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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
In this contribution we discuss about how to deliver the other system information than minimum system information discussed in [1,2].
RAN1#87, RAN1#AH1_NR, RAN1#88 and RAN1#88bis [3,4,5,6] agreements related to the delivery mechanism for the remaining minimum system information and other SI are captured in Appendix A. RAN1#89 made the following agreements related to delivery of remaining minimum system information [7]:
	Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging



2	On Delivery of Other System Information
2.1	Numerology
In last RAN1 meeting, RAN1 received a LS from RAN4[8] informing the agreements made on the support sub-carrier spacing’s for different frequency ranges, summarised as follows:
1. SCS supported for bands below 1 GHz
0. 15kHz, 30kHz
0. The decision of supporting 60kHz is pending RAN1 check
1. SCS supported for bands between 1GHz and 6GHz
1. 15kHz, 30kHz, 60kHz
1. SCS supported for bands above 24GHz and below 52.6GHz
2. 60 kHz, 120kHz
2. 240kHz is not applicable for data
· 240kHz for data can be further considered if a clear benefit is shown 
For SS block comprising NR-PSS, NR-SSS, NR-PBCH and DMRS, RAN1 has concluded applicable SCS options being 15, 30, 120 and 240 kHz. It is RAN1 assumption that RAN4 will eventually map the sub-carrier used of NR-SS and NR-PBCH for a given band. Also the RAN4 considers (in [6]) that the sub-carrier support will be band specific. Hence, it can be expected that in order to be able to support certain frequency band, UE would need to support sub-carrier spacing’s associated with the band. 
Observation: Frequency band support could be associated with the supported numerologies.
It can be seen for example that 60kHz sub-carrier spacing is only applicable for data, while it is not currently considered for NR-SS transmission. When the sub-carrier spacing that will be used for NR-SS (and NR-PBCH) deployment, it is likely to be some level of compromise over different type of deployments and scenarios. Hence there can be cases where it is desirable to use different sub-carrier spacing for data compared to the NR-SS for example, to meet for example different latency or flexibly extend the carrier.
So from deployment perspective, there can be a need to differentiate the used sub-carrier spacing from the one defined for NR-SS if it differs from the numerology that would be preferred to be used as the ‘native’ numerology for PDCCH and PDSCH. However, from UE perspective, having too frequent numerology changes might be undesirable. Too frequent numerology changes (e.g. within slot) may complicate UE reception and/or power consumption). Thus it would be beneficial aim to have consistent numerology for DL if feasible.
Limiting that PDCCH+PDSCH that is used to deliver OSI uses same numerology as PBCH, could restrict the interleaving of CSS (CORESET for OSI) and USS (for other users) with different numerologies, possibly restricting the scheduling flexibility. Also in non-interleaved mapping with FDM of numerologies the scheduling flexibility and efficiency could be restricted as different CORESETs could have different, non-aligned time duration (due to different scs). To allow transmitting NR-PDCCH and NR-PDSCH for OSI delivery in efficient manner in same slot as used for other downlink transmission our preference is where RMSI signals the SCS of the other system information:
Proposal: RMSI signals SCS as well as other configuration for the NR-PDCCH and NR-PDSCH used to deliver the other system information.
2.2	On physical channels for OSI delivery
Related to OSI delivery, the following agreements were reached in RAN1#88bis:
	Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.



For the delivery of OSI, the delivery mechanism is considered to be similar to RMSI, i.e. based on Option 1 that NR-PDCCH provides the scheduling information of broadcast NR-PDSCH.
Proposal: Adopt option 1: NR-PDCCH provides the scheduling information of broadcast NR-PDSCH for OSI delivery.
2.3	OSI delivery mechanism
RAN2#98 made the following agreements related to OSI delivery mechanism [9]:
	Agreements
1:	For MSG1 based SI request, the minimum granularity of requested SI is one SI message (a set of SIBs as in LTE).
2:	For MSG1 based SI request, one RACH preamble can be used to request for multiple SI messages.



	Agreements for On demand request for broadcast delivery
1	On demand SI request will maximise commonality with the RACH procedure
2	Network sends an acknowledgement in MSG2 to the UE’s SI request sent in Msg1 
FFS	Network sends an acknowledgement in MSG4 to the UE’s SI request sent in Msg3



	Agreements
1	Only progress on the two agreed approaches for delivering on-demand system information (via dedicated signalling to RRC_CONNECTED UEs; via SI-Message broadcast to RRC_IDLE and RRC_INACTIVE UEs) and refrain from introducing additional solution variants.



