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Introduction
It was agreed in the RAN1 meeting #85 [1] that both multi-beam based and single-beam based approaches should be studied for system information delivery. Furthermore, it was agreed in the RAN1 meeting #86 [2] that the initial access should consider the options of i). dynamic signalling; ii). semi-static signalling; iii). without signalling. 
In this contribution, we discuss some design principles for PBCH and system information transmission for NR. 
Beamformed PBCH and System Information Transmission 

In NR, beamforming should be applied to the PBCH to enable the broadcast channel benefit from beamforming gain. This is especially important at high frequency bands such as mmW bands where propogation loss is significant. Beamforming and beam sweeping implemented for PBCH transmission should cover the entire service area of TRP or gNB while reducing the overhead due to beam sweep.  This may be achieved by optimizing the number of beams in the PBCH beam sweep and optimizing the always-on PBCH transmissions. Doing this may also reduce the interference caused to other TRPs or cells. 
As shown in Figure 1, a full beam sweep burst for an always-on PBCH transmission is depicted. The PBCH beams are cycled through the entire beam cycle. Repeating the full PBCH transmission may result in high power, high overhead and large latency that can be alleviated by minimizing the always-on beams.



[bookmark: _Ref463028323]Figure 1: Example full beam sweep burst design
In LTE, the PBCH is an always-on signal. For a low overhead broadcast channel, the broadcast system information can be split into critical and non-critical information with the critical information signalled in an always-on signal and the non-critical information signalled in an on-demand signal. This minimizes the always-on signal and reduces the overhead.
Proposal 1: The always-on beams and always-on signals of system information should be minimized. 

Minimizing always-on beams
NR PBCH transmission designs should consider allowing independent configuration of the PBCH beams participating in the beam sweep. This will allow for minimizing the number of PBCH beams participating in the beam sweep in order to reduce the power, overhead and interference. 


In a scheme shown in Figure 2, a selective beam sweeping using a full beam sweep burst for the PBCH is depicted. PBCH transmission beams are not cycled through the entire beam sweep. Instead,  the PBCH is only transmitted on a subset of the cycled beams (the PBCH transmission beams). For example, as shown in Figure 2, only beams 2, 5, and M-1 are swept through in this beam cycle (as shown in green color) and other beams are not swept through (as shown in grey color). Other beams can be swept through in subsequent beam cycles. In this case, the periodicity of the PBCH transmission beams may be different from the periodicity of the full beam sweep. However, this approach may result in higher latency compared to the full beam sweep approach described in the previous section. This latency may be reduced by the TRP transmitting multiple beams simultaneously. For example, beams 2 and 3, beams 5 and 6 and beams M-1 and M are swept through in a single beam cycle. In the case of multiple TRPs, different TRPs may coordinate and transmit multiple beams to ensure that they cover the entire service area in a manner that reduces the latency.



[bookmark: _Ref462518778][bookmark: _Toc462541966]Figure 2: Example of periodic beam hopping sweep pattern 
The configuration of the PBCH transmission beams (e.g. periodicity, beam selection etc.) can be set based on a predetermined or aperiodic pattern. A short PBCH transmission burst should be designed and optimized for the reduced PBCH beams in the beam sweep. 
In another scheme, the gNB uses M beams to cover the entire desired spatial region, it can instead cover the same spatial region with less than M beams (e.g. M/2).  The beams will be wider and hence have less directivity gain. This may be used to establish an initial setting for the beam pairing. A hierarchical type beam sweep procedure can be defined to take advantage of the different beam sizes. 
A short beam sweeping burst may be used to enable beam sweep to achieve low overhead and latency. Since beam sweep burst is much shorter than full beam sweep burst, therefore it may reduce beam sweep overhead and potentially latency for UE to acquire PBCH signal. For gNB or TRP which deploy M beams, full beam sweep requires to sweep through all M beams while short beam sweep requires to sweep through only K beams and .
With proper design for PBCH, such as associating PBCH with other transmission channels, the best downlink transmission beam for PBCH may be a good indication for other downlink transmission beam of other downlink channel. This could potentially reduce or eliminate the beam sweep for subsequent downlink transmission.
Proposal 2:  PBCH transmission based on all or a subset of the beams in a beam sweep should be enabled.
Minimizing always-on Signals of System Information
As discussed in Section 1, one of the important aspects in NR system information transmission design is to minimize the always-on signals. Minimizing always-on signal may reduce the power and achieve better energy efficiency for the system and reduce interference that is caused to other TRPs or cells. One option for minimizing the always-on signal is to not to transmit the system information to UE periodically, and instead UE may request the system information when it is needed by UE. When UE needs the system information, UE may initiate a request to ask for system information to be transmitted to it. 
System information may be transmitted using either common channel or dedicated channel. When a common channel is used, the requested system information may also be shared by other UEs. In order for other UEs to obtain such system information, some methods may be needed to achieve the efficient sharing of system information. One method may be using the predefined time locations which are known to UEs. UE may try to decode the system information in those predefined time locations when system information is needed. 
When a dedicated channel is used, NR-PDCCH may be used to schedule NR-PDSCH to deliver the system information that is requested by the UE. Since it is UE-specific channel, system information cannot be shared by other UEs. When number of UEs increases and amount of the request signal increases, signalling overhead and data transmission overhead may increase significantly since the same copy of data is sent to different UEs using different resources. As compared to common channel in which the same resources are used and shared by UEs to deliver system information, dedicated channel approach may loss its benefit at some degree when number of UEs becomes large. Therefore the efficiency and reduced overhead for on-demand system information approach should be considered for large number of UEs.   
 
