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Introduction
Compared with the previous paper, the following changes have been made:
· Update the Table 1-2 and the Proposal 1-2, according to the agreements on system information in the recent RAN1 and RAN2 meetings.
The contents of system information have been discussed for several meetings and some agreements have been achieved and captured in [1]. 
	With regards to system information provisioning on stage-3 level:
· The minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.
-	A unique global cell ID is broadcast for an NR cell.
· If network allows on demand mechanism, parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) shall be included in minimum SI.
· Cell-reselection neighbouring cell information is considered as other SI.
· PWS information can be classified into the other SI.
· The scheduling information for the other SI includes SIB type, validity information, SI periodicity and SI-window information and is provided irrespective of whether the other SI is periodically broadcast or not.
· The scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand. If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-window at every SI periodicity. Therefore the UE may send an SI request to receive this SIB.
· Broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one cell may be valid also in other cells.
· It is FFS what the index/identifier is, e.g. single index or area plus value tag, etc



For the MIB Content, the following agreements have been made in RAN1#89 and RAN1 Adhoc, indicated in the LS from RAN1 [2]:
	Agreements:
· RAN1 has agreed to include the following information in the NR-PBCH:
· (Part of) SFN: [7 - 10] bits
· Information for remaining minimum system information scheduling: [x] bits
· Bits reserved for future use: [x] bits
· CRC: [16+y] bits

· Additionally, RAN1 is discussing whether the following L1 related information needs to be included: 
· Information regarding bandwidth part: [x] bits
· Information for quick identification that there is no corresponding RMSI to the PBCH: [0-1] bits
· SS burst set periodicity: [0-3] bits
· Information on actual transmitted SS block(s): [0-x] bits
· Information on tracking RS: [x] bits
· Timing information within radio frame: [0 - 7] bits
RAN1 also ask RAN2 to consider the necessity including the following higher layer information in the NR-PBCH in the LS [2]:
· Hyper-SFN
· Information for quick identification that UE cannot camp on the cell
· Area ID
· Value tag
· Cell ID extension

· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
FFS: 5 ms half radio frame interval indicationRemaining bits of the timing information are carried explicitly in the NR-PBCH payload


In RAN1 #90, #90bis and the latest #Ad hoc meeting, there are some update on MIB content as follows:
	Agreements
· SS block time index:
–	3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
–	b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz
· 	    •	3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)
· SS burst set periodicity is not carried in NR-PBCH payload 
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· 10-bit SFN is carried by NR-PBCH
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· (working assumption) The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold


Then in RAN2 # Ad hoc, the following agreement had been achieved based on the RAN1 LS:
	Agreements
· For cell ID extension we can indicate to RAN1 that RAN2 understand this to be referring to physical cell ID extension (i.e. not related to GCI) and RAN2 has not identified a RAN2 need for Cell ID extension and leave the discussion and final decision whether this is needed to RAN1. Can further indicate that there will be a GCI in SIB1. Can also indicate that adding such an extension in future releases would be possible but it would not be understood by legacy UEs.
· There is some indication in MIB that a cell is not campable (at least to address the NSA cell case). If additional information is needed then at most this information would be 2 bits. 
· FFS whether the SIB1 presence flag (understood to be RMSI in RAN1's terminology) or omission of SIB1 scheduling information could be used for this purpose or an additional indicator (could be today's cellbarred bit) is needed. 
· FFS whether an intra-freq Reselection indicator would be useful in MIB. 
· RAN2 will let RAN1 conclude how much of SFN to include in MIB and RAN2 can further discuss how much additional SFN should be carried in a SIB. 
· RAN2 will indicate to RAN1 that no value tag/area related info will be included in MIB


In last RAN2 #99, the following agreement had been achieved 
	Agreements
· Synchronisation information (1 bit) is provided to inform that the UE can utilise serving cell timing to derive the index of SS-block transmitted by neighbour cell (e.g. radio frame or SFN or symbol level synchronisation)
· The synchronisation information can be provided via both dedicated RRC signalling and broadcast, but not via NR MIB


In the last RAN2 meeting, the following agreements are achieved:
Agreements (replace the WA from previous meeting that is not confirmed)
· "cellBarred" IE (corresponding to "Information for quick identification that UE can't camp on the cell" in RAN1 LS) is present in the MIB and it has the same effect as the LTE "cellBarred" IE.
FFS Duration of the barring timer.
· "intraFreqReselection" IE is present in the MIB and it has the same effect as the LTE “intraFreqReselection” IE
FFS Whether additional "cellBarred" and "intraFreqReselection" IEs are signalled in NR SIB1
· At least one spare bit is needed for RAN2 purposes in future.
There are still FFS and open issues of contents of system information. This contribution provides some discussion on the organization and contents of system information in NR. 
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Discussion
0. Minimum System Information
Content of Minimum SI

