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1. Introduction
In RAN2#84 meeting, Idle UE Distribution across Multi-Carriers [1] was presented and discussed, and it was noted that Chairman thinks we should see an actual solution proposal and will then discuss whether it can be done as TEI 12. In this contribution, we provide a hash algorithm based solution which can distribute UEs to different carriers in a simple way.
2. Discussion
The limitations of existing idle reselection mechanism, including the limitation of reselection mechanism with broadcast/dedicated priorities and reselection measurement threshold adjustment, have been analyzed in [1], and there are the following observations:

· For the reselection mechanism with broadcast priorities, most idle UEs of all the carriers with lower priorities will try to reselect the carrier with the highest priority and priority adjustment may cause the swings of the loading surge among the carriers, e.g. the priority of f1 is higher than f2 and f3, firstly all UEs may camp on f1, f1may be heavily loaded; if eNB adjusts the priority of f2 to be higher than f1, then all UEs may reselect to camp on f2, then it may cause f2 to be loaded heavily, but f3 may be loaded lightly.

· For the reselection mechanism with dedicated priorities, since dedicated priorities can only be assigned at the time of a UE goes idle, for a moving idle UE, the assigned dedicated priorities can not address the issue that traffic load changes over time and location, e.g. f1 is loaded heavily in cell 1 but loaded lightly in cell 2; more dynamic dedicated priorities’ updating mechanism may lead to unacceptable signaling overhead, i.e. the signaling for paging and connection setup/release are required.

· For the mechanism with reselection measurement threshold adjustment, the adjustment will lead to changing of the cell’s coverage size which needs to meet the coverage requirement and analyze the interference impact; due to the uneven distribution of the UEs over different geographic areas, it is actually difficult to use the reselection threshold to balance the loading.

Based on the above observations, it is thought that existing  idle reselection [2] is not flexible and efficient enough to distribute idle UEs among LTE-carriers although it is difficult to evaluate how severe the issues are by quantificational way now, but it is expected that by proactively controlling the idle traffic load distribution, the chance of active traffic overload and access overload can be minimized, and it can also minimize the signaling overhead and therefore minimize the chance of control channel overload. Therefore, in order to achieve more balanced idle UE distribution, some improvements are to be considered.
In CDMA network, if multiple channels (carrier frequencies) are available, the UE shall use the hash function to decide which channel to be selected; each UE can compute an index into the channel list provided by the CDMA network and camp on that channel [3], by this mechanism, all CDMA UEs can evenly distribute among different CDMA carriers, see Annex A for details of hash algorithm. The similar idea can be used for LTE carrier’s reselection. Using the algorithm in Annex A.1 and A.2, each LTE UE can get an index between 1 and the number of the InterFreqCarrierFreqInfo defined in SIB5, then UE can select the carrier associated with the index from the list of inter frequency carrier list. After that, UE will evaluate further whether the signal strength/ quality can meet the reselection conditions.
How this solution works:

· An indicator in the SIB5 message to indicate whether hash algorithm based LTE carriers’ reselection mechanism shall be activated. The timing of activating this function depends on operators’ rules or network implementation.
· If this function is indicated to be activated, UE which supports this feature will select one LTE carrier among all LTE carriers based on hash algorithm. UE shall consider the selected carrier with highest priority (i.e. priority value 7) and then follow the existing priority-based reselection procedures. 
· If this function is indicated to be deactivated/ omitted, UE will reuse existing idle reselection mechanism, including using all carrier frequencies’ priorities from SIB5.
Hash based reselection solution can allow each UE to get its own specific highest priority carrier frequency to avoid all UEs to swing to the same highest priority carrier, more balanced idle UE distribution among LTE carriers can be achieved. Hash algorithm is a rather mature algorithm to have been used by CDMA and WiMax, which should not be difficult for LTE terminal to support it. And the specification impact of this solution is thought to be not big, existing idle reselection mechanism can be reused as much as possible.
Proposal: It is proposed to adopt hash based idle reselection solution to achieve more balanced idle UE distribution among LTE carriers.

