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1
Introduction
The work item on increased monitoring of carriers (i.e. IncMon, [1]) was recently closed as part of carriersRel-12 finalization. During the IncMon work, the amount of carriers that UE can measure was increased to account for the increasing number of carriers available to operators. Also recently, a new work item on Multicarrier Load Distribution of UEs in LTE has been approved at RAN#67 [2], and the goal of that WID is also aimed at cases when operators are deploying multiple carriers.
In this contribution, we discuss increasing the amount of frequency priorities to improve the load balancing between equal priority carriers as a solution for increasing the flexibility of current load balancing mechanisms.
2
Discussion
2.1
Cell Reselection Priorities in Rel-8
Since Rel-8, LTE has employed reselection priorities as the primary mechanism for load balancing during RRC_IDLE.  Each carrier frequency is assigned a priority for reselection with the IE CellReselectionPriority, which is defined as below in TS36.331 [3]:

	[image: image1.emf]–   CellReselectionPriority   The IE  CellReselectionPriority   conc erns the absolute priority of the concerned carrier frequency/ set of frequencies  (GERAN)/ bandclass (CDMA2000), as used by the cell reselection procedure. Corresponds with parameter "priority" in  TS 36.304 [4]. Value 0 means: lowest priority. The UE behav iour for the case the field is absent, if applicable, is  specified in TS 36.304 [4].   CellReselectionPriority   information element   --   ASN1START     CellReselectionPriority ::=         INTEGER (0..7)     --   ASN1STOP    




The cell reselection priorities are provided not only for LTE carriers, but also for inter-RAT carriers. Hence, the IE CellReselectionPriority can be provided in SIB3 (for serving frequency), SIB5 (for inter-frequency neighbor carriers), SIB6 (for UMTS carriers), SIB7 (for GSM carriers) and SIB8 (for CDMA carriers). Additionally, cell reselection priorities can be provided in dedicated manner to UE in RRCConnectionRelease - message.
Recently, several operators have started to own more and more frequency layers due to acquiring new LTE frequencies or re-farming the frequencies from other radio technologies (e.g, GSM or WiMax). With the Rel-12 IncMon feature, the UE measurement capabilities are now extended as well, to account for that.  However, for idle mode, 3GPP has not changed the amount of reselection priorities: Since Rel-8, it has been assumed that 8 priority values would be enough. 
However, the 8 values can’t always all be used by one RAT, since the TS36.304 [4] has an additional restriction that inter-RAT reselection priorities should never be the same - see NOTE in TS36.304, section 5.2.4.1: 
NOTE: Equal priorities between RATs are not supported

Since this reduces the amount of available priorities, some LTE carriers may have to have equal priorities. 
Observation 1: The IncMon feature increases the probability that several LTE carriers have to be assigned equal reselection priorities.

2.2
Extending the Frequency Priorities 
Given that the IncMon increases the chance of equal priorities occurring in real networks, we think the aspect of frequency priorities was simply forgotten during that work and think it would make sense to increase also the amount of reselection priorities to improve flexibility of load balancing options. The most straightforward way would be to extend the number of the priorities, allowing legacy UEs and networks to behave as they do now while still improving the later releases.
Proposal 1: Extend the number of cell reselection priorities to reduce number of reselections between equal priority carriers.

The extension can be done in multiple ways: At least the following options are possible:

1) Extend the existing priority values by replacing them with a new priority. This could be done e.g. by following:

a. Introduce only values of less than ‘0’ and larger than ‘7’ (i.e. extend the current priority value range)
b. Introduce a completely new priority value from ‘0’ to ‘N’, where N needs to be determined (i.e. introduce a totally separate priority value)

2) Introduce an additional priority value on top of the existing priorities, to be used with equal priority layers only

We make the following observations of these:

· For 1a) and 1b), totally new values are needed for SIBs in addition to the legacy values. Hence, SIB size is increased even if some UEs will not comprehend the values. 
· For 2), the additional priorities can be provided only for carriers which have equal priorities.
· For all options, providing priorities via dedicated messages, we assume network would know which UEs support the extended value range from UE capabilities and can configure only supporting UEs with the extended priority values. 
Observation 2: The legacy CellReselectionPriority is always needed for supporting legacy UEs and allowing networks and UEs not supporting priority extension to behave as before.

Based on above, our proposal is to keep the legacy priority values as they are and add an additional priority range to help differentiation between equal priority carriers. Given that this would be on top of the existing priority range, we call this a sub-priority value.
Proposal 2: Extend the number of cell reselection priorities by introducing an additional “sub-priority value” that can be used to differentiate among equal priority layers.
By introducing the sub-priority, relatively small number of bits can be introduced in the SIBs while allowing multiple sub-priority levels (i.e. SIB overhead is minimized). Priority allocation for frequencies and RATs are also simpler as for the legacy priority values, network does not need to consider whether UE supports the new function or not. And for the UEs supporting the new function, network needs to just provide additional information (i.e. the sub-priority)
2.3
Implementation of Sub-Priority Values 
If RAN2 chooses to extend the number of priority values, the first question to answer would be “how many new priorities are introduced”, and the second would be “how to introduce the priorities”.

Considering that SIB changes would be needed, we think it is sensible to limit the number of bits required for the new values. Introducing the sub-priority as a value dependent of the existing priority value, we think a 2-bit field would allow introduction of enough values. The ASN.1 for this is shown below.
-- ASN1START

CellReselectionPriority ::=



INTEGER (0..7)

CellReselSubPriority-r12 ::=


INTEGER (0..3)

-- ASN1STOP

With this change, the TS36.304 only needs to be extended by introducing a second comparison when the sub-priority value is present – see Annex A for example of this. As an example of how this could be used, we take SIB3 – see the ASN.1 example in Annex B.
Proposal 3: Extend the priority values by a new 2-bit sub-priority field.
3
Fulfilling the Load Balancing Requirements
The following requirements were set during RAN2#89bis for evaluating the solutions for improving load balancing mechanisms:

1) It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers

2) It should be possible under network control to distribute among the different carriers a fraction of users moving into the cells from other cells

3) Different deployment scenarios should be supported – macro only networks, co-channel and inter-frequency small cell deployments

4) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded)

5) Solutions should cater for different (re)distribution decisions in the network that take into consideration other factors:


a. eMBMS deployments on macro or small cell layer

b. Number of devices supporting certain bands (other capabilities can be considered)

c. Bandwidth of the different carriers may be different

6) The solution should avoid a user ping-pong among carriers

7) Maximize user throughput and network capacity (in terms of system throughput, connection establishment, RA, (inter-frequency) mobility related signaling) for UEs in CONNECTED.

For the analysis how the existing dedicated priorities cater to these requirements, see [5]. The solution proposed here works similarly, but also extends the usability of the priorities in case there are some equal priority layers. Concerning the requirement 4,we would also note that since the sub-priorities can be broadcast on a cell level without affecting the legacy carrier priorities (i.e. the cells may choose whether or not they employ the sub-priorities, since the legacy priorities will still work). Hence, they allow more granular control of the load among different cells. 

Observation 3: Extending the amount of frequency priorities allows more flexible operation of dedicated priorities and allows more flexibility for cell-level load balancing.
4
Conclusion
We have discussed the possibility to extend the number of cell reselection priorities to allow reduction in load balancing handovers between equal priority carriers and made the following observations and proposals:

Observation 1: The IncMon feature increases the probability that several LTE carriers have to be assigned equal reselection priorities.

Observation 2: The legacy CellReselectionPriority is always needed for supporting legacy UEs and allowing networks and UEs not supporting priority extension to behave as before.

Observation 3: Extending the amount of frequency priorities allows more flexible operation of dedicated priorities and allows more flexibility for cell-level load balancing.
Proposal 1: Extend the number of cell reselection priorities to reduce number of reselections between equal priority carriers.

Proposal 2: Extend the number of cell reselection priorities by introducing an additional “sub-priority value” that can be used to differentiate among equal priority layers.
Proposal 3: Extend the priority values by a new 2-bit sub-priority field.

The TPs shown in Annex A and B demonstrate how the sub-priorities could be introduced to the 36.304 and 36.331, respectively.
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Annex A: Implementation of Sub-Priority Values to TS36.304
Beginning of Text Proposal
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 fields cellReselectionPriority and cellReselSubPriority are 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 all of the 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 all of the network configured values), irrespective of any other priority value allocated to this frequency. If the UE capable of ProSe direct communication is configured to perform ProSe direct communication and can only perform the ProSe direct communication while camping on a frequency, the UE may consider that frequency to be the highest priority.

