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Introduction

In previous meetings, the possibility to define absolute priorities between different frequency layers or different RATs as a method to control mobility between different layers or RATs and to provide load balancing has been proposed, as an alternative to schemes based on varying UE specific Qoffset values in the R-criterion. This contribution discusses some a possible scheme for E-UTRA inter-frequency cell reselection between frequency layers of different priorities. Additionally, the impact on legacy systems (UTRAN/GERAN) is also discussed.
The document contains text proposal to TS36.304. For the sake of simplicity only the text proposal for the actual cell reselection criteria part is included. 
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E-UTRA Inter-frequency cell reselections

In this section we propose cell reselection principles for E-UTRA inter-frequency cell reselections. In order to better analyse what type of inter-frequency cell reselections are anticipated for the future E-UTRA deployments we have split E-UTRA inter-frequency cell reselections to the following three main cases;

1) Inter-frequency cells that virtually form one frequency layer in a network where true frequency reuse is used.

2) Inter-frequency cells that belong to different frequency layers that have equal priorities (at least for a given UE), or no priorities are defined between frequency layers.
3) Inter-frequency cells that belong to different frequency layers that have different priorities (at least for a given UE)

In the next subsections we will separately try to identify suitable cell reselection criteria for these three different cases. 

2.1

Inter-frequency cell reselections in frequency reuse NW

Since in the case 1) cell reselections are expected to be based on radio conditions solely or at least primarily, similar cell reselection criteria as for the intra-frequency case should be defined for this case as well. Thus, we propose that the R-criterion based cell reselections are extended to cover this case as well.
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Like in the intra-frequency case, also in this case Qoffsets,n should only be used with careful consideration e.g. to compensate radio condition differences in special cells like tunnel cells. 

2.2
Inter-frequency cell reselections between equal priority frequency layers

When the network has several E-UTRA frequency layers without prioritisation it is expected that the UE may select a cell on any of the layers unless e.g. some semi-static subscription profiles limit the selection. We see these semi-static subscription profiles as high level mobility policies and cover them later in this contribution. For now we assume that no high level mobility policies are used or they do not limit the usage of E-UTRA frequency layers for a given UE.

In case of two or more equal priority E-UTRA frequency layers the UE could initially select any of the layers. When all of these layers have similar coverage area it would be desirable that the UE would not perform too many inter-frequency cell reselections in order to avoid unnecessary interruptions in the paging messages reception  and to save battery. Instead it would be desirable that in these cases the UE would remain on the frequency layer it has initially selected and perform intra-frequency cell reselections within that frequency layer. Load balancing between these frequency layers should then be done with network initiated procedures. If cell reselections are utilised for load balancing some simple priority concept should be utilised. However, first we will try to identify suitable inter-frequency cell reselection criteria for a case that no priorities are used.  

The UE would perform normal intra-frequency cell reselections until it reaches the coverage edge of the serving frequency layer. At the coverage edge the UE would consider inter-frequency cells (i.e. cells of other frequency layers of the same priority) as cell reselection candidates. Since in this case the cell reselections should be based on radio conditions, the R-criterion could be one viable option for this case. Again Qoffsets,n should only be used with carefully considerations. Qoffsets,n could be utilised as frequency layer specific offset to compensate pathloss differences between frequency layers on different frequency bands like 900 MHz band and 2 GHz band. 

In order to avoid problems that the R-criterion based cell reselections could cause in inter-frequency cell reselections it is important to ensure that the UE does not need to continuously perform inter-frequency cell identifications and level measurements for cell reselection evaluation. The amount of inter-frequency measurements could also be reduced with search thresholds but it is practically impossible to avoid unnecessary inter-frequency measurements due to radio fluctuations. Furthermore, when inter-frequency neighbour cells are indicated these inter-frequency cell searches and measurements are likely to occur in the cell edge areas where also intra-frequency cell reselection are critical. Therefore, we see that unnecessary inter-frequency cell reselection evaluations cannot be avoided with the search thresholds alone.

2.3
Inter-frequency cell reselections between frequency layers with different priorities
2.3.1
Priority based scheme

When frequency layers with different priorities exist in the network the UE should favour camping on any higher prioritised layer if a strong enough cell is detected on that frequency layer (e.g. a defined level is exceeded). As already agreed in RAN2, too complicated Hierarchical Cell Structure rules should be avoided. 

