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Introduction
The agreements on minimum SI achieved in RAN2#95 meeting are listed below [1]:
1: RAN2 to agree on proposals 1, 4, 5, 6 and 7 from [1] to be captured as guidelines for SI design in RAN2 TR with rephrasing of some proposals if needed. 
2: Other mechanisms than periodic broadcast of system information should be studied during study item.
3: Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).
4: Minimum SI needs to be broadcasted periodically.
5: Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell. 
FFS Whether all "cells"/TRPs periodically broadcast the minimum SI.
6: Agree on the terminology of Other SI where other SI comprises everything not broadcasted in minimum SI.
FFS Whether ETWS/CMAS like information would be considered as Other SI or Minimum SI
7: Both network triggered and UE initiated mechanisms for Other SI delivery shall be further studied.
8: It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.
In this contribution, we would look into the details of minimum SI.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]System information distribution should target a single technical framework, which can be used in various deployments. The following two typical scenarios should be considered when designing system information delivery mechanism:
-	Homogeneous deployment where all of cells provide the similar coverage, e.g. macro or small cell only;
- Heterogeneous deployment where cells of different size are overlapped, e.g. macro and small cells.


    
Figure 1   Homogeneous & Heterogeneous deployments
In the left figure, all NR macro “cells” (operate at low frequency) or NR small “cells” (operate at high frequency) should be able to broadcast minimum SI for UE accessing network anywhere under the coverage.
In the right figure, at least the NR macro “cell” is required to broadcast the minimum SI for UE accessing. If beam sweeping operation is applied for NR small “cell”, signalling overhead for system information broadcast may increase significantly. In addition, time/frequency resources consumed for periodic broadcast of system information according to beam sweeping would result in restrictions for data scheduling during beamformed timeslots. Therefore, broadcasting minimum system information in NR small “cell” which operating in high frequency is not a wise method. For heterogeneous scenario, if the small “cell” is in the coverage of macro “cell”, we propose that the macro “cell” can provide the minimum SI of the small “cell” for UEs for the sake of saving signalling overhead and avoiding beamforming restriction in small “cell”. But in some special scenarios, e.g., small “cells” at the edge of macro “cell”, minimum SI would still need to be broadcasted by the NR small “cell” itself.
Proposal 1  Not all "cells" are required to periodically broadcast the minimum SI.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: _GoBack]One of the candidate solutions for minimum SI delivery in heterogeneous scenario is shown in figure 2. Macro “cell” periodically broadcast xSS and minimum SI. Its overlapping small “cells” don’t broadcast minimum SI. UE first camps on the macro “cell” which periodically broadcasts both xSS and minimum SI. And then the serving macro “cell” transmits cell reselection parameters and the minimum SI table of overlapping small “cells” to UE through unicast manner. In the minimum SI table, each set of minimum SI is indexed by a small “cell” id. By detecting xSS of neighbour small “cells”, UE gets the “cell” id and performs cell reselection to find out the best “cell”. UE camps on the best “cell” by leveraging the stored minimum SI table. Therefore, we propose that the minimum SI of one cell can be provided to the UE by another cell.


Figure 2   Flow chart of minimum SI acquisition
Proposal 2  The minimum SI of one cell can be provided to UE by another cell.
It has been agreed in the last meeting that in the 5G system, the UE camps on the best cell. But how the UE determines the best cell is FFS.
In LTE, cell reselection helps the UE to find a more suitable cell and then the UE could camp on it. From the functional point of view, cell reselection related system information should be included in minimum SI to promptly indicate the necessary information for UE to camp on the best cell. But our further considerations are as follows:
1. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]From Table 1, it can be deduced that the size of cell reselection related system information (SIB3-SIB8) would be 284 octets which is almost twice as much as the size of essential system information (MIB/SIB1/SIB2). It also means twice the time/frequency resources would be consumed if cell reselection related system information is included in minimum SI.
Table 1  Size of system information
	SIB type
	SIB size [octet][2]
	SI periodicity [ms]
	General description
	Content

	MIB
	24 bit
	40
	Info to acquire other information from the cell
	dl-Bandwidth, PHICH-Config, systemFrameNumber, 10 spare bits

	SIB1
	59
	80
	cell access and scheduling of other system information
	CellAccessRelated(PLMN-ID, TAC, Cell ID etc) 
cellSelectionInfo
freqBandIndicator
schedulingInfoList
systemInfoValueTag

	SIB2
	110
	Indicated by SchedulingInfoList in SIB1
	common radio resource configuration information
	ac/ACDC-BarringInfo
radioResourceConfigCommon
mbsfn-SubframeConfig

	SIB3
	35
	
	common for cell re-selection
	cellReselectionInfo for intra-frequency, inter-frequency and/ or inter-RAT

	SIB4
	9
	
	intra-RAT cell re-selection
	intra-frequency 

	SIB5
	80
	
	
	inter-frequency

	SIB6
	44
	
	inter-RAT cell re-selection
	UTRA

	SIB7
	12
	
	
	GERAN

	SIB8
	104
	
	
	CDMA2000



2. [bookmark: OLE_LINK9][bookmark: OLE_LINK10]As agreed in the last meeting, minimum SI would always be periodically broadcasted, while it is network decision whether other SI is broadcasted or delivered through UE-specific signalling. From delivery method point of view, it would be more suitable to classify cell reselection related system information as other SI to achieve flexible delivery method. Take an example. NR macro “cell” with heavy load could be configured to broadcast cell reselection related system information so that the resource efficiency, UE power consumption as well as network energy efficiency can be guaranteed. While for NR small “cell” with light load, on demand method may be optimal since only a few UEs stay in this “cell” and require such information. 
Proposal 3  Cell reselection related information should be classified as other SI.
One of the guidelines agreed in the last meeting is: system information distribution should enable a high level of configurability enabling optimization of KPIs such as energy savings and accessibility. This should not only be applicable to other SI, but also fit well into minimum SI.
However that LTE MIB and SIB1 periodic broadcasting occur in fixed subframes would provide some constraints on configurability. One solution for enhancement is to make the physical resources for minimum SI have dynamic or semi-static locations. For example, for the cells with light load, the period of minimum SI could be extended to reduce network power consumption. For the area deployed with URLLC use case, the period of minimum SI should be shortened to meet the stringent latency requirements.


Proposal 4  The period of minimum SI should be configurable.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]One of the functions of minimum SI is to acquire other SI, and it is network decision whether other SI is broadcasted or delivered through UE-specific signalling. With the indication of delivery method, the UE could infer whether it should wait for the broadcast or request for the expected system information using dedicated signalling. Since delivery method is one of the most essential information needed to acquire other SI, it is almost certain to put this information into minimum SI.
Proposal 5  Whether other SI is broadcasted or delivered through dedicated signalling should be indicated in minimum SI.
Conclusions
In this paper, we have discussed minimum SI related issues and have the following recommendations:
Proposal 1  Not all "cells" are required to periodically broadcast the minimum SI.
Proposal 2  The minimum SI of one cell can be provided to UE by another cell.
Proposal 3  Cell reselection related information should be classified as other SI.
Proposal 4  The period of minimum SI should be configurable.
Proposal 5  Whether other SI is broadcasted or delivered through dedicated signalling should be indicated in minimum SI.
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