Based on RAN2 agreements, the minimum SI can be regarded as roughly equivalent to the information contained in MIB/SIB1/SIB2 in LTE, and Minimum SI shall enable the UE to camp on the cell and access the cell. Then such minimum SI should comprise at least:

	1. PLMN selection and cell selection;
2. Information necessary to access the cell for either requesting the Other SI or initiating transition to RRC connected mode
3. Information of other SIs available in the cell, including the SIB type and validity information 
4. Scheduling information for periodically broadcasted SI-block(s), the scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information
5. Configuration for requesting other SIB(s) if on demand mechanism is allowed




Although some specific IEs might not be same, e.g. numerology related IEs and slice related IE, the most of the functions and information are also supported in LTE. Based on this, we provides the initial content of MIB and RMSI in the following sections:

Parameters in MIB
[bookmark: OLE_LINK37]MIB will be sent on the NR-PBCH channel, while the other minimum SI will be sent on the NR PDSCH channel. As agreed in RAN1 and RAN2 and discussed in [3], we prefer to only include the necessary information in the MIB, as shown in Table1.
Table 1: Parameter and size of NR-PBCH
	Parameter 
	Comment
	Need for NR

	Duration
	PHICH-structure

	NO NEED

	Resource
	PHICH-structure

	NO NEED

	SFN
	10
	YES

	Information for quick identification that UE can not camp on the cell
	cellBared indication
	1
	New

	
	intraFreqReselection indication
	1
	

	Timing information within radio frame
	SSB time index
	3
	New

	
	Half frame indication
	1
	

	PRB grid offset
	4
	New

	Numerology Indication for RMSI, Msg.2/Msg.4, OSI
	1
	New

	RMSI scheduling information
	FFS
	Yes

	[Information regarding bandwidth part]
	FFS
	New

	Information for quick identification that there is no corresponding RMSI to the PBCH
	FFS
	New

	Information on tracking RS
	x
	New

	Reserved bits
	1+x
	Update

	CRC bits
	24
	Update

	Total
	46+[x]
	Total



Proposal 1: The basic information of PBCH in NR includes SFN, baring information, timing information within radio frame, PRB grid offset, Numerology indication, information on tracking RS, and some other information.
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Table 2: Parameters of RMSI
	Parameter
	Comment
	Need for NR

	CellAccessRelatedInfo
	Depending on the NR progress 
	YES

	CellSelectionInfo
	Depending on the NR progress
	YES

	TDD specifics

	Depending on the NR progress
	YES

	schedulingInfoList
	
	Update

	· SIB type
· Validity information
· SI periodicity
· SI-window information

	Similar with LTE
	YES

	· Indication whether SI block is periodically broadcasted or provided on demand
	For supporting on-demand SI
	New

	· Area ID
	For supporting stored SI
	New

	· Value tag
	For supporting stored SI, SIB specific
	Update(TBD)

	Information on SUL
	The threshold for initial access 
	New

	Information on BWP
	TBD
	New

	H-SFN
	For extended SFN
	New

	Information on actual transmitted SS block(s)
	Informing UE the actual transmitted SSB
	New

	AC Barring Info	
	Depending on the NR progress
	YES

	UL frequency Info
	Depending on the NR progress(need to add some information regarding SUL and BWP)
	YES

	RadioResourceConfigCommon
	Depending on the NR progress(need to add some information regarding SUL and BWP)
	YES

	UE Timers and Constants

	Depending on the NR progress
	YES

	timeAlignmentTimerCommon
	Depending on the NR progress
	YES

	Other Parameters

	
	YES

	Extended Information 

	
	YES

	mbsfn-SubframeConfigList
	
	Not for R15

	voiceServiceCauseIndication-r12
	
	May not, depends on the cause value design.

	udt-estrictingForCommon-r13
	
	FFS

	udt-RestrictingPerPLMN-List-r13
	
	FFS

	cIoT-EPS-OptimisationInfo-r13
	
	Not for R15

	useFullResumeID-r13
	
	Not for R15



Proposal 2: The basic information of RMSI in NR includes CellAccessRelatedInfo, CellSelectionInfo, TDD specifics, schedulingInfo with the indication of the broadcast status for other SI, Area ID and Value tag, ACBarringInfo, UL frequency Info, RadioResourceConfigCommon, some information regarding SUL and BWP, UE Timers and Constants, and timeAlignmentTimerCommon. 

Structure of minimum SI
To key point of structure design of minimum SI is to consider the capacity of one scheduling unit and the size of the RMSI. As agreed in RAN1, PBCH will indicate the information for remaining minimum system information scheduling. This means that there is no limitation of usage of default numerology/ TTI length of RMSI, which is a kind of dynamic scheduling mode. Hence, it is possible that one scheduling unit is enough to transmit all the remaining minimum SI, based on the above analysis. Although splitting the RMSI into SIB1 and SIB2 can provide the flexibility of processing different priority information in different transmission cycles, considering the time limitation of transmission in high frequency scenarios, the benefit is weakened. Then, it is preferred to name RMSI as “SIB1” to facilitate the number of SIBs of other SI.
 
