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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.
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 analog beam formulated through phase shifter in RF chain or composite beam comprised through analog beamforming and digital beamforming. 
In multi-beam based system, the TRP uses each of those beam to cover one part of the cell. For downlink transmission to a UE, the TRP should choose one proper Tx beam for this UE so that the downlink signal can reach the UE with strong power. For uplink transmission, the TRP also should choose one proper Rx beam for this UE. The UE could also utilize multi-beam technique to improve the link quality. Similarly, the UE should choose proper Rx beam to receive the downlink transmission and proper Tx beam to send the uplink transmission.
From the initial access to RRC connected state, there could exist 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.
Beam alignment 
A high level general procedure of initial access to RRC connected state is shown in Figure 1. The initial access signals (including initial synchronization signals, PBCH and some SIBs before RACH) are the first signals to be detected by the UE. The initial access signals are supposed to be received by all UEs. When transmitting initial access signals, there does not exist any beam alignment between the TRP and the UE. So the initial access signals are transmitted through multiple Tx beams and those Tx beams sweep over multiple OFDM symbols. The TRP beams used for initial access signals are generally wide beam and the number of them are not large in order to reduce the overhead. From the detection of initial access signals, the UE could obtain the best TRP Tx beam. However, there is no uplink transmission chance so the UE is not able to report the Tx beam ID to the TRP.
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Figure 1
After detecting initial access signals, the UE enters RACH procedure. During the RACH procedure, the TRP and the UE could build a beam alignment over the TRP beams used for initial access and RACH procedure. In a general four-step RACH procedure, msg 1 is RACH preamble transmission from the UE, msg 2 is the RAR (RACH access response) to the UE, msg3 is the first uplink transmission scheduled by the RAR and msg4 is contention resolution message sent to the UE. The UE could report one TRP Tx beam ID in (1) msg1 RACH preamble or (3) msg3, the first uplink transmission to the TRP. Through that, the TRP and the UE could build a coarse beam alignment over the beams used for initial access signals. The TRP can use such beam alignment to transmit the rest of the system information messages. Those beams from coarse beam alignment have wide beamwidth. So the coverage is limited and the data rate of transmission using those beams would be limited. The configuration for the L1/L2 beam management procedure P-1 could be sent in one of those system information message. In P-1, the TRP and the UE could build a fine beam alignment over narrow beams.
Proposal 1: Study how to achieve coarse beam alignment between TRP and UE during initial access.  
The configuration for beam management procedure P-1 can be sent to the UE after the UE completes the RACH procedure, i.e., during step 4 in Figure 1. After the P-1 is completed, the TRP and the UE achieve fine beam alignment over the narrow TRP Tx beams. 
The configuration for beam management procedure P-1 can also be sent during the initial access. The benefit of this method is that the earlier the P-1 procedure, the earlier the TRP is able to use the narrow beams on the transmission to the UE. The beams in P-1 procedure are narrow and have larger coverage distance. The transmission using those beams is expected to have higher data rate. 
One solution is to send the P-1 configuration in PBCH or SIBs transmitted before RACH procedure. The UE could measure the beam reference signal of P-1 and then report the TRP Tx beam ID for P-1 to build fine beam alignment. The UE could report TRP Tx beam ID in msg 1 of RACH or msg3 of RACH or some uplink transmission after the RACH procedure. Another solution is to send the P-1 configuration in RAR during RACH procedure. Then the UE could report TRP Tx beam ID in msg3 of RACH or some uplink transmission after RACH procedure. Another solution is to send the P-1 configuration in msg4 of RACH and the UE could report TRP Tx beam ID in one uplink transmission after RACH procedure. 
The methods to send configuration of beam management procedure P-1 is summarized in Table 1.
Table 1
	· Solution 1: After RACH procedure, TRP sends the configuration of P-1 in PDSCH using the coarse beam alignment built during initial access
· Solution 2: TRP sends the configuration of P-1 in PBCH or SIBs that are sent before RACH procedure
· Solution 3: TRP sends the configuration of P-1 in RACH RAR.
· Solution 4: TRP sends the configuration of P-1 in RACH msg4 



Proposal 2: Study how and where to send the configuration for beam management procedure P-1.
Deliver the System information
The system information including MIB (PBCH) and some SIBs which are necessary for initial access and random access procedure must be received by the UE before the RACH procedure. There is no beam alignment between the TRP and the UE. So the transmission of those system information needs to be transmitted by all the beams used for initial access so that any potential UE is able to receive them. One solution for that is the Tx beam sweeping.
The rest of system information can be received by the UE after the RACH procedure is completed. One solution to transmit those system information is Tx beam sweeping. The TRP uses the same beams as used in initial access to broadcast the system information through Tx beam sweeping. Another solution is to transmit those system information in unicast PDSCH to the UE through the beams from the coarse beam alignment. After the beam management procedure P-1 is completed and fine beam alignment is achieved, the TRP could use the beam from the fine beam alignment to transmit system information in unicast PDSCH to the UE. If the beam used for PDSCH transmission is beam selected by multiple UEs, the PDSCH could be multicast. The solution of sending system information in unicast/multicast PDSCH with beams from coarse beam alignment or fine beam alignment is more resource efficient than the solution using Tx beam sweeping. 
The optional methods to transmit system information are summarized in Table 2.
Table 2
	System information
	The transmission mechanism 

	MIB and SIBs containing, e.g., RACH configuration which should be sent before RACH
	The gNB should use multiple Tx beam to transmit multiple copies of same system information (Tx beam sweeping)

	System information sent after RACH
	· Broadcast though TRP Tx beam sweeping
· Sent in unicast/multicast PDSCH using beams of coarse beam management
· Sent in unicast/multicast PDSCH using beams of fine beam alignment achieved in beam management procedure P-1.


  
Proposal 3: Study how to send system information in multi-beam based NR system.
Conclusions
This contribution discusses the beam alignment during and after initial access and the delivery of system information. In particular, the following are proposed:
Proposal 1: Study how to achieve coarse beam alignment between TRP and UE during initial access.
Proposal 2: Study how and where to send the configuration for beam management procedure P-1.
Proposal 3: Study how to send system information in multi-beam based NR system.
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