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1
Introduction
During RAN2#91 meeting in Beijing it was not concluded what kind of mechanism is necessary on top of the existing solutions in order to cater for requirements defined in [1]. Consecutive e-mail discussion was supposed to resolve all doubts and result in a commonly agreed solution. However, large number of divergent mechanisms proposed by various stakeholders and significant doubts expressed towards the submitted proposals effectively prevented RAN2 from converging to a joint solution. This paper is aimed at describing One Shot Scheme (OSS) based on Paging procedure which seems to be the most relevant technique to “…re-distribute among the different carriers a fraction of users currently camped on these carriers…” and simultaneously maintain network (NW) control.
2
Discussion
Even though many Load Balancing (LB) issues can be served well by the legacy Dedicated Priorities (DP), we have pointed out in Subsection 2.3 of [2] that there might be cases when it is desirable to reach a subset of UEs which are already in Idle mode. The intention to instruct just a “fraction” implies that a broadcast method (i.e. based on System Information) does not sound as a perfect choice to cater for such requirement. As a result – we came to the conclusion that Paging procedure can be enhanced and utilized to deliver updated priority information to a group of UEs. Such action can be triggered by the NW once it discovers an imminent congestion. Since the UEs are expected to wake up during their Paging intervals, they should be able to decode Paging, obtain priority-related instructions and apply these during cell reselection. The specific details of feasible variants are depicted in consecutive subsections of this chapter.
2.1
Paging with DPs or a trigger to apply DPs

This alternative assumes that Paging message contains either Dedicated Priorities (already known from RRC Connection Release message) or a simple trigger to apply these. The former option means that the full list (FreqPriorityEUTRA including: carrierFreq and cellReselectionPriority) is provided by means of Paging (assuming that only inter-frequency LTE neighbours are considered). The latter implies that the priorities received while releasing RRC Connection or delivered in SI are now being activated (i.e. pertinent timer is started). As a result – network enhances its Load Balancing capabilities by reaching a fraction of Idle mode devices and implementing previously delivered priority sets. Obviously the solution with just a trigger is more robust in terms of the additional bits necessary to be incorporated into Paging message. On the other hand – sending the entire set of Dedicated Priorities may be more aligned with the current load situation in the network. This concept may be further extended by providing more than a single set of priorities. UE can acquire a separate set for fast moving devices (i.e. having high Mobility State Estimation), another intended for 3GPP Rel. 10 UEs, etc. Terminals are expected to apply a proper set of priorities depending on their current state (more details available in Subsection 2.4). 
Related ASN.1 modifications of Paging procedure are available in Annex A.1.
Proposal 1: Paging message may contain a trigger to activate previously acquired (i.e. in RRC Connection 



Release) Dedicated Priorities. When the trigger is received, UE/UEs start appropriate timer and 



apply DPs.
Proposal 2: Paging may contain the entire new set of Dedicated Priorities.
2.2
Paging with deprioritization
Since 3GPP Release 11, RRC Connection Reject message is equipped with a field called deprioritisationReq. Its purpose is to indicate that currently used/prioritized frequency or RAT is to be “de-prioritized”. deprioritisationType and deprioritisationTimer Information Elements (IEs) are used to determine frequency/RAT and the duration of deprioritization, respectively. It is straightforward to conclude a similar mechanism can be introduced into the Paging procedure. If the instantaneous load situation requires limiting the usage of certain carrier, network can send a Paging message to the subset of UEs imposing deprioritization of the current carrier. When the timer expires, the excluded carrier is taken into account once again. The proposed extension of Paging message is rather uncomplicated. Details of the associated ASN.1 changes can be found in Annex A.2.

Proposal 3: Paging may contain a simple deprioritization request (similarly to RRC Connection Reject 




message) to 
instruct the UE/UEs currently used/prioritized carrier should be temporarily assigned 


the lowest priority.
2.3
Paging with a supreme priority
This proposal is actually the opposite of what has been suggested in 2.2. In this case Paging procedure can be enhanced by additional field to promote certain E-UTRA frequency and for a given period of time. Once again – new IEs determining the target carrier and the timer controlling the validity of such supreme priority are introduced. Details concerning ASN.1 modification can be found in Annex A.3.
Proposal 4: Paging may contain a simple prioritization request (opposite to what has been proposed within 