NOTE:
The prioritization among the frequencies which UE considers to be the highest priority frequency is left to UE implementation.

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 capable of MBMS Service Continuity and receiving or interested to receive an MBMS service provided on a downlink only MBMS frequency, the UE may consider cell reselection candidate frequencies at which it can not receive the MBMS service to be of the lowest priority during the MBMS session [2], as long as the cell on the MBMS frequency which the UE monitors is broadcasting SIB13 and as long as the above mentioned SIB15 condition is fulfilled for the serving cell.

NOTE:
An example scenario in which the previous down-prioritisation may be needed concerns the case the MBMS frequency is a downlink only carrier on which camping is not possible, while the UE can only receive this MBMS frequency when camping on a subset of cell reselection candidate frequencies.

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.
If the UE is not capable of MBMS Service Continuity but has knowledge on which downlink only frequency an MBMS service of interest is provided, it may consider cell reselection candidate frequencies at which it can not receive the MBMS service to be of the lowest priority during the MBMS session [2] as long as the cell on the MBMS frequency which the UE monitors 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.
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.
When comparing two equal priority frequencies, UE shall consider the one with the larger cellReselSubPriority value as having the higher reselection priority. If the cellReselSubPriority is not provided for a frequency, the frequency is considered as having lower priority than an equal priority frequency for which cellReselSubPriority is provided. 
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 B: Implementation of Sub-Priority Values to SIB3
Beginning of Text Proposal
–
SystemInformationBlockType3

The IE SystemInformationBlockType3 contains cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection (i.e. applicable for more than one type of cell re-selection but not necessarily all) as well as intra-frequency cell re-selection information other than neighbouring cell related.

SystemInformationBlockType3 information element
-- ASN1START

SystemInformationBlockType3 ::=

SEQUENCE {


cellReselectionInfoCommon


SEQUENCE {



q-Hyst







ENUMERATED {













dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,













dB12, dB14, dB16, dB18, dB20, dB22, dB24},



speedStateReselectionPars


SEQUENCE {




mobilityStateParameters



MobilityStateParameters,




q-HystSF





SEQUENCE {





sf-Medium





ENUMERATED {















dB-6, dB-4, dB-2, dB0},





sf-High






ENUMERATED {















dB-6, dB-4, dB-2, dB0}




}



}















OPTIONAL

-- Need OP


},


cellReselectionServingFreqInfo

SEQUENCE {



s-NonIntraSearch




ReselectionThreshold

OPTIONAL,

-- Need OP



threshServingLow




ReselectionThreshold,



cellReselectionPriority



CellReselectionPriority


},


intraFreqCellReselectionInfo

SEQUENCE {



q-RxLevMin






Q-RxLevMin,



p-Max







P-Max





OPTIONAL,

-- Need OP



s-IntraSearch





ReselectionThreshold

OPTIONAL,

-- Need OP



allowedMeasBandwidth



AllowedMeasBandwidth

OPTIONAL,

-- Need OP



presenceAntennaPort1



PresenceAntennaPort1,



neighCellConfig





NeighCellConfig,



t-ReselectionEUTRA




T-Reselection,



t-ReselectionEUTRA-SF



SpeedStateScaleFactors

OPTIONAL

-- Need OP

},


...,


lateNonCriticalExtension



OCTET STRING


OPTIONAL,


[[
s-IntraSearch-v920




SEQUENCE {




s-IntraSearchP-r9




ReselectionThreshold,




s-IntraSearchQ-r9




ReselectionThresholdQ-r9



}















OPTIONAL,

-- Need OP



s-NonIntraSearch-v920



SEQUENCE {




s-NonIntraSearchP-r9



ReselectionThreshold,




s-NonIntraSearchQ-r9



ReselectionThresholdQ-r9



}















OPTIONAL,

-- Need OP



q-QualMin-r9





Q-QualMin-r9



OPTIONAL,

-- Need OP



threshServingLowQ-r9



ReselectionThresholdQ-r9
OPTIONAL

-- Need OP


]],


[[
q-QualMinWB-r11





Q-QualMin-r9



OPTIONAL
-- Cond WB-RSRQ


]],


[[
q-QualMinRSRQ-OnAllSymbols-r12


Q-QualMin-r9



OPTIONAL


-- Cond RSRQ


]],

[[



cellReselSubPriority



CellReselSubPriority-r12
OPTIONAL

-- Need OP


]]
}

-- ASN1STOP

	SystemInformationBlockType3 field descriptions

	allowedMeasBandwidth

If absent, the value corresponding to the downlink bandwidth indicated by the dl-Bandwidth included in MasterInformationBlock applies.

