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1 Introduction

RAN#95bis discussed System information aspects and made the following agreements:
Agreements

1: 
In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs/

2: 
PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.

FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp

FFS Whether there are cells in the system where the UE cannot camp.
In this contributes we discuss the FFSs above.

2 Discussion
As per RAN2 #95 agreement, minimum SI will be periodically broadcasted. The motivation of this agreement is to reduce system information distribution overhead, system access latency and UE power consumption. However, the content of the minimum SI is still not fully defined. As a general design principle, the system information distribution should be flexible to ensure future proofness and smooth introduction of new services and features. With beamforming, the system information transmission overhead (time/frequency resources) is N times the overhead of transmission without beamforming.  The overhead of SI transmission even when only minimum SI is periodically broadcasted might still be significant for always broadcast. In addition, control plane latency including system access latency, a key KPI to consider will be much more stringent than that of the current cellular systems for many targeted use cases.
RAN2 should avoid earlier generation system limitations, of one solution fits all. Solutions that are flexible enough to scale and adapt to various deployment scenarios across the many verticals targeted by the NR ought to be considered.  Some SIs will obviously be common across cell, the UE should not be required to re-acquire these common SIs as it moves across cells. Similarly the network should have the flexibility to avoid redundant SI transmission within localized geographical areas.

Proposal 1: All “cells/TRPs” are not required to periodically broadcast the minimum SI. 
The next question one may ask is whether UE should be allowed to camp on a cell that doesn’t broadcast the minimum SIs? 

The UE needs to be able to determine unambiguously whether it may camp on a detected cell and whether/how it may access it. Although the content of the minimum SI is yet to be fully defined, RAN2 has agreed that the minimum SI Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell.  Therefore, as per RAN2 agreement, a UE that has a valid minimum SI for a detected cell, has the necessary information to determine unambiguously whether it may camp on that cell and whether/how it may access it. However, the minimum SI the UE uses to camp on a cell may not be broadcasted by that cell. This information may be a stored SI that the UE has previously acquired for e.g. from an overlay cell or the UE is pre-configured with. For e.g. an overlay macro cell operating on a low frequency range (e.g. NR cell or LTE cell) may be used to provide minimum SI applicable to underlay micro/pico cells operating on high frequency range.
Observation 1: As per RAN2 agreement on minimum SI, a UE that has a valid minimum SI for a detected cell, has the necessary information to determine unambiguously whether it may camp on that cell and whether/how it may access it, regardless of whether the minimum SI is broadcasted by the cell or not.
In LTE, the purpose of camping on a cell in idle mode includes the following (36.304): 
a) It enables the UE to receive system information from the PLMN. 
b) When registered and if the UE wishes to establish an RRC connection, it can do this by initially accessing the network on the control channel of the cell on which it is camped
c) It allows the PLMN to know (in most cases) for the registered UE, the set of tracking areas in which the UE is camped. The network can therefore page the UE on the control channels of all the cells in this set of tracking areas and the UE can respond on the control channel of the cell on which it is camped
d) It enables the UE to receive ETWS and CMAS notifications.
e) It enables the UE to receive MBMS services
UE camping objective a):

We assume the above objectives for camping are likely to also be applicable for NR. For the objective a), the UE must be able to continue to monitor the system information and acquire any required update once it has camped on a cell. Assuming the serving cell i.e. the cell the UE is camped on is not broadcasting the minimum SI, the UE still needs to know when there is a change to the minimum SI and then acquire the update from another cell.  The UE may learn about change of minimum SI from a cell (e.g. overlay cell) providing minimum SI applicable to the serving cell (e.g. underlay cell), or the UE may learn about the change directly from the serving cell, even if this cell is not broadcasting the minimum SI. The LTE approaches used for notification of system information change (e.g. concept of modification period & paging, value tag) may be used. In case the notification of change is provided from a cell other than the serving cell, there might be an additional power consumption penalty as oppose to the scenario where the change notification is provided by the serving cell. In either case, the UE will acquire the update to the minimum SI from a non-serving cell. Furthermore, once the UE is notified of system information change, acquiring system information update from a non-serving cell may also require the UE to perform additional steps compare to the scenario where the minimum SI is broadcast by the serving cell, such as detection and DL synchronization on that non-serving cell. These extra tasks might translate into additional power consumption penalty but this is likely outweighed by the UE power consumption penalty should the UE have to acquire minimum SI on underlay micro/pico cells. In this regard, it should be noted that in a deployment of overlay cells and underlay cells, beamforming in underlay cells may be more extensive than in overlay cell which means there is potentially anyway a larger UE power consumption penalty in receiving minimum SI on underlay cells. Furthermore, the additional UE power consumption penalty of acquiring the minimum SI from a non-serving cell may be avoided if the UE already has multiple version of stored minimum SIs possibly together with associated value tags and/or minimum SI indexes where each index point to a minimum SI configuration in the system information table stored in the UE. This concept of pre-configured system information Table with index based provisioning or similar concepts have been described in other contributions ([2], [3], [4], [5], [6]).  Upon minimum SI change notification (possibly from the serving cell), the UE retrieved from its set of stored set of minimum SIs, the updated minimum SI without needs to detect or synchronized on a non-serving cell.  At least for deployment consisting of overlay macro cells (e.g. LTE cells) with underlay micro/pico cells where beamforming is extensively used in the underlay micro/pico cells, there are some clear benefits in allowing UE to camp on cells that don’t broadcast the Minimum SI, for e.g. in terms of network energy efficiency, interference reduction, shorter system access latency with little or no power consumption penalty to the UE.  NR design should not preclude UE from camping on a cell that doesn’t broadcast the minimum SI.
Observation 2: UE camping objective a) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
UE camping objective b):
Taking LTE design as a baseline, regardless of whether or not the minimum SI is broadcasted by the cell the UE camps on, assuming the UE has valid system information, once the UE acquire DL synchronization with the serving cell and has knowledge of the serving PCI, the UE knows the CRS. From this point on, and like any other UE which would have had similar set of information in a cell broadcasting the minimum SI, the UE has knowledge of the necessary control channels to initiate RRC connection establishment. This objective can therefore be fulfilled by UE that camps on a cell not broadcasting minimum SI.