We see that absolute priorities, which do not require level comparison (ranking) between cells on different frequency layers, would provide rather simple E-UTRA cell reselection concept for this scenario. These absolute priorities would provide unambiguous cell reselection priority order between the frequency layers for a given UE. In order to minimise UE battery consumptions and avoid unnecessary interruptions in data reception it would also be desirable to define suitable measurement rules for the UE. 

These priorities could be user specific signalled by the network to a given UE or layer specific which could be broadcast in the system information. Each UE would need to use its own frequency layer priorities although the actual cell reselection criteria and measurement rules can be universal. The actual UE behaviour would be defined based on the priorities of that given UE. 
The scheme relies on the definition of some thresholds for measurements and reselection [6]. They are:

· Threshserving_high, are thresholds that define when the UE performs intra-frequency, inter-frequency and inter-RAT measurements. This threshold refers to the level in the serving layer.
· Threshserving_low is a threshold that defines the level below which the UE should no longer camp on the serving cell, and a reselection is initiated. This threshold refers to the level in the serving layer.

· Threshx,low are thresholds that define the minimum level acceptable for reselection to a cell of another layer/RAT; "x" could be "inter" or "RATm" (one threshold per RAT) depending on whether the threshold refers to inter-frequency or inter-RAT cells. These thresholds refer to the level in the target layer/RAT.

· Threshx,high are thresholds that define the level above which the UE will perform reselection to a cell of a higher priority layer/RAT; "x" could be "inter" or "RATm" (one threshold per RAT) depending on whether the threshold refers to inter-frequency or inter-RAT cells. These thresholds refer to the level in the target layer/RAT.
Below we present an example how cell reselections in an E-UTRA network with different priority frequency layers could work. For the purpose of this document, reselection to other RATs is not considered, although extension of these concepts to other RATs is straightforward.
· UE continuously perform intra-frequency measures and makes intra-frequency cell reselections when the R-criterion define so

· If UE is not camped on the highest priority layer, 

· the UE needs to periodically search for higher priority layer(s) and if found, measures them. 

· If at least one intra-frequency cell (typically the serving cell) is above a given threshold (Threshserving_high), the minimum periodicity for the UE to search new neighbour cells on higher priority frequency layer may be indicated by the NW (T_priority).
· If no intra-frequency cell (typically the serving cell) is above a given threshold (Threshserving_high) and/or the UE has not identified any (new) intra-frequency neighbour cell, the periodicity for the UE to search and measure new neighbour cells on higher priority frequency layers is increased.
NOTE:
Minimum UE performance requirements for both measurement scenarios need to be developed in RAN4. A possible example is shown in [6].

· Priorities can also be utilised to decide the order of the neighbour cell searches and level measurements of higher priority frequency layers.
· If the UE finds a cell on higher priority layer that exceeds a given minimum RSRP based threshold (Threshx,high) for a given time, the UE shall reselect to that cell. Once on the higher priority cell, it may be useful to have a hysteresis other than “time-based” to prevent the UE from moving back to the lower priority frequency layer.
· In order to further avoid ping-pong in case this does not appear to be sufficient for a particular UE, the threshold for re-selecting to a higher priority layer should increase (i.e. become more stringent) proportional to the instability between the layers.
· If the UE is not camped on the lowest priority frequency layer, 

· If no intra-frequency cell (typically the serving cell) is above a given threshold (Threshserving_high) and/or the UE has not identified any (new) intra-frequency neighbour cell, the UE shall search and measure cells on equal or lower priority frequency layers or RATs.
· The UE may search for cells on equal or lower priority layers in priority order. 

· If the first measured layer does not contain any cells above a given minimum required RSRP level, then UE continues to next lower priority layer etc… If none found then UE continues periodically searching for cells on the lower priority layer cells as long as the abovementioned measurement rules indicate so.

· The UE will reselect a new cell on lower priority layer, if no cell on the current serving frequency layer or on frequency layers of equal and higher priority meet a given minimum level for a given time (like Treselection) and the new cell has met the minimum service threshold for reselection (for that frequency layer) during that time.