	cellReselectionInfoCommon

Cell re-selection information common for cells.

	cellReselectionServingFreqInfo

Information common for Cell re-selection to inter-frequency and inter-RAT cells.

	intraFreqcellReselectionInfo

Cell re-selection information common for intra-frequency cells.

	p-Max

Value applicable for the intra-frequency neighbouring E-UTRA cells. If absent the UE applies the maximum power according to the UE capability.

	q-Hyst

Parameter Qhyst in 36.304 [4], Value in dB. Value dB1 corresponds to 1 dB, dB2 corresponds to 2 dB and so on.

	q-HystSF

Parameter “Speed dependent ScalingFactor for Qhyst” in TS 36.304 [4]. The sf-Medium and sf-High concern the additional hysteresis to be applied, in Medium and High Mobility state respectively, to Qhyst as defined in TS 36.304 [4]. In dB. Value dB-6 corresponds to -6dB, dB-4 corresponds to -4dB and so on.

	q-QualMin

Parameter “Qqualmin” in TS 36.304 [4], applicable for intra-frequency neighrbour cells. If the field is not present, the UE applies the (default) value of negative infinity for Qqualmin. NOTE 1.

	q-QualMinRSRQ-OnAllSymbols
If this field is present and supported by the UE, the UE shall, when performing RSRQ measurements, perform RSRQ measurement on all OFDM symbols in accordance with TS 36.214 [48]. NOTE 1.

	q-QualMinWB

If this field is present and supported by the UE, the UE shall, when performing RSRQ measurements, use a wider bandwidth in accordance with TS 36.133 [16]. NOTE 1.

	q-RxLevMin

Parameter “Qrxlevmin” in TS 36.304 [4], applicable for intra-frequency neighbour cells.

	s-IntraSearch

Parameter “SIntraSearchP” in TS 36.304 [4]. If the field s-IntraSearchP is present, the UE applies the value of s-IntraSearchP instead. Otherwise if neither s-IntraSearch nor s-IntraSearchP is present, the UE applies the (default) value of infinity for SIntraSearchP.

	s-IntraSearchP

Parameter “SIntraSearchP” in TS 36.304 [4]. See descriptions under s-IntraSearch.

	s-IntraSearchQ

Parameter “SIntraSearchQ” in TS 36.304 [4]. If the field is not present, the UE applies the (default) value of 0 dB for SIntraSearchQ.

	s-NonIntraSearch

Parameter “SnonIntraSearchP” in TS 36.304 [4]. If the field s-NonIntraSearchP is present, the UE applies the value of s-NonIntraSearchP instead. Otherwise if neither s-NonIntraSearch nor s-NonIntraSearchP is present, the UE applies the (default) value of infinity for SnonIntraSearchP.

	s-NonIntraSearchP

Parameter “SnonIntraSearchP” in TS 36.304 [4]. See descriptions under s-NonIntraSearch.

	s-NonIntraSearchQ

Parameter “SnonIntraSearchQ” in TS 36.304 [4]. If the field is not present, the UE applies the (default) value of 0 dB for SnonIntraSearchQ.

	speedStateReselectionPars

Speed dependent reselection parameters, see TS 36.304 [4]. If this field is absent, i.e, mobilityStateParameters is also not present, UE behaviour is specified in TS 36.304 [4].

	cellReselSubPriority
Second priority value applied between equal priority layers, see TS 36.304 [4]. If this field is absent, UE applies only the value of cellReselectionPriority in cell reselection priority evaluation.

	threshServingLow

Parameter “ThreshServing, LowP” in TS 36.304 [4].

	threshServingLowQ

Parameter “ThreshServing, LowQ” in TS 36.304 [4].

	t-ReselectionEUTRA

Parameter “TreselectionEUTRA” in TS 36.304 [4].

	t-ReselectionEUTRA-SF

Parameter “Speed dependent ScalingFactor for TreselectionEUTRA” in TS 36.304 [4]. If the field is not present, the UE behaviour is specified in TS 36.304 [4].


End of Text Proposal
