexity for neighboring cell search would not be acceptable. Therefore, NR-SSS resources among different cells would be fully overlapped at least in frequency domain and it would make an accuracy of neighboring cell measurement worse.
· RS for demodulating NR-PBCH will also overlap among different cells. On the other hand, RS for demodulating other broadcast channel (discussed in Section 2.3) may be able to have non-overlapped resource mapping among different cells. However, the broadcast channel and associated RS may be transmitted in discontinuous resources with different beams as in Figure 2-1. For mobility measurement, basically UE needs to monitor resources for all possible cells/beams otherwise UE may miss some cell or beam with good received signal quality. So, discontinuous resources will require frequent or long UE measurement process which is not appropriate for measurement procedure e.g., in case of IDLE mode measurement and inter-frequency measurement using measurement gap.
Based on above discussion, we think RS for mobility (MRS) is necessary to be defined separately from NR-SSS and RS for demodulating broadcast channels. MRS design with at least following characteristics should be considered.
· Considering possible dense (i.e., interference limited) deployment, orthogonal MRS resource allocation among different cells, i.e., larger reuse factor of frequency domain resource for MRS should be considered to achieve sufficient measurement accuracy even in such scenario. 
· For NR multi-beam based operation, MRS should be usable for beam level measurement. Cell level measurement quantity can be derived by multiple MRSs with different beams within a same cell. As argued in [5], MRS based beam-level measurement/reporting will help to select a proper set of beams for CSI measurement/reporting in RRC_CONNECTED mode mobility procedure.
Proposal 3: RS for mobility should be separately defined from NR-SSS and RS for demodulating broadcast channels.
· Orthogonal MRS resource allocation among different cells(/TRPs/beams) should be considered.

· MRS should be usable for beam level measurement at least in RRC_CONNECTED mode.
2.3. Broadcast channel other than NR-PBCH
For the essential system information (minimum SI) delivery, mainly following two options have been identified.
· Option 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.
· Option 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, as discussed in [3], 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 (secondary BCH), 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. Whether resource allocation for secondary BCH is provided by NR-PBCH or control channel (in common search space) should be further studied.
· 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. Therefore, secondary BCH mapping for different beams can be separated in time-domain as shown in Figure 2-1. In addition, as in the example, secondary BCH can be multiplexed between different beams or with different channels in frequency domain.
Proposal 3: 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.

· Whether resource allocation for the broadcast channel is provided by NR-PBCH or control channel (in common search space) should be further studied.
[image: image1.emf]PSS SSS

PBCH

（

+RS

）

e.g., 1 slot

Time

Freq.

Secondary BCH

（

+ RS + control[FFS]

）


Figure 2-1: Example of resource mapping for NR broadcast channel carrying minimum SI
3. Conclusion 

In this contribution, we discussed on necessity and design principle for possible broadcast signal/channel for initial access. We made the following proposals. 

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: 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 3: 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.

· Whether resource allocation for the broadcast channel is provided by NR-PBCH or control channel (in common search space) should be further studied.
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