Proposal 3: On demand system information, with reduced overhead, should be considered for NR.  

Indicating Tx/Rx reciprocity for RACH access
When beam reciprocity exists, the downlink transmission beam may also be a good indication for the corresponding uplink transmission beam. 
It has been discussed in RAN1 #86 Meeting that TX/RX beam reciprocity should be explored when configuring PRACH resources and designing RACH procedures. Association between PBCH and PRACH resources may be considered to exploit TX/RX beam reciprocity. When TX/RX beam reciprocity holds, the best DL beam for PBCH transmission may be a good indication for the best UL beam for TRP or gNB to receive PRACH or random access preambles. TRP receive beam overhead due to beam sweep can be reduced significantly because a full beam sweep may not be needed due to TRP TX/RX beam reciprocity. In order to exploit such TX/RX beam reciprocity, information should be given from TRP or gNB to the UE so that the UE may optimize its random access preamble transmission. Therefore it is necessary to inform UE about the TRP TX/RX beam reciprocity. This may be implicitly or explicitly signalled to the UE by the PBCH. 

Proposal 4: PBCH should implicitly or explicitly indicate the Tx/Rx beam reciprocity of the system. 
Proposal 5: Tx/Rx beam reciprocity should be used to associate the PRACH uplink beam with the PBCH downlink beam.

Efficient Channel Coding for System Information Transmission
In LTE, multiple types of system information are contained in different SIBs (system information block), and these SIBs may be sent using different resources. It is also possible in NR that multiple SIBs could be processed jointly before their transmissions and transmitted on a single resource. 

One case is that TRP or gNB could simultaneously broadcast multiple SIBs jointly. Another case is that UE may request several desired SIBs, and TRP or gNB could transmit these SIBs to UE in one shot. 
The channel coding of these SIBs could be based on polar codes. In order to support the encoding of variable number of SIBs with their associated coding rate, the flexible polar encoding scheme needs to be designed. 
In the above joint processing of multiple SIBs case, the component SIBs may be of different priorities. For example, SIB1 is more important than other SIBs and it should be of highest priority. In general, SIB_X is more important than SIB_Y, if X<Y. Hence, SIB_X should be of higher priority than SIB_Y. In the case on-demand SIBs, i.e., UE requests to get several SIBs from gNB, UE may provide the priority order of its required SIBs. 
It is known that polar codes have different reliability levels of its bit channels. When these reliability levels are associated with the priority orders of the SIBs, then higher priority SIB could be successfully decoded with larger probability. This association decision could also be incorporated in the flexible polar encoding scheme

[bookmark: _GoBack]Proposal 6: Priority-based channel coding for multiple SIBS should be considered for system information transmission.


Summary
This contribution discussed some design principles for PBCH and system information transmission for NR. The following proposals are suggested:

Proposal 1: The always-on beams and always-on signals of system information should be minimized. 
Proposal 2: PBCH transmission based on all or a subset of the beams in a beam sweep should be enabled.
Proposal 3: On demand system information, with reduced overhead, should be considered for NR.  
Proposal 4: PBCH should implicitly or explicitly indicate the Tx/Rx beam reciprocity of the system. 
Proposal 5: Tx/Rx beam reciprocity should be used to associate the PRACH uplink beam with the PBCH downlink beam.
Proposal 6: Priority-based channel coding for multiple SIBS should be considered for system information transmission.
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