If desired, some of the cell reselection parameters or priorities could be adjusted based on e.g. stationary vs non stationary (or low vs. high mobility) triggering. However, in order to ensure robust cell reselection rules simple mobility triggering scheme should be defined. .
2.4 
How are priorities provided to the UE?

In previous RAN2 meetings when load balancing between RATs/frequencies was discussed it seemed to get consensus that priorities are UE specific and signalled in during TA update procedure and additionally in the state transition from RRC_CONNECTED to RRC_IDLE. This seems to be good basis for continuing discussion and we would like to present some topics that may require more consideration.

Scope of information:

In RAN2 there has not been extensive discussion whether provided UE specific priorities (or offsets) are applicable for only that cell or for larger are e.g. TA or PLMN. As the consensus seemed to be that signalling is done in the TA update messaging then probably applicability of UE specific parameters is then larger area and as NW may not want to provide new parameters at each TA update it could be considered that parameters are valid for whole PLMN unless new parameters are signalled. Of course it could also be considered that parameters are also in another PLMN, but that may cause some unwanted UE behaviour in the new PLMN. And as it is possible for the NW to provide new UE specific parameters when UE changes the PLMN it should not be big problem for NW to signal them to the UE. 

Proposal: UE specific load balancing parameters are valid for PLMN or until new parameters are given. 
Signalling level – NAS vs. RRC:

In RAN2 basic usage of idle mode load balancing was identified to be subscription based reselections. Thus it seems natural to use NAS level signalling for this kind of subscription based prioritisation. But on the other hand it is questionable if NAS can be aware of all frequency layers in the PLMN. But as NAS just needs to know which kind of frequency layers/RATs operator has in the whole PLMN i.e. it does not need to know which layers are available at current location of the UE, it would be probably possible to use NAS signalling for subscription based load controlling. 

On the other hand if there is need to do idle mode load balancing via RRM then it might be difficult to provide that information to NAS. 
It should also be consulted with CT/SA groups whether it is possible for legacy systems for providing priorities from the legacy NAS or should it be limited to only to SAE. 
Proposal: Use NAS Level signalling for providing idle mode load balancing parameters to the UE
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Impact of priority based scheme to GERAN/UTRAN
In this section the impact of priorities on legacy systems is analysed.
For inter-RAT cell reselections from legacy RATs like UTRAN and GERAN to E-UTRA could continue utilising the existing cell reselection procedures where Qoffset values are set to –inf and + inf, which practically means limited absolute priorities. This would minimise changes in the legacy system cell reselection criteria but still allowing similar and corresponding absolute priorities to be used in cell reselections from the legacy RATs towards E-UTRA. This would be achieved at the expense of the number of priority levels..  

In the RAN-GERAN workshop it was not seen feasible to perform radio level comparison between different RATs for the purposes of cell reselection decisions between GERAN and E-UTRAN. In the workshop both absolute priority proposal and a proposal based on extreme values of Qoffset (i.e. + infinity and –infinity were considered) as possible mechanisms to make camping on a particular RAT more likely for the UE than camping on other RATs. 

It is our understanding that this so called “minimum specification change” approach using the extreme values of Qoffset would not allow different priorities for different RATs unless they were explicitly defined e.g. hard coded in the specifications. Thus this minimum change principle would allow higher priority for UTRAN over GERAN but not vice versa. Different signaled priority levels could not be supported for E-UTRAN and UTRAN or different E-UTRAN frequency layers as these extreme values of Qoffset would either push the UE to either of the inter-RATs (e.g. the one that was found first) or make the UE to stay in the current RAT as long as possible. Since the Qoffset based approach would not really allow UE specific higher priority or even equal priority between GERAN and UTRAN, the absolute priority based solution seems to be the best way forward.

