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1. Introduction

Beamforming is an important feature to meet the spectrum efficiency requirement of NR especially for high-frequency bands. In RAN1#86bis meeting, single beam and multi-beam based initial access as well as some beam management procedures were all discussed with the following agreements:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):

· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:

· CSI-RS is UE-specifically configured

· Multiple UE may be configured with the same CSI-RS

· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition

· Other RS could also be considered for beam management such as DMRS and synchronization signals

Agreements:
· NR defines at least two types of synchronization signals

· NR-PSS at least for initial symbol boundary synchronization to the NR cell

· FFS other functionality provided by NR-PSS, e.g., part of NR cell ID, serving as DMRS for NR-SSS, detection of subcarrier spacing

· NR-SSS for detection of NR cell ID or at least part of NR cell ID

· Number of NR cell IDs is targeted to be at least 504
· FFS: larger than that in LTE

· FFS number of NR cell IDs

· NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead

· FFS FDM or TDM

· FFS other functionality provided by NR-SSS, e.g., demodulation of broadcast channel, RRM measurement, deriving subframe index, deriving symbol index

· 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 LTE, synchronization signal and PBCH are transmitted without beamforming or via one wide beam and the beamforming gain is very limited. In NR, multi-beam based initial access is supported for further beamforming gain. In this contribution, we further discuss the design of multi-beam based initial access for NR.
2. Discussion
Both single beam based and multi-beam based initial access would be supported in NR. For single based approach, similar mechanism as that in LTE or a compatible mechanism with multi-beam approach can be considered. For the latter method, single beam based initial access can be a special case of multi-beam based initial access. For example, a SS burst includes only single SS block, or a SS burst set includes single SS burst. Even when a unified initial access mechanism is introduced for RAN1, the procedure can be simplified and UE complexity can be reduced if UE knows only single beam would be used at the beginning of initial access. UE needs not blindly detect possible NR-PSS/NR-SSS/NR-PBCH/beam RS from multiple beams if it is informed when detecting synchronization signal that only single beam is used. 
Proposal 1: It would be beneficial to inform UE whether single beam based or multi-beam based initial access is used at the beginning of initial access.
For multi-beam based cell access, it is an important issue that whether the beams are transparent to UEs. In NR, a NR cell can be a legacy cell or only one beam of a legacy cell. For the latter case, the multiple beams would be treated as multiple cells at the UE side and beams are fully transparent to UEs. The NR-SS, NR-PBCH and other possible cell-specific signal would be transmitted by each beam and the synchronization process in LTE can be mostly reused. Then a cell ID is actually associated with one beam. Though this method can simplify the specification, there would be some potential issues especially for mobility. On one hand, with the same number of cell IDs, the coverage with different cell IDs would be reduced by times if there are multiple beams within one legacy cell. This increases the risk of inter-cell interference. On the other hand, UE may need to track and measure more neighboring cells, and suffer from frequent cell handover since the cell is much smaller than that in LTE. Also, UE may perform unnecessary synchronization process for handover between beams within a legacy cell.
Another approach is to retain the cell as in LTE and introduce additional beam ID for each beam within a cell to identify a beam. UE can differentiate cell via cell ID and differentiate beams within a cell via beam ID. It needs further study whether the mobility measurement is based on cell or beam or both. If both cell based and beam based RRM measurement are supported, cell based measurement can be used for cell selection, and beam based measurement can be used for beam management. The beam ID can be carried by NR-SS or NR-PBCH or other signal (e.g. beam-specific RS). If it is carried by NR-SS or NR-PBCH, some enhancement is needed and it should be ensured that the performance of cell access would not be impacted. If it is carried by other signal, the NR-SS and NR-PBCH in LTE can be reused. For example, an additional BRS may be transmitted within a SS block.
Proposal 2: Further study the following options for multi-beam based cell access:
· Option1: A cell ID is carried in NR-PSS/NR-SSS/NR-PBCH as in LTE and an additional beam ID is carried by other beam-specific signal (e.g. BRS or CSI-RS).
· Option2: A cell ID and a beam ID are carried in NR-PSS/NR-SSS or NR-PBCH.
The terminologies {SS block, SS burst and SS burst set} were introduced in the past meeting for beam management via initial access. Different beams may be applied to different SS blocks and/or different SS bursts for beam sweeping. For example, different SS blocks within a SS burst can use different Tx beams for gNB Tx beam management, and different SS bursts within a SS burst set can use the same Tx beams for UE Rx beam management. However, if Tx/Rx beam management is achieved via multiple SS blocks and/or multiple SS bursts, and each SS block includes both NR-PSS/NR-SSS and NR-PBCH, the latency may be large dependent on the resource allocation for SS blocks and periodicity of SS burst. The resource overhead for beam management would also be high. For example, a SS block including NR-PSS/NR-SSS and repeated NR-PBCH may scatter for one or more slots. One solution is to decouple NR-PSS/NR-SSS and NR-PBCH within a SS block. For example, only NR-PSS/NR-SSS is included in a SS block, and NR-PBCH (and possible repetition as in LTE) associated with multiple SS blocks is included in each SS burst. Then only few resources are needed for each SS block and the duration of each SS burst could be short. Beam management
Proposal 3:  A SS block including only NR-PSS/NR-SSS is supported for time/resource efficiency of beam management.
3. Conclusions
In this contribution, we discuss the single beam and multi-beam based initial access especially multi-beam based synchronization signal and broadcast channel. We have the following proposals:
Proposal 1: It would be beneficial to inform UE whether single beam based or multi-beam based initial access is used at the beginning of initial access.
Proposal 2: Further study the following options for multi-beam based cell access:
· Option1: A cell ID is carried in NR-PSS/NR-SSS/NR-PBCH as in LTE and an additional beam ID is carried by other beam-specific signal (e.g. BRS or CSI-RS).
· Option2: A cell ID and a beam ID are carried in NR-PSS/NR-SSS or NR-PBCH.
Proposal 3: A SS block including only NR-PSS/NR-SSS is supported for time/resource efficiency of beam management.
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