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1	Introduction
In [1] RAN1 has asked RAN2 to provide guideline wrt. minimum system information:
RAN1 respectfully asks RAN2 to clarify
· the contents and RAN2 preferred size of minimum system information 
· whether it can be delivered by on demand. 
Furthermore, RAN2#96 reached the following agreements:
Agreements
1: 	For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).
2: 	There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 
3:	If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.
4	Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.

This contribution addresses the request by RAN1 and proposes options for way forward.
2	Discussion
2.1	On demand delivery of minimum system information
RAN1 asked whether minimum system information, or rather part of it (please note that according to [1] RAN1 is still studying both the cases where ‘all/full’ minimum system information and ‘part of’ minimum system information is carried in NR-PBCH. If ‘part of’ minimum system information is sent in NR-PBCH then we have ‘remaining/rest of’ minimum system information to contend with), is able to be provided on demand for the UE. For instance, this could be done in response to initial UL transmission (like PRACH preamble transmission) that the UE could perform based on information received via NR-PBCH, as per Examples 2 and 4 in the LS [1]. However, based on the analysis in, e.g., [2], NR-PBCH/NR-MIB size could be to the extent of 24 bits (not including CRC) for sufficient link budget or at most 1 or 2 bytes more. Thus, given the essentiality of some L1 parameters to be put into NR-MIB, the content size of NR-MIB cannot accommodate the full required minimum system information (e.g. the cell selection info like minimum cell quality, and cell access related information like PLMN, cell barring, operator reservation, intra frequency re-selection etc.) for the UE to be able to determine whether there will be any value for it to even transmit the initial UL transmission. Polling for the rest of the minimum system information that cannot be accommodated in NR-MIB, from the cell could increase the UE power consumption considerably as well as the load on the PRACH channel. Hence, UE that is performing the cell selection or re-selection procedure without any pre-knowledge of a cell (like stored system information) should not need to poll for the rest of the minimum system information to be able to determine whether the cell is accessible for it but consider the cell as non-accessible/barred if not all minimum system information is provided by broadcast in the cell. Whether UE considers the cell as barred or not also depends on whether the UE has stored minimum system information from a previously visited cell. 
Proposal 1: UE shall consider a cell as barred if UE has no valid stored minimum system information available and not all minimum system information is broadcast in the cell.
However, such cells (e.g., that broadcast only NR-PBCH) should be allowed in the system where the UE may have gotten the rest of the required minimum system information, e.g., from a previously visited cell. This would enable more flexible deployments where NW could direct/allow only selected UEs to be able to camp on certain cells as well as reduce the system information broadcast overhead. In this case, only part of the minimum system information is required by the UE from the given cell before being able to camp on it (including some validity information) – this applies also to the case where all the minimum system information would be broadcast by the cell. This is considered to be minimum system information pre-provisioning by the network and not as such “on demand” delivery of minimum system information due to UE’s request in the given cell.
Proposal 2: Cells that broadcast only NR-PBCH i.e. containing part of the minimum system information, are allowed in the network. In this case, the UE receives only part of the minimum system information from the cell while using the rest of the minimum system information that is stored from a previously visited cell.
Proposal 3: Indicate to RAN1 that on-demand delivery of minimum system information is not supported but not all the cells are required to broadcast all the minimum system information i.e. full minimum system information.
Based on the above, a simple flow chart is depicted in the below Figure 1 about the UE procedure for evaluating the cell for camping.


Figure 1. UE procedure for evaluating cell for camping.
2.2	Minimum system information content size
Second question by RAN1 was about the content size of the minimum system information. As discussed previously (e.g., in RAN2#95 [3]), the minimum system information should at least include information to support cell selection, information for acquiring the other system information, and information for accessing the cell. Considering the system information of LTE as a baseline, these would roughly correspond to information in MIB, SIB1 and SIB2:
1. Master Information Block (MIB) containing the most essential physical layer information of the cell required to receive further system information.
