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Background 

At RAN2#45 a proposal for improving the cell reselection was made in R2-022292.

That proposal was based on the usage of Penalty_time in HCS only when low mobility has been detected by the UE, in order to be able to avoid undesired cell reselection increasing the “penalties” to the target cell while preventing high mobility UE to remain “unreachable” due to the too slow cell reselection caused by the additional penalties. 

During the discussion a number of questions on the typical scenarios were raised. Also a number of ambiguities in the HCS text part have been highlighted and a number of corrections has been proposed (and generally agreed) during RAN2#45-bis in R2-050264.

In parallel a proposal from TeliaSonera to consider both RSCP and Ec/No in cell reselection criteria was presented and revised in RAN2#45-bis in R2-050267.  It has to be noticed, however, that the original proposal from Vodafone would also solve the issue raised by TeliaSonera, since in HCS both RSCP and Ec/No conditions are checked.

Finally an LS was sent to RAN4 (R2-050304) in order to inform them of the current discussions in RAN2.

In the following we tried to summarise the discussions done from RAN2#45.

General clarification on the solution

The following main points were raised during the presentation of the document R2-022292:

1. Should TOn be ignored in high mobility case only for the R criteria (Rn equation) or also for the H criteria (Hn equation)?

2. Is there any potential backward compatibility issue wtr to “real HCS network” (i.e. with different priority layers configured) once that the proposal is accepted.

Clarification 1)

Answer: Should be ignored only for Rn.
As explained in the document, in case an operator would like to be able to optimize the cell reselection parameters for high mobility and low mobility cases, it has to switch HCS on (HCS indicated as used in the System Information). If it is not interested in hierarchical support (e.g., the network plan is not based on micro/macro layer but just on macro one…), then it can set all the neighbouring belonging to the same priority value as the serving one. In this case, following the current H criteria definition, TOn is equal to 0, as explained in the following reported definition of 25.304. 
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Clarification 2)

Answer: No problem foreseen.
Looking at the previous definition and the following R equations you can see that for R criteria, TOn would just impact cells on the same priority layer, while it is not considered in case of different priority layer. 

So in case HCS is used with different priority layers, the change proposed change is not applied naturally.  
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Penalty Time values and backward compatibility

During the discussion on the LS sent to RAN4, it was pointed out that the value ranges of Penalty Time were too coarse to be really used. It is not clear why so a coarse range were decided, but anyway a finer range was believed to be needed and Vodafone has produced a CR (R2-050328) at this scope. 

In order to obtain a backward compatible solution, the proposal is to broadcast another Penalty Time value that would be used by Rel.5 UE.  Previous release UE would still receive (and apply) the “old” value.

If this CR is accepted, we need to consider if it is worth to allow Rel.99/4 UE to apply this CR even based on the “Rel.99/4” Penalty Time value.  Apparently it seems not recommended but if the companies believe that values other than 0 cannot really be used at that purpose then the application of the present CR is fully backward compatible.  Please notice that for sake of optimization purpose, Treselection can still be used to compensate the lower Penalty Time and that Rel.5 UE would have new sets of Treselection based on the current RRC state of the UE.   

Based on the previous reasoning Vodafone think that Rel.99/4 might be allowed to support the CR, but would like to discuss it further in RAN2.

Cell reselection cases

During the discussions different operators have shown different interests on the cell reselection scenario to be covered by this improvement.

In particular some operators were more interested in the optimization of inter-frequency and inter-RAT reselection, since they believe that these are the scenario where undesired reselections most penalize the system performance. 

In RAN4 specifications, the required measurement period for inter-freqeucny cells is longer as a function of the number of carriers you are measuring. Therefore you would typically have a proportionally longer Penalty time to provide the same certainty to the re-selection decision as you would have for intra-frequency cells. 

In general, for the intra-frequency case, you would always want the UE to be on the best cell as not to cause system level inteference, so setting the Penalty time to be quite small should be the normal case, thus having a different setting for high and low mobility would be less useful here.  In case of Inter-RAT, any reselection would typically trigger a LAU/RAU (double in case the UE would come back …) resulting in a signaling load and in an outage of more than 10s. in average.

In case of intra-frequency, undesired cell reselection generally does not imply any signaling exchange with the network, and as far as the service QoS is concerned, some operators believes that the differentiation of Treselection between the RRC states should be sufficient.

 Anyway, regardless the position of each company, it is worth noticing that the proposal could allow to differentiate the Penalty Time based on the mobility status since the Penalty Time is set per Neighbouring relation.  The same cannot be done on parameters (like Treselection) based on the source cell.

Way forward

Based on the clarifications contained in the document, the Penalty Time extensions and the discussions done from the last RAN2#45, Vodafone proposes to agree on the following CR for Rel.5
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5.2.6.1.4
Cell Reselection Criteria

The following cell re-selection criteria are used for intra-frequency cells, inter-frequency cells and inter-RAT cells:

The quality level threshold criterion H for hierarchical cell structures is used to determine whether prioritised ranking according to hierarchical cell re-selection rules shall apply, and is defined by:
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If it is indicated in system information that HCS is not used, the quality level threshold criterion H is not applied.
The cell-ranking criterion R is defined by:
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TEMP_OFFSETn applies an offset to the H and R criteria for the duration of PENALTY_TIMEn after a timer Tn has started for that neighbouring cell.

TEMP_OFFSETn and PENALTY_TIMEn are only applicable if the usage of HCS is indicated in system information.
TEMP_OFFSETn and PENALTY_TIMEn  in R criteria are applicable only in low mobility case.

The timer Tn is implemented for each neighbouring cell. Tn shall be started from zero when one of the following conditions becomes true:

-
if HCS_PRIOn <> HCS_PRIOs and

Qmeas,n > Qhcsn


Or
-
if HCS_PRIOn = HCS_PRIOs and
-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH RSCP in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset1s,n

-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH Ec/No in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset2s,n

-
for all other serving and neighbour cells:


Qmeas,n > Qmeas,s + Qoffset1s,n

Tn for the associated neighbour cell shall be stopped as soon as any of the above conditions are no longer fulfilled. Any value calculated for TOn is valid only if the associated timer Tn is still running else TOn shall be set to zero.

At cell-reselection, a timer Tn is stopped only if the corresponding cell is not a neighbour cell of the new serving cell, or if the criteria given above for starting timer Tn for the corresponding cell is no longer fulfilled with the parameters of the new serving cell. On cell re-selection, timer Tn shall be continued to be run for the corresponding cells but the criteria given above shall be evaluated with parameters broadcast in the new serving cell if the corresponding cells are neighbours of the new serving cell.
	Sn
	Cell Selection value of the neighbouring cell, (dB)

	Qmeas
	Quality value. The quality value of the received signal derived from the averaged CPICH Ec/No or CPICH RSCP for FDD cells, from the averaged P-CCPCH RSCP for TDD cells and from the averaged received signal level for GSM cells. The averaging of these measurement quantities are performed as specified in [10] and [11]. For FDD cells, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.


Cell reselection parameters broadcast in system information are listed in subclause 5.2.6.1.5.

The cell selection criterion S used for cell reselection is fulfilled when:
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	Squal 
	Cell Selection quality value (dB)

Applicable only for FDD cells. 

	Srxlev
	Cell Selection RX level value (dB)

	Qqualmeas
	Measured cell quality value. The quality of the received signal expressed in CPICH Ec/N0 (dB) for FDD cells. CPICH Ec/N0 shall be averaged as specified in [10].

Applicable only for FDD cells.

	Qrxlevmeas
	Measured cell RX level value. This is received signal, CPICH RSCP for FDD cells (dBm), P-CCPCH RSCP for TDD cells (dBm) and the averaged received signal level as specified in [10] for GSM cells (dBm). CPICH RSCP, P-CCPCH RSCP and the received signal level for GSM cells shall be averaged as specified in [10] and [11].

	Qqualmin
	Minimum required quality level in the cell (dB). Applicable only for FDD cells.

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Pcompensation
	max(UE_TXPWR_MAX_RACH – P_MAX, 0) (dB)

	UE_TXPWR_MAX_RACH
	Maximum TX power level an UE may use when accessing the cell on RACH (read in system information) (dBm)

	P_MAX
	Maximum RF output power of the UE (dBm)


The UE shall perform ranking of all cells that fulfil the S criterion among

-
all cells that have the highest HCS_PRIO among those cells that fulfil the criterion H >= 0. Note that this rule is not valid when UE high-mobility is detected (see subclause 5.2.6.1.2).

-
all cells, not considering HCS priority levels, if no cell fulfil the criterion H >= 0. This case is also valid when it is indicated in system information that HCS is not used, that is when serving cell does not belong to a hierarchical cell structure.

The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using CPICH RSCP, P-CCPCH RSCP and the averaged received signal level as specified in [10] and [11] for FDD, TDD and GSM cells, respectively.
The offset Qoffset1s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst1s is used for Qhysts to calculate Rs.

If the usage of HCS is indicated in system information, TEMP_OFFSET1n is used for TEMP_OFFSETn to calculate TOn. TOn is not used to calculate Rn in high mobility state. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. The best ranked cell is the cell with the highest R value.

If a TDD or GSM cell is ranked as the best cell, then the UE shall perform cell re-selection to that TDD or GSM cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH RSCP, the UE shall perform cell re-selection to that FDD cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH Ec/No, the UE shall perform a second ranking of the FDD cells according to the R criteria specified above, but using the measurement quantity CPICH Ec/No for deriving the Qmeas,n and Qmeas,s and calculating the R values of the FDD cells. The offset Qoffset2s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst2s is used for Qhysts to calculate Rs. If the usage of HCS is indicated in system information, TEMP_OFFSET2n is used to calculate TOn. TOn is not used to calculate Rn in high mobility state. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. Following this second ranking, the UE shall perform cell re-selection to the best ranked FDD cell.

