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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#86 meeting, single beam and multi-beam based initial access as well as some beam management procedures were all discussed with the following agreements:
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations

· Licensed band and unlicensed band operations

· FFS: mMTC use case
· RAN1 should take at least following requirements into account to design initial access

· Providing at least following functionalities

· Detection of NR cell and its ID

· Note: In this context, NR cell corresponds one or multiple TRP(s)
· Initial time/frequency synchronization to the cell

· Providing necessary information for random access

· Providing sufficient number of the identity values to allow deployment flexibility

· FFS: supporting efficient mobility
· FFS: supporting efficient inter-RAT measurement
· Reducing the frequency hypothesis UE needs to search for compared to LTE
· FFS: detecting beam ID(s)
In LTE, synchronization signal and broadcast channel 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 discuss the design of multi-beam based synchronization signal and DL broadcast channel 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. 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. For example, UE needs not blindly detect possible broadcast channel/beam RS from multiple beams if it is informed that only one beam is used when detecting synchronization signal. 
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 synchronization signal, 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. A selected beam ID can be reported to eNB for beamforming of following signal. During initial access, the beam ID can be carried by synchronization signal or broadcast channel or other signal (e.g. beam-specific RS). If it is carried by synchronization signal or broadcast channel, it should be ensured that the performance of cell access would not be impacted. If it is carried by other signal, then the synchronization process in LTE can be reused.
Proposal 2:The following options are considered for further study of multi-beam based cell access:
· Option1: Only a cell ID is carried in synchronization signal/broadcast channel as in LTE and whether a NR cell is a beam or not is transparent to UEs (without beam ID).
· Option2: A cell ID is carried in synchronization signal/broadcast channel as in LTE and an additional beam ID is carried by other signal (e.g. BRS).
· Option3: A cell ID and a beam ID are carried in synchronization signal or broadcast channel. 
In the RAN1#86 meeting, three beam management procedures were introduced for selection of TRP Tx beam and/or UE Rx beam for a UE. It is expected that the Tx beamforming or Rx beamforming can provide significant beamforming gain via an amount of antenna elements. It could help to improve the coverage of control signal and spectrum efficiency of data signal. Hence, it would be helpful if the Tx/Rx beam can be determined before the start of control signal and data transmission. A straightforward method is to initialize the beam management via synchronization signal and broadcast channel. After the initial training process, the beam can be further updated via following reference signal or access signal.
Proposal 3: Beam management procedure P-1/P-2/P-3 can be initialized via transmission of synchronization signal and DL broadcast channel.
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. The multi-beam can be transparent or explicit to UEs and this would lead to different designs. 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:The following options are considered for further study of multi-beam based cell access:
· Option1: Only a cell ID is carried in synchronization signal/broadcast channel as in LTE and whether a NR cell is a beam or not is transparent to UEs (without beam ID).
· Option2: A cell ID is carried in synchronization signal/broadcast channel as in LTE and an additional beam ID is carried by other signal (e.g. BRS).
· Option3: A cell ID and a beam ID are carried in synchronization signal or broadcast channel. 
Proposal 3: Beam management procedure P-1/P-2/P-3 can be initialized via transmission of synchronization signal and DL broadcast channel.
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