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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. In this contribution, we present our views on the system information delivery and beam alignment from initial access to RRC connected state in multi-beam based NR. The following agreement was achieved in RAN1#86bis[2]:
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

In this contribution, we present our views on the overall initial access procedure for over 6GHz system, including the beam alignment, system information delivery and RRC connection message delivery. 
Multi-beam based system
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be RF beam formulated through phase shifter in RF chain or composite beam comprised through RF beamforming and digital beamforming, i.e., hybrid beamforming architecture. Some beam alignment between the TRP and the UE is necessary for the information delivery between the TRP and the UE.
From the initial access to RRC connected state, there exists different level of beam alignment between the TRP and the UE. What level of beam alignment we should and can achieve at each stage and how to achieve that would have crucial impact on the system design of NR system.
The system information is supposed to be received by all the UEs. Some system information is supposed to be received by a UE during initial access, for example the configuration of RACH. Some system information can be received by a UE after initial access procedure. What level of beam alignment is assumed for a particular system information message has crucial impact on the physical channel design for system information.
Initial access procedure
Figure 1 illustrates the procedure of initial access to RRC connected state in multi-beam based NR system. 
The UE first detects the PSS and SSS for timing/frequency synchronization and also physical cell ID. At this stage, there is no beam alignment between the TRP and the UE. To ensure the PSS and SSS can be received by any potential UE in the cell, the PSS and SSS are transmitted through TRP Tx beam sweeping.
Then the UE decodes the PBCH for primary system information. The PBCH shall be transmitted through multiple Tx beams through beam sweeping. One option here is one PBCH is transmitted. The PBCH should include the primary system information, the random access configuration information. The PBCH could also include the configuration information of BRS.
Another option is two PBCHs (PBCH0 and PBCH 1) are transmitted and the PBCH0 connives the primary system information. The PBCH1 delivers the additional system information, for example, the configuration of random access and the configuration of BRS. The BRS can be used as the DMRS for decoding PBCH (or PBCH0 and PBCH1).


Figure 1
At step 3, the UE measures the BRS for the initial beam alignment. The BRS is cell-specifically generated and transmitted. The configuration of the BRS is cell-specific. The BRS can be configured with some predefined configuration. The PBCH or PBCH0/PBCH1 can convey some configuration information of the BRS. The UE calculates the beam state information based on the BRS. The beam state information can include the beam ID (or the beam resource ID) and the RSRP.
At step 4, the UE does the random access procedure. The UE first sends msg1 (i.e., RACH preamble) on one RACH resource which is selected by UE based on measurement on DL signals. The RACH resource can be mapped to the DL PSS/SSS, PBCH (PBCH0 and PBCH1) or the BRS. One example is that each RACH resource is associated with one or more than one beam IDs (or beam resource IDs) conveyed in BRS. The UE selects the RACH resource that is associated the beam ID where the UE measures the largest beam RSRP. Another example is that the RACH resource is mapped to the OFDM symbol index where PSS, SSS, PBCH or BRS is transmitted, and the UE selects the RACH resource that corresponds to the OFDM symbol where the UE detects the largest signal strength of PSS, SSS, PBCH or BRS.
A coarse beam alignment can be built through the RACH msg1 transmission. The TRP can calculate the Tx beam ID for the UE based on the RACH resource where a RACH preamble is detected. Then that Tx beam ID is used to transmit the RACH msg2, random access response (RAR). 
Observation 1: Using initial access signal (PSS, SSS, PBCH or BRS) and random access preamble transmission can achieve coarse beam alignment.
Upon reception of RAR, the UE transmit RACH msg 3 based on the scheduling information in RAR. In RACH msg3, the UE can report the beam state information for initial fine beam alignment in beam management procedure P-1. The beam state information the UE reports can include a beam ID and a beam-specific RSRP. Generally, that beam ID is the ID corresponding the BRS beam resource where the UE measures the largest RSRP. The initial fine beam alignment between the TRP and the UE is achieved through the RACH msg3. The TRP transmit the RACH msg 4 to complete the random access procedure, through the Tx beam from fine beam alignment. The benefit of achieving fine beam alignment during random access procedure is that in multi-beam based system, the fine beam alignment can highly increase the reliability and efficiency of data transmission.
Observation 2: fine beam alignment on narrow beams can be achieved during RACH procedure. 
Proposal 1: Multi-beam based NR systems supports cell-specific BRS for beam management.
Proposal 2: NR supports to achieve initial fine beam alignment for beam management in RACH msg 3 based on the BRS.
At the step 5 after the RACH procedure is done, the UE receives the SIB information through nrPDSCH. The SIB information can be transmitted through the Tx beam obtained from the initial fine beam alignment completed in RACH msg 3.
At the step 6, the UE receives the RRC connection message. The RRC connection message is transmitted in nrPDSCH through the Tx beam obtained from the initial fine beam alignment completed in RACH msg 3. 
Observation 3: System information message and RRC connection message can be transmitted with Tx beam(s) from fine beam alignment for high reliability and high spectral efficiency.
DL control channel is needed for scheduling the nrPDSCH transmission for RAR, RACH msg 4, SIB information transmission and the RRC connection message transmission. Before RACH procedure is completed, there is not UE-specific configuration. So the DL control channel for RAR and RACH msg 4 should be in some predefined search space. The DL control channel for SIB transmission can be cell-specific or UE-group-specific search space. The DL control channel for RRC connection message can be cell-specific, UE-group-specific or UE-specific search space.
Observation 4: Different control channel configuration for scheduling different downlink message transmission during initial access, random access and system information delivery.
 
Conclusions
This contribution discusses the initial access procedure for NR system of > 6GHz. In particular, the following are proposed:
Observation 1: Using initial access signal (PSS, SSS, PBCH or BRS) and random access preamble transmission can achieve coarse beam alignment.
Observation 2: fine beam alignment on narrow beams can be achieved during RACH procedure. 
Observation 3: System information message and RRC connection message can be transmitted with Tx beam(s) from fine beam alignment for high reliability and high spectral efficiency.
Observation 4: Different control channel configuration for scheduling different downlink message transmission during initial access, random access and system information delivery.
[bookmark: _GoBack]Proposal 1: Multi-beam based NR systems supports cell-specific BRS for beam management.
Proposal 2: NR supports to achieve initial fine beam alignment for beam management in RACH msg 3 based on the BRS.
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