In multi-beam configuration there may be one UE requesting one or multiple SI messages. In order to minimize system overhead it should be supported that requested OSI can be transmitted only via one or subset of all the beams. This can be achieved by reusing the RACH procedure principles where selected PRACH preamble indicates preferred DL beam (SS block beam). In other words, NR should support cell specific OSI to be transmitted on one or subset of DL TX beams. 
When considering the two methods, in case of MSG1 based method, it would seem evident that UE would need to be provided in advance with information to obtain the requested SIB’s. As it is proposed that NR-PDCCH is used to schedule the NR-PDSCH carrying the OSI, UE would need to know the corresponding CORESET information. There are two principle approaches that can be considered, either OSI shares the CORESET configuration with RMSI (and possibly with paging) or that OSI is provided with own configuration. In certain scenarios where the bandwidth of RMSI CORESET is limited (e.g. Common bandwidth part is narrow) while the total system bandwidth is wider, in order to avoid any overbooking situations, it could be beneficial to allow use different CORESET. 
Proposal: It is considered to enable support of separate COREST for OSI delivery with MSG1 based method.
It has been agreed by RAN2 (RAN2#98) that the minimum granularity that OSI can be requested is one SI message. The detailed partition of information that will be included in OSI has not yet been determined by RAN2 so the lower limit to the required OSI payload size is not yet known. It is also possible to combine of multiple SI messages behind one RACH preamble. Hence depending on the final SI message sizes, and the number of those combined behind single on-demand identifier (preamble) , the payload size of the single OSI delivery might become large. Of course, the size of the single on-demand packet can be limited by using more RACH preambles to achieve finer granularity, but this can have negative impact to the available RACH capacity for other purposes. Alternatively, to ensure coverage, the information (corresponding to one RACH preamble) could be partitioned to separate physical layer packets, but in case of beamforming this would increase the overhead. In [10] we have evaluated the NR-PDSCH performance using RMSI-like assumptions. Hence it would seem justified that the available system bandwidth could be used as much as possible for the delivery of other system information. Naturally the upper limit would be the lower common nominator of available system bandwidth and the maximum bandwidth supported by the UE’s.
Proposal: OSI delivery should be enabled to use as wide bandwidth as possible to enable efficient delivery.  
[bookmark: _GoBack]For the MSG3 based method, the details of MSG4 content are still open in RAN2, but it has been agreed that the normal RACH procedure is followed, the required allocations (UL/DL) could be provided using the 4-stage RACH procedure. Hence implicitly MSG3 based method should allow to optimize the used delivery mechanism/allocation. 
3	Conclusions
In this contribution we discussed about delivery of other system information, and following observations and proposals were made
Observation: Frequency band support could be associated with the supported numerologies.
Proposal: RMSI signals SCS as well as other configuration for the NR-PDCCH and NR-PDSCH used to deliver the other system information.
Proposal: Adopt option 1: NR-PDCCH provides the scheduling information of broadcast NR-PDSCH for OSI delivery.
Proposal: It is considered to enable support of separate COREST for OSI delivery with MSG1 based method.
Proposal: OSI delivery should be enabled to use as wide bandwidth as possible to enable efficient delivery.  
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Appendix A – Agreements in RAN#88, RAN1#AH1_NR and RAN1#87
Following agreements related to delivery of remaining and other system information were made in RAN1#88bis:
Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission
· FFS the determination of the SCS for msg  1, 2, and 4

…
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

…
Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.

Following agreements related to delivery of remaining minimum system information and other system information were made in RAN1#88:
Agreements:
· For the minimum system information delivery, 
· Part of minimum system information is transmitted in NR-PBCH
· The remaining minimum system information is transmitted in shared downlink channel via NR-PDSCH
· FFS how the configuration information for the remaining minimum system information is provided, e.g.:
· NR-PBCH provides the control channel search space 
· NR-PBCH provides the scheduling assignment
· Part of the control channel search space/scheduling assignment could be derived by the specification
· FFS numerology for NR-PDSCH for the remaining minimum system information

Following agreements related to delivery of remaining minimum system information and other system information were made in RAN1#AH1_NR:
Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on NR-PDSCH, configuration for NR-PDSCH or control resource set for scheduling NR-PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuation of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters

Following agreements were made in RAN WG1 meeting #87 in Reno, regarding the content and transmission procedure:
Agreements:
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information

Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI