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 Treselection. For hierarchical cell structures when high mobility state has not been detected, if according to the HCS rules the serving cell is not ranked then all the ranked cells are considered to be better ranked than the serving cell.
-
more than 1 second has elapsed since the UE camped on the current serving cell.
5.2.6.1.5
Cell reselection parameters in system information broadcasts

The selection of values for network controlled parameters can be optimised by means of different methods. Examples of methods are described in [6]. Cell reselection parameters are broadcast in system information and are read in the serving cell as follows:

Qoffset1s,n
This specifies the offset between the two cells. It is used for TDD and GSM cells and for FDD cells in case the quality measure for cell selection and re-selection is set to CPICH RSCP.

Qoffset2s,n
This specifies the offset between the two cells. It is used for FDD cells in case the quality measure for cell selection and re-selection is set to CPICH Ec/No.

Qhyst1s
This specifies the hysteresis value (Qhyst). It is used for TDD and GSM cells and for FDD cells in case the quality measure for cell selection and re-selection is set to CPICH RSCP.

Qhyst2s
This specifies the hysteresis value (Qhyst). It is used for FDD cells if the quality measure for cell selection and re-selection is set to CPICH Ec/No.
HCS_PRIOs, HCS_PRIOn

This specifies the HCS priority level (0-7) for serving cell and neighbouring cells.

HCS priority level 0 means lowest priority and HCS priority level 7 means highest priority.
Qhcss, Qhcsn

This specifies the quality threshold levels for applying prioritised hierarchical cell re-selection.

Qqualmin

This specifies the minimum required quality level in the cell in dB. It is not applicable for TDD cells or GSM cells.
Qrxlevmin

This specifies the minimum required RX level in the cell in dBm.
PENALTY_TIMEn
This specifies the time duration for which the TEMPORARY_OFFSETn is applied for a neighbouring cell.

TEMPORARY_OFFSET1n
This specifies the offset applied to the H and R criteria for a neighbouring cell for the duration of PENALTY_TIMEn. It is used for TDD and GSM cells and for FDD cells in case the quality measure for cell selection and re-selection is set to CPICH RSCP.

TEMPORARY_OFFSET2n
This specifies the offset applied to the H and R criteria for a neighbouring cell for the duration of PENALTY_TIMEn. It is used for FDD cells in case the quality measure for cell selection and re-selection is set to CPICH Ec/No.

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 revert to low-mobility measurements.

Treselections
This specifies the cell reselection timer value.

SsearchHCS
This threshold is used in the measurement rules for cell re-selection when HCS is used. It specifies the limit for Srxlev in the serving cell below which the UE shall initiate measurements of all neighbouring cells of the serving cell.
SsearchRAT 1 - SsearchRAT k
This specifies the RAT specific threshold in the serving cell used in the inter-RAT measurement rules.

SHCS,RATm

This threshold is used in the measurement rules for cell re-selection when HCS is used. It specifies the RAT specific threshold in the serving cell used in the inter-RAT measurement rules.

Sintrasearch
This specifies the threshold (in dB) for intra frequency measurements and for the HCS measurement rules.

Sintersearch
This specifies the threshold (in dB) for inter-frequency measurements and for the HCS measurement rules.

Slimit,SearchRATm
This threshold is used in the measurement rules for cell re-selection when HCS is used. It specifies the RAT specific threshold (in dB) in the serving UTRA cell above which the UE may choose to not perform any inter-RAT measurements in RAT "m".

5.2.6.2
GSM case

The cell reselection procedure in GSM, including reselection from GSM to UTRA, is specified in [1].
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Squal = Qqualmeas – Qqualmin



Srxlev = Qrxlevmeas - Qrxlevmin - Pcompensation
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Hs = Qmeas,s - Qhcss







Hn = Qmeas,n - Qhcsn – TOn *  Ln
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for FDD cells:		Srxlev > 0  AND Squal > 0



for TDD cells:		Srxlev > 0



for GSM cells:		Srxlev > 0
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Rs = Qmeas,s + Qhysts







Rn = Qmeas,n - Qoffsets,n �- TOn *  (1 – Ln)   [low mobility case]







Rn = Qmeas,n - Qoffsets,n    		     [high mobility case]
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Rs = Qmeas,s + Qhysts







Rn = Qmeas,n - Qoffsets,n �- TOn *  (1 – Ln)
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TOn = TEMP_OFFSETn * W(PENALTY_TIMEn – Tn)







Ln = 0		if  HCS_PRIOn = HCS_PRIOs�Ln = 1		if  HCS_PRIOn <> HCS_PRIOs







W(x) = 0	for x < 0



W(x) = 1	for x >= 0




