It is believed that the priority-based mechanism can be extended also to the case of cell reselection from UTRAN to E-UTRAN and GERAN to E-UTRAN. In both cases, this will involve a redefinition of the existing inter-RAT reselection algorithms in such a way that, for new mobiles, reselection to cells of different RATs may no longer be based on cell ranking. This will result in a simplification of the inter-RAT reselection procedures. In [7] it is described how reselections based on priority based mechanism between RATs could be handled in the UTRAN side.
5
Conclusions

This contribution had discussed E-UTRA inter-frequency and inter-RAT cell reselections and aspects should be considered when deciding the decision of E-UTRA cell reselection criteria and UE measurement rules. Also impacts to legacy RATs was discussed due to agreed priority based mechanism.
Cell reselections between frequency layers with different priorities have been studied more in detail with some examples.  Based on the findings of our studies we propose that cell reselections between frequency layers and RAT with different priorities are defined based on absolute priorities.. 
A text proposal to TS36.304 is also included in the end of the document. The text proposal is provided for the start of the discussion and the final details of the text proposal could be agreed in the Athens meeting. For the sake of simplicity only the text proposal for the actual cell reselection criteria part is included but after some general discussion on the high level policies we are also happy to provide a text proposal for this part as well. 
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TP for 36.304

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply:
Acceptable Cell: A cell that satisfies certain conditions as specified in 4.3. A UE can always attempt emergency calls on an acceptable cell, but restriction as in 5.3.3 apply.

Available PLMN(s): One or more PLMN(s) for which the UE has found at least one cell and read its PLMN identity(ies).
Barred Cell: A cell a UE is not allowed to camp on.
Camped on a cell: UE has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information and (in most cases) paging information.
Camped on any cell: UE is in idle mode and has completed the cell selection/reselection process and has chosen a cell irrespective of PLMN identity.

DRX cycle: Individual time interval between monitoring Paging Occasion for a specific UE.

Equivalent PLMN list: List of PLMNs considered as equivalent by the UE for cell selection, cell reselection and handover according to the information provided by the NAS.

Highest Priority Layer: A frequency layer that is assigned highest priority. 

Home PLMN: A PLMN where the Mobile Country Code (MCC) and Mobile Network Code (MNC) of the PLMN identity are the same as the MCC and MNC of the IMSI or the defined equivalent HPLMN (EHPLMN).

Frequency Layer: Cells of same PLMN, RAT and carrier frequency form a frequency layer

Location Registration (LR): UE registers its presence in a registration area, for instance regularly or when entering a new tracking area.

Layer priority: Layer priority indicates priority of the frequency layer which is used in the reselection rules

Process: A local action in the UE invoked by an RRC procedure or an Idle Mode procedure.
Radio Access Technology: Type of technology used for radio access, for instance E-UTRA, UTRA or GSM.

Registered PLMN: This is the PLMN on which certain Location Registration outcomes have occurred [5].

Tracking Area: (NAS) tracking area is an area in which the UE may roam without a need to perform location registration, which is a NAS procedure.

Reserved Cell: A cell on which camping is not allowed, except for particular UEs, if so indicated in the system information.

Restricted Cell: A cell on which camping is allowed, but access attempts are disallowed for UEs whose access classes are indicated as barred.
Selected PLMN: This is the PLMN that has been selected by the NAS, either manually or automatically.

Serving cell: The cell on which the UE is camped.

Serving Frequency Layer: The frequency layer that includes the serving cell.
Strongest cell: The cell on a particular carrier that is considered strongest according to the layer 1 cell search procedure [6][7]. 

Suitable Cell: This is a cell on which an UE may camp. For a E-UTRA cell, the criteria are defined in subclause 4.3, for a UTRA cell in [8], and for a GSM cell the criteria are defined in [9].
~ next modified section ~
5.2.4


Cell Reselection Evaluation Process

5.2.4.1
Measurement rules
The measurement rules below apply in RRC_IDLE. The UE shall search for all cells on the same frequency. The following rules are used by the UE to limit needed measurements by the UE:

If SServingCell > Sintrasearch, UE may choose to not perform intra-frequency measurements. 
If SServingCell <= Sintrasearch, UE shall perform intra-frequency measurements.