2. System Information Block (SIB) Type 1 containing the parameters needed for cell selection and access related info as well as acquisition of other system information blocks.
3. SIB 2 containing the information about access class barring, common radio resource configuration, and UE access related timers and constants.
Observation 1: Considering LTE baseline, most of the information carried in LTE MIB/SIB1/SIB2 could be considered as information of minimum system information in NR.
As discussed above, generally part of the minimum system information needs to be always broadcast by any cell the UE with stored system information would be allowed to camp. This absolute minimum system information could consist of, for instance, SFN (System Frame Number) and validity of minimum system information for UE to be able to apply the stored system information. Additionally, to be able to address the PCI (Physical Cell ID) confusion problem better in NR compared to LTE, it was proposed in [4] to increase the PCI space notably (e.g., in the extend of 80 000 PCIs). This would also leverage the usage of cells where only part of minimum system information would be broadcasted since UE would have only the PCI to identify a cell. These might require roughly ~20 bits which could fit into the NR-PBCH/NR-MIB.
Proposal 4: At least SFN (System Frame Number) and information confirming stored system information validity is required to be broadcast by each cell the UE may be allowed to camp. These may require ~20 information bits.
However, the rest of the minimum system information that would correspond to the content of SIB1 and SIB2 in LTE requires much more information bits which could be several hundreds of bits. Indeed, accounting the mandatory fields alone in SIB1 and SIB2 requires roughly up from 250 information bits which does not take even the access class barring IEs into consideration. Of course, not all the common L1 configuration parameters might be required or there might be other different parameters may be required in NR compared to LTE but RAN1 should consider how to minimize the L1 parameters related content size – currently the common L1 parameters consume over 100 bits in SIB2.
When it comes to the higher layer information elements that are required, RAN2 shall discuss what will be essentially required as part the minimum system information and with which mechanisms this information can be minimized. The considered essentially required information which cannot be avoided from being part of the minimum system information include at least:
-	PLMN identity (24 bits – 144 bits);
-	Cell Identity (28 bits);
-	Tracking Area Code (16 bits);
-	Cell Barred (1 bit);
-	Cell reserved for operator use (1-6 bits);
-	Frequency Band Indicator (8 bits);
-	More specific Access barring information (N bits);
-	Scheduling of other system information (1…N bits).
In summary, at the bare minimum roughly 100 bits content size for minimum system information will be required if not all parameters need to be indicated with dedicated IEs but they could be hidden behind some configuration identity (e.g., default configurations), however, this would not yet allow any extensions that are essential for future proofness. Thus, much more bits should be requested by RAN1 to be supported, e.g., in the extent of 250 bits.
Proposal 5: Consider the above listed parameters to be at least essential to be included in minimum system information as separate IEs.
Proposal 6: Consider minimum system information content size in the extent for 250 bits to be requested from RAN1.
3	Conclusion
The contribution discussed the questions presented by RAN1 in an LS [1] to RAN2 and the following observations and proposals were made.
Proposal 1: UE shall consider a cell as barred if UE has no valid stored minimum system information available and not all minimum system information is broadcast in the cell.
Proposal 2: Cells that broadcast only NR-PBCH i.e. containing part of the minimum system information, are allowed in the network. In this case, the UE receives only part of the minimum system information from the cell while using the rest of the minimum system information that is stored from a previously visited cell.
Proposal 3: Indicate to RAN1 that on-demand delivery of minimum system information is not supported but not all the cells are required to broadcast all the minimum system information i.e. full minimum system information.
Observation 1: Considering LTE baseline, most of the information carried in LTE MIB/SIB1/SIB2 could be considered as information of minimum system information in NR.
Proposal 4: At least SFN (System Frame Number) and information confirming stored system information validity is required to be broadcast by each cell the UE may be allowed to camp. These may require ~20 information bits.
Proposal 5: Consider the above listed parameters to be at least essential to be included in minimum system information as separate IEs.
Proposal 6: Consider minimum system information content size in the extent for 250 bits to be requested from RAN1.
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