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Introduction
In some deployments NR will be operating on higher frequency bands compared to current LTE networks. NR will sometimes be used in dense deployments where the distance between cells will be small. Many deployments of NR will also deploy more beamforming compared to most of the current deployments of LTE and WCDMA. Therefore, in many NR deployments idle-mode mobility (e.g. between beams or between cells) will be very frequent events.
[bookmark: _Toc473890733][bookmark: _Toc473890792][bookmark: _Toc473915341][bookmark: _Toc473931956][bookmark: _Toc473932983][bookmark: _Toc473933136]In some NR deployments idle mode mobility will be very frequent events.
[bookmark: _Ref178064866]Discussion
Idle mode mobility between beams in the same cell
In case a cell has several beams then the system information for one cell will contain information related to all beams within that cell. In some cases, we may want to be able to specify that the idle mode UE-behavior shall depend on which beam the UE is currently in. For example, the timing of the PRACH window might be different for different beams (e.g. to enable analogue PRACH reception beam-forming). Or we may want the UE to use different PRACH preambles in different beams (e.g. to enable beam-identification). To allow for this, we need a possibility to specify different beam-dependent versions of the minimum SI. 
Thus when reading the minimum SI for a cell the UE will receive information related to all beams in the cell. In some cases, the minimum SI may contain different values for one or more parameters (e.g. PRACH timing window or PRACH root sequence index) corresponding to different beams to the cell.
[bookmark: _Toc473297238][bookmark: _Toc473297315][bookmark: _Toc473620205][bookmark: _Toc473889682][bookmark: _Toc473890734][bookmark: _Toc473890793][bookmark: _Toc473915342][bookmark: _Toc473931957][bookmark: _Toc473932984][bookmark: _Toc473933137]The UE acquires and maintains system information per cell. Nevertheless, some SI parameter values can be different between beams belonging to the same cell.
The UE may read the minimum SI and extract the SI valid in the current beam. Information related to other beams may be stored and used later should the UE move to another beam.
[bookmark: _Toc473296712][bookmark: _Toc473297266][bookmark: _Toc473297319][bookmark: _Toc473620211][bookmark: _Toc473620224][bookmark: _Toc473889683][bookmark: _Toc473890735][bookmark: _Toc473890794][bookmark: _Toc473915343][bookmark: _Toc473931958][bookmark: _Toc473932985][bookmark: _Toc473933138]The UE stores system information related to other beams of the same cell and may use it later when entering one of those beams.
Idle mode mobility between cells
The system information in neighboring cells can be very similar, especially in dense deployments. In case the system information is provided using single frequency network (SFN) modulation, as proposed and studied in e.g. [2], then the minimum SI will contain one or more parameters that are different for the different cells. The minimum SI may also be provided by overlaid macro cells and in that case the SI transmitted from an overlaid cell will contain SI related to all under-laid cells.
[bookmark: _Toc473296663][bookmark: _Toc473296691][bookmark: _Toc473296703][bookmark: _Toc473296707][bookmark: _Toc473297239][bookmark: _Toc473297316][bookmark: _Toc473620206][bookmark: _Toc473889684][bookmark: _Toc473890736][bookmark: _Toc473890795][bookmark: _Toc473915344][bookmark: _Toc473931959][bookmark: _Toc473932986][bookmark: _Toc473933139]System information in neighboring cells can be very similar.
[bookmark: _Toc473296664][bookmark: _Toc473296692][bookmark: _Toc473296704][bookmark: _Toc473296708][bookmark: _Toc473297240][bookmark: _Toc473297317][bookmark: _Toc473620207][bookmark: _Toc473889685][bookmark: _Toc473890737][bookmark: _Toc473890796][bookmark: _Toc473915345][bookmark: _Toc473931960][bookmark: _Toc473932987][bookmark: _Toc473933140]Providing system information using single frequency network (SFN) modulation is very efficient in scenarios where neighboring cells have similar system information. 
[bookmark: _Toc473620208][bookmark: _Toc473889686][bookmark: _Toc473890738][bookmark: _Toc473890797][bookmark: _Toc473915346][bookmark: _Toc473931961][bookmark: _Toc473932988][bookmark: _Toc473933141]Providing system information from an overlaid macro cell is very efficient in scenarios with a dense layer of underlying cells.