If existence of a higher priority frequency layer than the serving frequency layer is indicated in system information,


The UE shall periodically search for suitable cells on higher priority frequency layers than the serving frequency layer. The UE may utilise priority order when performing searches and measurements of higher priority frequency layers, if the UE does not support searches and measurements of all the indicated higher priority layers in parallel (i.e. the highest priority layer first)..
If no SnonServingCell,x of cells on the searched higher priority frequency layer is greater than Threshx,high , then the UE shall search for suitable cells on other higher priority layers in decreasing priority order until a cell fulfilling the criteria Threshx,high is found or all the higher priority layers are searched. The UE shall periodically search for cells on the indicated higher priority frequency layers, as long as the UE has not identified a cell satisfying Threshx,high on any of the indicated higher priority layers. Periodicity shall be at least as often as THigherPrioritySearch indicates. The periodicity may be increased if serving cell is below threshold Threshserving_high (detail FFS).

(Editor’s note: The relationship of the THigherPrioritySearch to the monitoring period once one or more cells have been identified needs further clarification between RAN2 and RAN4)
If existence of a lower priority frequency layer than the serving frequency layer is indicated in system information,

If SServingCell > Threshserving_high, the UE may choose to not perform searches and measurements of lower priority layers.

If SServingCell <= Threshserving_high and the UE has not identified a cell that satisfies SnonServingCell,x > Threshx, high from the serving frequency layer or on a same or higher priority frequency layer, the UE shall search for suitable neighbour cells on the indicated lower priority frequency layers. The UE may utilise priority order when performing searches and measurements of lower priority frequency layers, if the UE does not support searches and measurements of all the indicated lower priority layers in parallel. The UE shall periodically search for cells on the indicated lower priority frequency layers, as long as SServingCell <= Threshserving_high and the UE has not identified a cell satisfying Threshserving, high on the serving frequency layer or Threshx, high on higher priority frequency layer. Periodicity shall be at least as often as TLowerPrioritySearch indicates. Periodicity may be set higher if camped cell is below some radio criteria (e.g. Threshserving_high FFS)

If another frequency layer has same priority as the serving frequency layer,


If SServingCell > Threshserving_high, the UE may choose not to perform measurements of other equal priority frequency layers than the serving frequency layer.

If SServingCell <= Threshserving_high,r, the UE shall periodically search for cells on the frequency layers of same priority. Periodicity shall be at least as often as TEqualPrioritySearch indicates.

Where SServingCell is the S-value of the serving cell and SnonServingCell,x is the S-value of a non-serving cell on another frequency layer.

Absolute priorities of different layers are provided to the UE by the serving cell (broadcast information) or by the cell the UE last performed location registration or turned to RRC_IDLE from RRC_CONNECTED.

If no frequency layer priority information has been provided all layers are regarded as being of same priority.

NOTE: TX_Layer, (X=higher,lower or equal priority) should be evaluated by RAN4 if they can be set to same value and possibly fixed values could be considered. 

NOTE: Threshx, high/low may be specific for each layer
5.2.4.2
High mobility state 

High-mobility state is applicable if the parameters TCRmax, NCR and TCRmaxhyst are sent in the system information broadcast of the serving cell. 

If number of cell reselections during time period TCRmax exceeds NCR, high-mobility state has been detected.

When the number of cell reselections during time period TCRmax no longer exceeds NCR, the UE shall:

-
continue in high-mobility state.

-
if the criteria for entering high mobility is not detected during time period TCrmaxHyst:

-
exit high-mobility state.

If the UE is in high-mobility state, the UE shall apply the speed dependent scaling rules as defined in subclause 5.2.4.4.

Note: It is FFS whether we have some additional speed detection methods

5.2.4.3

Highest ranked cells with cell reservations, access restrictions or unsuitable for normal camping

For the highest ranked cell (including serving cell) according to cell reselection criteria specified in subclause 5.2.3.4, the UE shall check if the access is restricted according to the rules in subclause 5.3.1.

If that cell and other cells have to be excluded from the candidate list, as stated in subclause 5.3.1, the UE shall not consider these as candidates for cell reselection. This limitation is removed when the highest ranked cell changes.
If the highest ranked cell is an intra-frequency cell which is not suitable due to being part of the "list of forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. If the UE has to perform an any cell selection procedure any limitation shall be removed.