Observation 3: UE camping objective b) can be fulfilled even if the serving cell doesn’t broadcast minimum SI. 
UE camping objective c):
A consequence of observation 3 is that the UE can perform location registration and therefore the PLMN is able to know the set of tracking areas in which the UE is camped. Also, taking LTE paging design as a reference, the UE can monitor paging from the cell the UE is camped on by monitoring P-RNTI within PDCCH of subframe that belongs to paging occasion. The UE camping objective c) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.

Observation 4: UE camping objective c) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
UE camping objective d): 

RAN2 has agreed that PWS information can be classified into other SI.  Once the UE camps on a cell, the UE can acquire other SI from the network either via broadcast signalling or dedicated signalling. As a result, the UE can receive PWS information (e.g. ETWS and CMAS) from the serving cell regardless of whether or not Minimum SI is broadcasted by the cell.
Observation 5: UE camping objective d) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
UE camping objective e):

The system information required to acquire the MBMS control information can be considered other SI. Therefore, similarly to the rational of observation 5, the UE can acquire other SI from the network either via broadcast signalling or dedicated signalling. As a result, the UE can receive MBMS control information from the serving cell regardless of whether or not Minimum SI is broadcasted by the cell.
Observation 6: MBMS control information can be classified into other SI.
Observation 7: UE camping objective e) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
Proposal 2: In NR, UE is allowed to camp on cell not broadcasting minimum SI.
Proposal 3: Minimum SI is not broadcasted in every cell on which a UE can camp.
RAN2 should also consider approaches where the system information are not always explicitly signalled to the UE. For example as suggested in [2], the UE may be configured with a system information table where each entry in the table contain a system information configuration. The table and the index could be broadcasted with different periods with the index being broadcasted more frequently. The tables may even be preconfigured tables.  
It should be noted that this approach also has the advantage to reduce the transmission cost (time/frequency resources, latency, energy efficiency, etc.) not only for minimum SIs but also for other SIs. 
Proposal 4: RAN2 should study System information provisioning approaches where SIs are distributed but actual system information configurations are not all always explicitly signalled over the air interface.
Another open issue is whether there are cells in the system where the UE cannot camp.

In LTE, a barred cell is a cell a UE is not allowed to camp on, and a cell is barred if it is so indicated in the system information. For e.g. in LTE, the network can indicate that a cell is barred in SIB1 (for access to all UE) if the cell is under maintenance. In NR, like in LTE, operator may have need to bar a cell so no UE can camp on that cell for operator specific reasons e.g. network maintenance reason, regardless of system information distribution scheme.

Observation 8: Operator may configure a cell as barred cell for operator specific reasons regardless of system information distribution scheme.

Proposal 5: NR shall support cell barring i.e. a cell a UE is not allowed to camp on.
3 Conclusion

In this contribution, we discuss some of the FFSs from RAN2#95bis discussion on System Information and make the following observations and proposals:
Proposal 1: All “cells/TRPs” are not required to periodically broadcast the minimum SI. 

Observation 1: As per RAN2 agreement on minimum SI, a UE that has a valid minimum SI for a detected cell, has the necessary information to determine unambiguously whether it may camp on that cell and whether/how it may access it, regardless of whether the minimum SI is broadcasted by the cell or not.
Observation 2: UE camping objective a) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.

Observation 3: UE camping objective b) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
Observation 4: UE camping objective c) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
Observation 5: UE camping objective d) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
Observation 6: MBMS control information can be classified into other SI.
Observation 7: UE camping objective e) can be fulfilled even if the serving cell doesn’t broadcast minimum SI.
Proposal 2: In NR, UE is allowed to camp on cell not broadcasting minimum SI.
Proposal 3: Minimum SI is not broadcasted in every cell on which a UE can camp.
Proposal 4: RAN2 should study System information provisioning approaches where SIs are distributed but actual system information configurations are not all always explicitly signalled over the air interface.
Proposal 5: NR shall support cell barring i.e. a cell a UE is not allowed to camp on.
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