Some of the PRACH-config parameters (e.g. PRACH window timing, PRACH configuration, and/or PRACH root sequence index) need to be different in neighboring cells. In addition, access barring parameters may also sometimes be different in different cells. In total, a relatively small number of parameters may differ between neighbouring cells.
[bookmark: _Toc473889687][bookmark: _Toc473890739][bookmark: _Toc473890798][bookmark: _Toc473915347][bookmark: _Toc473931962][bookmark: _Toc473932989][bookmark: _Toc473933142]The minimum SI may typically contain different PRACH configuration parameters corresponding to different cells. 
[bookmark: _Toc473915348][bookmark: _Toc473889688][bookmark: _Toc473890740][bookmark: _Toc473890799][bookmark: _Toc473931963][bookmark: _Toc473932990][bookmark: _Toc473933143]The minimum SI may typically contain different access barring related parameters corresponding to different cells. 

[bookmark: _Toc473296713][bookmark: _Toc473297267][bookmark: _Toc473297320][bookmark: _Toc473620212][bookmark: _Toc473620225][bookmark: _Toc473889690][bookmark: _Toc473890742][bookmark: _Toc473890782][bookmark: _Toc473915350][bookmark: _Toc473931965][bookmark: _Toc473932976]The minimum SI broadcast may convey the system information for more than one cell.
[bookmark: _Toc473889691][bookmark: _Toc473890743][bookmark: _Toc473890783][bookmark: _Toc473296715][bookmark: _Toc473297269][bookmark: _Toc473296717][bookmark: _Toc473297271][bookmark: _Toc473889692][bookmark: _Toc473890744][bookmark: _Toc473890784][bookmark: _Toc473889693][bookmark: _Toc473890745][bookmark: _Toc473890785][bookmark: _Toc473296721][bookmark: _Toc473297275][bookmark: _Toc473106222][bookmark: _Toc473123473][bookmark: _Toc473282447][bookmark: _Toc473296722][bookmark: _Toc473297276][bookmark: _Toc473297323][bookmark: _Toc473620215][bookmark: _Toc473620228][bookmark: _Toc473889694][bookmark: _Toc473890746][bookmark: _Toc473890786][bookmark: _Toc473915351][bookmark: _Toc473931966][bookmark: _Toc473932977]The UE should store this system information related to other cells and use it later when reselecting to one of those cells.
Pre-defined system information configurations
In case the UE decodes a valueTag associated with a certain cell and it already has a stored valid version of the minimum SI corresponding to that valueTag for that cell, then it does not have to read the minimum SI again. This principle can be utilized to enable very fast changes of system information in a cell by providing different parameters in the minimum SI valid for different valueTags (e.g. corresponding to different cell barring parameters). 
[bookmark: _Toc473620209][bookmark: _Toc473889689][bookmark: _Toc473890741][bookmark: _Toc473890800][bookmark: _Toc473915349][bookmark: _Toc473931964][bookmark: _Toc473932991][bookmark: _Toc473933144]The principle of using stored SI can be used to enable very fast SI changes and e.g. quickly adapt cell barring parameters to traffic load.
[bookmark: _Toc473296723][bookmark: _Toc473297277][bookmark: _Toc473297324][bookmark: _Toc473620216][bookmark: _Toc473620229][bookmark: _Toc473889695][bookmark: _Toc473890747][bookmark: _Toc473890787][bookmark: _Toc473915352][bookmark: _Toc473931967][bookmark: _Toc473932978]The minimum SI for a cell may contain one or more different parameters corresponding to different valueTag values. 
[bookmark: _Toc473889696][bookmark: _Toc473890748][bookmark: _Toc473890788][bookmark: _Toc473297279][bookmark: _Toc473297326][bookmark: _Toc473620218][bookmark: _Toc473620231][bookmark: _Toc473889697][bookmark: _Toc473890749][bookmark: _Toc473890789][bookmark: _Toc473915353][bookmark: _Toc473931968][bookmark: _Toc473932979]System information related to other valueTags may be stored and used later.
Determining if the stored system information is valid
If a UE receives an SS Block (consisting of a PSS/SSS, possibly a TSS (if agreed), and a PBCH (MIB)) it should be able to derive if a certain copy of stored system information is valid or not. To do this the UE can derive the PCI (physical cell identity), and the MIB (master information block) from the SS Block reception.
In addition, the UE is likely to use a validity timer to ensure that stored SI is not outdated. A reasonable default assumption is that the system information validity timer is the same as in LTE, e.g. 3 hours.
[bookmark: _Toc473296726][bookmark: _Toc473297281][bookmark: _Toc473296727][bookmark: _Toc473297282][bookmark: _Toc473106225][bookmark: _Toc473123476][bookmark: _Toc473282450][bookmark: _Toc473296728][bookmark: _Toc473297283][bookmark: _Toc473297327][bookmark: _Toc473620219][bookmark: _Toc473620232][bookmark: _Toc473889698][bookmark: _Toc473890750][bookmark: _Toc473890790][bookmark: _Toc473915354][bookmark: _Toc473931969][bookmark: _Toc473932980]A timer determines the validity time of the minimum system information (e.g. as in LTE).
In addition to the SI validity timer the UE can use information received in the MIB to determine if the SI is valid. For that purpose we propose that the MIB contains a valueTag field and that the UE shall read the minimum SI again if it receives a valueTag (in the MIB) that it does not recognize.
[bookmark: _Toc473931970][bookmark: _Toc473932981]The valueTag is conveyed in MIB
[bookmark: _Toc473296729][bookmark: _Toc473297284][bookmark: _Toc473297328][bookmark: _Toc473620220][bookmark: _Toc473620233][bookmark: _Toc473889699][bookmark: _Toc473890751][bookmark: _Toc473890791][bookmark: _Toc473915355][bookmark: _Toc473931971][bookmark: _Toc473932982]The UE shall read the minimum SI again if it receives a valueTag for which it has not stored a valid version of the system information.
There may also be other situations where the UE may read the minimum SI again. The MIB should contain a configuration for how to receive at least SIB1, for example a configuration of a physical channel where SIB1 (and possibly also SIB2) is provided. In case this configuration is changed the UE should read the minimum SI again. Since the PCI is not globally unique there is a small probability that the UE is located in an unknown cell with a familiar PCI and this ambiguity can be avoided if the UE checks also that the configuration on how to receive SIB1 is unchanged. 
[bookmark: _Toc473620221][bookmark: _Toc473620234][bookmark: _Toc473889700][bookmark: _Toc473296731][bookmark: _Toc473297286][bookmark: _Toc473296732][bookmark: _Toc473297287][bookmark: _Toc473296734][bookmark: _Toc473297289][bookmark: _Toc473282434][bookmark: _Toc473296735][bookmark: _Toc473297290][bookmark: _Toc473282442][bookmark: _Toc473296743][bookmark: _Toc473297298]Conclusion
In this paper we have made the following observation(s): 
Observation 1	In some NR deployments idle mode mobility will be very frequent events.
Observation 2	The UE acquires and maintains system information per cell. Nevertheless, some SI parameter values can be different between beams belonging to the same cell.
Observation 3	The UE stores system information related to other beams of the same cell and may use it later when entering one of those beams.
Observation 4	System information in neighboring cells can be very similar.
Observation 5	Providing system information using single frequency network (SFN) modulation is very efficient in scenarios where neighboring cells have similar system information.
Observation 6	Providing system information from an overlaid macro cell is very efficient in scenarios with a dense layer of underlying cells.
Observation 7	The minimum SI may typically contain different PRACH configuration parameters corresponding to different cells.
Observation 8	The minimum SI may typically contain different access barring related parameters corresponding to different cells.
Observation 9	The principle of using stored SI can be used to enable very fast SI changes and e.g. quickly adapt cell barring parameters to traffic load.

Based on the discussion in section 2 we propose the following:
Proposal 1	The minimum SI broadcast may convey the system information for more than one cell.
Proposal 2	The UE should store this system information related to other cells and use it later when reselecting to one of those cells.
Proposal 3	The minimum SI for a cell may contain one or more different parameters corresponding to different valueTag values.
Proposal 4	System information related to other valueTags may be stored and used later.
Proposal 5	A timer determines the validity time of the minimum system information (e.g. as in LTE).
Proposal 6	The valueTag is conveyed in MIB
Proposal 7	The UE shall read the minimum SI again if it receives a valueTag for which it has not stored a valid version of the system information.
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