If the highest ranked cell is an inter-RAT cell which is not suitable due to being part of the "list of forbidden LAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell as a candidate for reselection for a maximum of 300s. If the UE has to perform an any cell selection procedure any limitation shall be removed.
5.2.4.4


Cell Reselection Procedure

Cell reselection to a cell on a higher priority layer shall be performed if:

-
The SnonServingCell,x of a cell of a higher priority layer is greater than Threshx, high during a time interval Treselection (which is scaled in case the UE is in high mobility state as defined in subclause 5.2.4.2); (It is FFS whether additional Qhyst should be used.)

-
OR the SnonServingCell,x of a cell of a higher priority layer is greater than Threshx, low during a time interval Treselection (which is scaled in case the UE is in high mobility state as defined in subclause 5.2.4.2); (It is FFS whether additional Qhyst should be used.) and SServingCell is below Threshserving, low
-
AND more than [TBD] second(s) has elapsed since the UE camped on the current serving cell. (Whether this should be a fixed value or something configurable is FFS.)
Cell reselection to a layer of same priority as the current serving layer shall be performed if:
-
No cell of a higher priority layer fulfills the criteria above;

-
The cell on a frequency layer fulfills the ranking criteria defined in 5.2.4.5.
Cell reselection to a cell on a lower priority layer shall be performed if:
-
No cell of a higher priority layer or of a equal priority layer (including the serving layer) fulfill the criteria above;
-
SServingCell < Threshserving, low and the SnonServingCell,x of a cell of a lower priority frequency layer is greater than Threshx, low  during a time interval Treselection (which is scaled in case the UE is in high mobility state as defined in subclause 5.2.4.2); (It is FFS whether additional Qhyst should be used.)
-  AND more than [TBD] second(s) has elapsed since the UE camped on the current serving cell. (Whether this should be a fixed value or something configurable is FFS.)
5.2.4.5


Cell Reselection Criteria

The cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined by:
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where:

	Qmeas
	RSRP measurement quantity used in cell reselections.


The UE shall perform ranking of all cells that fulfill the cell selection criterion S, which is defined in 5.2.3.2.
The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using averaged RSRP results.
If an cell is ranked as the best cell the UE shall perform cell re-selection to that cell. If this cell is found to be non-suitable, the UE shall behave according to subclause 5.2.4.3.

In all cases, the UE shall reselect the new cell, only if the following conditions are met:

-
the
new cell is better ranked than the serving cell during a time interval Treselections
-
if the mobile is in high mobility state multiply Treselection (and Qhyst FFS) by the IE "Speed dependent ScalingFactor for Treselections" if sent on system information and UE 
-
more than [TBD] second(s) has elapsed since the UE camped on the current serving cell.
5.2.4.6


Cell reselection parameters in system information broadcasts

Cell reselection parameters are broadcast in system information and are read from the serving cell as follows:

Qoffsets,n
This specifies the offset between the two cells and if those two cells reside on different frequency layers then this may (FFS) contain also offset between those two frequency layers.
Qhyst

This specifies the hysteresis value.
Qrxlevmin

This specifies the minimum required RX level for camping in the cell in dBm.
Treselection
This specifies the cell reselection timer value.
Threshserving,low
A minimum level that needs to be fulfilled for camping on a cell on the serving frequency layer.
Threshx,low
A minimum level that needs to be fulfilled for camping on a cell on a frequency/RAT layer. The value is given for each inter-frequency/RAT layer (FFS).
Threshx,high
The level above which the UE shall reselect to a higher priority layer. The value is given for each inter-frequency/RAT layer (FFS).
SIntraSearch
This specifies the threshold (in dB) for intra frequency measurements.
Threshserving_high
This specifies the threshold (in dB) for non-intra frequency measurements.

THigherPrioritySearch
This specifies the minimum periodicity for higher priority frequency layer measurements.

TLowerPrioritySearch
This specifies the minimum periodicity for lower priority frequency layer measurements.

TEqualPrioritySearch
This specifies the minimum periodicity for equal priority frequency layer measurements.

TCRmax


This specifies the duration for evaluating allowed amount of cell reselection(s).

NCR
This specifies the maximum number of cell reselections.

TCRmaxHyst
This specifies the additional time period before the UE can exit high-mobility.

Speed dependent ScalingFactor for Treselections
This specifies the scaling (multiplication) factor to be used by the UE in RRC_IDLE state for the parameter Treselections in case high-mobility state has been detected.
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