3. Conclusion
In this contribution, a hash function based reselection solution is provided which can allow each UE to get its own specific highest priority carrier frequency to avoid all UEs to swing to the same highest priority carrier, more balanced idle UE distribution can be achieved by this solution with less specification impact.
Proposal: It is proposed to adopt hash based idle reselection solution to achieve more balanced idle UE distribution among LTE carriers.
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6.3.1
System information blocks

[…]
–
SystemInformationBlockType5

The IE SystemInformationBlockType5 contains information relevant only for inter-frequency cell re-selection i.e. information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...,


lateNonCriticalExtension



OCTET STRING
(CONTAINING SystemInformationBlockType5-v8h0-IEs)



OPTIONAL
-- Need OP

}

SystemInformationBlockType5-v8h0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v8h0 SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v8h0



 OPTIONAL,
-- Need OP


nonCriticalExtension


SystemInformationBlockType5-v9e0-IEs
OPTIONAL
-- Need OP

}

SystemInformationBlockType5-v9e0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v9e0
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v9e0



OPTIONAL,
-- Need OR


nonCriticalExtension


SystemInformationBlockType5-v12xx-IEs
OPTIONAL
-- Need OP

}
SystemInformationBlockType5-v12xx-IEs ::=
SEQUENCE {


hashBasedReselectionActivation

ENUMERATED {true}

OPTIONAL,
-- Need OR

nonCriticalExtension



SEQUENCE {}



OPTIONAL
-- Need OP

}
InterFreqCarrierFreqList ::=

SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqInfo ::=
SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA,


q-RxLevMin






Q-RxLevMin,


p-Max







P-Max






OPTIONAL,

-- Need OP


t-ReselectionEUTRA




T-Reselection,


t-ReselectionEUTRA-SF



SpeedStateScaleFactors


OPTIONAL,

-- Need OP


threshX-High





ReselectionThreshold,


threshX-Low






ReselectionThreshold,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


cellReselectionPriority



CellReselectionPriority


OPTIONAL,

-- Need OP


neighCellConfig





NeighCellConfig,


q-OffsetFreq





Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList



InterFreqNeighCellList


OPTIONAL, 

-- Need OR


interFreqBlackCellList



InterFreqBlackCellList


OPTIONAL, 

-- Need OR


...,


[[
q-QualMin-r9




Q-QualMin-r9




OPTIONAL,

-- Need OP



threshX-Q-r9




SEQUENCE {




threshX-HighQ-r9



ReselectionThresholdQ-r9,




threshX-LowQ-r9




ReselectionThresholdQ-r9



}















OPTIONAL

-- Cond RSRQ


]],


[[
q-QualMinWB-r11




Q-QualMin-r9




OPTIONAL
-- Cond WB-RSRQ


]]

}

InterFreqCarrierFreqInfo-v8h0 ::=

SEQUENCE {


multiBandInfoList




MultiBandInfoList



OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v9e0 ::=
SEQUENCE {


dl-CarrierFreq-v9e0




ARFCN-ValueEUTRA-v9e0
OPTIONAL,
-- Cond dl-FreqMax


multiBandInfoList-v9e0



MultiBandInfoList-v9e0
OPTIONAL
-- Need OR

}

InterFreqNeighCellList ::=


SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellInfo ::=


SEQUENCE {


physCellId






PhysCellId,


q-OffsetCell





Q-OffsetRange

}

InterFreqBlackCellList ::=


SEQUENCE (SIZE (1..maxCellBlack)) OF PhysCellIdRange

-- ASN1STOP

----------------------------------------------------------------------------------------------------------------------------------------
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5.2.4