Observation 1: Since there is no limitation of usage of default numerology/ TTI length of RMSI and it is a kind of dynamic scheduling mode for the RMSI, it is possible that one scheduling unit is enough to transmit all the remaining minimum SI.  
Observation 2: Although splitting the RMSI into SIB1 and SIB2 can provide the flexibility of processing different priority information in different transmission cycles, considering the time limitation of transmission in high frequency scenarios, the benefit is weakened.
Therefore, it is proposed:
Proposal 3: Minimum SI in NR includes MIB and RMSI, without splitting into SIB1 and SIB2.
Proposal 4: it is preferred to name RMSI as “SIB1” to facilitate the number of SIBs of other SI.


0. Other SI
As specified in [1], the other SI encompasses everything not broadcast in the minimum SI. And Other SI in NR shall include the rest of the SIBs (i.e. SIB3, SIB4, etc). The detailed content of the system information blocks depends on further study. Reselection parameters are already agreed to be classified into other SI, then LTE SIB3~5 can be taken as baseline. The functions of Relay, heNB, WLAN, D2D, SCPTM, NB-IoT and V2X are not in the scope of rel15 NR. Hence, the corresponding SIB9, SIB17-SIB21 are not needed in other SI. Similarly, SIB 6-8 are not needed as well since we do not support interworking with UMTS/GERAN/CDMA in rel-15. 
Proposal 5: Reselection parameters can take LTE SIB3~5 as baseline and are classified into Other SI.
Proposal 6: Since the functions of Relay, heNB, WLAN, D2D, SCPTM and V2X are not in Rel15 NR, the corresponding SIB9, SIB17-SIB21 are not needed in other SI. Similarly, SIB 6-8 are not needed as well since no interworking with UMTS/GERAN/CDMA in Rel-15.
In last meeting, it has been agreed that synchronisation information (1 bit) is provided to inform that the UE can utilise serving cell timing to derive the index of SS-block transmitted by neighbour cell (e.g. radio frame or SFN or symbol level synchronisation). And it is concluded that the synchronisation information can be provided not via NR MIB. Considering that synchronisation information (1 bit) is provided to inform that the UE can utilise serving cell timing to derive the index of SS-block transmitted by neighbour cell (e.g. radio frame or SFN or symbol level synchronisation), it is better to locate the information in the cell reselection information. Currently, the cell reselection information in LTE is per carrier, e.g., SIB3 (intra-freq reselection)/ SIB5 (inter-freq reselection). It is desirable that similar configuration will be considered in NR.
Besides, according to RAN1 AH2 agreements, it was said that “When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)”. It is reasonable that the synchronization information should be provided per carrier.
Proposal 7: The synchronisation information is provided per carrier and will be located in cell reselection information.


Conclusion
The contribution addressed the detailed design on the contents of System Information for NR. The resulting observations and proposals are as follows:
Observation 1: Since there is no limitation of usage of default numerology/ TTI length of RMSI and it is a kind of dynamic scheduling mode for the RMSI, it is possible that one scheduling unit is enough to transmit all the remaining minimum SI.  

Observation 2: Although splitting the RMSI into SIB1 and SIB2 can provide the flexibility of processing different priority information in different transmission cycles, considering the time limitation of transmission in high frequency scenarios, the benefit is weakened.

Proposal 1: The basic information of PBCH in NR includes SFN, baring information, timing information within radio frame, PRB grid offset, Numerology indication, information on tracking RS, and some other information.
Proposal 2: The basic information of RMSI in NR includes CellAccessRelatedInfo, CellSelectionInfo, TDD specifics, schedulingInfo with the indication of the broadcast status for other SI, Area ID and Value tag, ACBarringInfo, UL frequency Info, RadioResourceConfigCommon, some information regarding SUL and BWP, UE Timers and Constants, and timeAlignmentTimerCommon. 

Proposal 3: Minimum SI in NR includes MIB and RMSI, without splitting into SIB1 and SIB2.

Proposal 4: it is preferred to name RMSI as “SIB1” to facilitate the number of SIBs of other SI.

Proposal 5: Reselection parameters can take LTE SIB3~5 as baseline and are classified into Other SI.

Proposal 6: Since the functions of Relay, heNB, WLAN, D2D, SCPTM and V2X are not in Rel15 NR, the corresponding SIB9, SIB17-SIB21 are not needed in other SI. Similarly, SIB 6-8 are not needed as well since no interworking with UMTS/GERAN/CDMA is in Rel-15.

Proposal 7: The synchronisation information is provided per carrier and will be located in cell reselection information.
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