Proposal 3) to temporarily assign the highest priority to a certain carrier.
2.4
UE subset selection 

eNB/NW decides how many and which UEs to instruct. It can be done in multiple ways. NW can take into account UE capabilities (such as UE category, support of certain features:  Multi-Connectivity, MBMS, MDT, support for certain frequency bands), type of terminal: Smartphone/MTC. Additionally, such aspects as Mobility State Estimation or even the type of previous service (Real-Time or Non-Real-Time) can be considered. The UE can be classified into one of the groups (based on the aforementioned features, category, etc.) by the NW and associated information can be sent for instance within RRC Connection Release message. Afterwards, in Idle mode, UE can autonomously check its status (i.e. which group it belongs to) and decide whether this Paging message is applicable or should be ignored. In case of Mobility State Information UE should be even able to internally verify whether it belongs to High, Medium or Normal mobility state (by comparing own estimations with NCR_H, NCR_M and TCRmaxHyst sent in SI). Paging can be for instance intended for High-mobility UEs and prioritize carrier with larger coverage (i.e. resulting in less reselections or ultimately HOs).
Finally, if there is a strong intention to incorporate a dose of randomization and the aforementioned grouping is found to be too complex, the choice can be purely based on IMSI number (only a subset of UEs is anyway chosen during certain Paging Occasion and this selection is associated with IMSI number).
Proposal 5: UE subset can be selected based on various criteria described in Subsection 2.4 or in the simplest 


way it can rely on IMSI number. 
3
Conclusions
The goal of this paper was to depict how Paging based “One-shot” reselection mechanism can cater for Load Balancing needs. The solution we propose is flexible, can be applied to an individual UE or a group of UEs and relies on the existing Paging procedure. In this paper we have made few Proposals which should be reiterated here:
Proposal 1: Paging message may contain a trigger to activate previously acquired (i.e. in RRC Connection 




   Release) Dedicated Priorities. When the trigger is received, UE/UEs start appropriate timer and 



   apply DPs.
Proposal 2: Paging may contain the entire new set of Dedicated Priorities.
Proposal 3: Paging may contain a simple deprioritization request (similarly to RRC Connection Reject 




         message) to instruct the UE/UEs currently used/prioritized carrier should be temporarily assigned 


   the lowest priority.
Proposal 4: Paging may contain a simple prioritization request (opposite to what has been proposed within 



   Proposal 3) to temporarily assign the highest priority to a certain carrier.
Proposal 5: UE subset can be selected based on various criteria described in Subsection 2.4 or in the simplest 


         way it can rely on IMSI number.
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Annex A: ASN.1 proposals for Subsections 2.1 – 2.3

This Annex comprises a draft proposal of Paging message modifications which are necessary in order to implement the abovementioned solutions. 
A.1
ASN.1 for Paging with DPs or a trigger of DPs
-- ASN1START

Paging-v13xx-IEs ::=


SEQUENCE {


idleLoadBalancingRequired-r13
IdleModeMobilityControlInfo 

OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
-- ASN1STOP

Due to the presence of IdleModeMobilityControlInfo at least such additional fields are mandatory to provide E-UTRA priorities:

-- ASN1START

IdleModeMobilityControlInfo ::=

SEQUENCE {


freqPriorityListEUTRA



FreqPriorityListEUTRA


OPTIONAL,

-- Need ON
}

FreqPriorityEUTRA ::=



SEQUENCE {


carrierFreq






ARFCN-ValueEUTRA,


cellReselectionPriority



CellReselectionPriority

}
-- ASN1STOP
When Paging is just expected to convey a DPs trigger then it is sufficient to provide a Boolean IE:

-- ASN1START

Paging-v13xx-IEs ::=



SEQUENCE {


applyDedicatedPriorities-r13
BOOLEAN




 

OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
-- ASN1STOP
A.2
ASN.1 for Paging with deprioritization

-- ASN1START

Paging-v13xx-IEs ::=


SEQUENCE {

deprioritisationType-r13


ENUMERATED {frequency, e-utra},


deprioritisationTimer-r13


ENUMERATED {min5, min10, min15, min30}


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- ASN1STOP

Timer values are preliminary whereas e-utra type might be redundant as we consider pure EUTRA intra-RAT reselections.
A.3
ASN.1 for Paging with a supreme priority
-- ASN1START

Paging-v13xx-IEs ::=


SEQUENCE {

prioritisationTarget-r13


ARFCN-ValueEUTRA

prioritisationTimer-r13



ENUMERATED {min5, min10, min15, min30}


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

-- ASN1STOP

Similarly to A.2 – these are tentative timer values.