Cell Reselection evaluation process

5.2.4.1
Reselection priorities handling

Absolute priorities of different E-UTRAN frequencies or inter-RAT frequencies may be provided to the UE in the system information, in the RRCConnectionRelease message, or by inheriting from another RAT at inter-RAT cell (re)selection. In the case of system information, an E-UTRAN frequency or inter-RAT frequency may be listed without providing a priority (i.e. the field cellReselectionPriority is absent for that frequency). If priorities are provided in dedicated signalling, the UE shall ignore all the priorities provided in system information. If UE is in camped on any cell state, UE shall only apply the priorities provided by system information from current cell, and the UE preserves priorities provided by dedicated signalling and deprioritisationReq received in RRCConnectionReject unless specified otherwise. When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than the eight network configured values). While the UE is camped on a suitable CSG cell, the UE shall always consider the current frequency to be the highest priority frequency (i.e. higher than the eight network configured values), irrespective of any other priority value allocated to this frequency. If the UE is capable of MBMS Service Continuity and receiving or interested to receive an MBMS service and can only receive this MBMS service while camping on a frequency on which it is provided, the UE may consider that frequency to be the highest priority during the MBMS session [2] as long as the reselected cell is broadcasting SIB13 and as long as:
-
SIB15 of the serving cell indicates for that frequency one or more MBMS SAIs included in the MBMS User Service Description (USD) [22] of this service; or

-
SIB15 is not broadcast in the serving cell and that frequency is included in the USD of this service.

If the UE is not capable of MBMS Service Continuity but has knowledge on which frequency an MBMS service of interest is provided, it may consider that frequency to be the highest priority during the MBMS session [2] as long as the reselected cell is broadcasting SIB13.
NOTE:
The UE considers that the MBMS session is ongoing using the session start and end times as provided by upper layers in the USD i.e. the UE does not verify if the session is indicated on MCCH.
If the UE is capable of hash based reselection and receives the indicator to activate the hash based reselection function, the UE shall consider the selected frequency based on hash function to be the highest priority frequency (i.e. priority value 7), irrespective of any other priority value allocated to this frequency.

In case UE receives RRCConnectionReject with deprioritisationReq, UE shall consider current carrier frequency and stored frequencies due to the previously received RRCConnectionReject with deprioritisationReq or all the frequencies of EUTRA to be the lowest priority frequency (i.e. lower than the eight network configured values) while T325 is running irrespective of camped RAT. The UE shall delete the stored deprioritisation request(s) when a PLMN selection is performed on request by NAS [5].
NOTE:
Connecting to CDMA2000 does not imply PLMN selection.
NOTE:
UE should search for a higher priority layer for cell reselection as soon as possible after the change of priority. The minimum related performance requirements specified in TS 36.133 [10] are still applicable.
The UE shall delete priorities provided by dedicated signalling when:
· the UE enters RRC_CONNECTED state; or

· the optional validity time of dedicated priorities (T320) expires; or

· a PLMN selection is performed on request by NAS [5].

NOTE:
Equal priorities between RATs are not supported.

The UE shall only perform cell reselection evaluation for E-UTRAN frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided.

The UE shall not consider any black listed cells as candidate for cell reselection.

The UE shall inherit the priorities provided by dedicated signalling and the remaining validity time (i.e., T320 in E-UTRA, T322 in UTRA and T3230 in GERAN), if configured, at inter-RAT cell (re)selection.

NOTE:
The network may assign dedicated cell reselection priorities for frequencies not configured by system information.

End of Text Proposal

Annex A

The following functions are defined in [3].
A.1 Hash Function
The Hash function takes three arguments, Key (typically 32-bit pseudo-random number generated using output of the pseudo random number generator, see A.2), N (the number of resources), and Decorrelate (an argument used to de-correlate values obtained for different applications for the same access terminal).

Define:

· Word L to be bits 0-15 of Key
· Word H to be bits 16-31 of Key
where bit 0 is the least significant bit of Key.

The hash value is computed as follows:
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A.2 Pseudorandom Number Generator
When an access terminal is required to use the pseudo random number generator described here, then the access terminal shall implement the linear congruential generator defined by 
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is the output of the generator.
The access terminal shall initialize the random number generator as defined following:

The access terminal shall initialize the random number generator by setting z0 to
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where HardwareID is the least 32 bits of the hardware identifier associated with the access terminal, and 
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 is a time-varying physical measure available to the access terminal. If the initial value so produced is found to be zero, the access terminal shall repeat the procedure with a different value of 
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The access terminal shall compute a new 
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 for each subsequent use.
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