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1. INTRODUCTION

This document discussed some inconsistencies found in 25.304 with regards to HCS measurement rules and reselection. Throughout the document, an overview of how each discussed area is supposed to work in HCS will also be provided.

· Areas for discussion:

· Application of threshold based rules in high-mobility.

· When to reset Tcrmaxhyst.

· Usage of H criteria in High mobility 

· Use of prioritisation in mobility

· Use of Penalty time on cells of the same priority
2. Threshold Based Rules & High-Mobility

Bullet 1, Section 5.2.6.1.2-25.304, describes the measurement rules for threshold based measurements when HCS is used.

An important point to consider is that measurement rules and reselection rules are not the same thing, although the former has an impact on the latter.

The only reselection rules for HCS can be found in:

· section 5.2.6.1.2: “For intra-frequency and inter-frequency measurement rules for fast-moving UEs (…) prioritise re-selection of intra-frequency and inter-frequency neighbouring cells on lower HCS priority level before neighbouring cells on same HCS priority level.”)

· section 5.2.6.1.4: “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.”

These rules effectively control the UE mobility and give no possibility for implementation freedom. The measurement rules found in 5.2.6.1.2 differ from reselection rules in that they are defined in steps of power saving options, dependant on the quality of the serving cell. Basically, the better the serving cell, the less measurements the UE is required to make.

Below we present a copy of the measurement rules with comments, explaining the reasoning behind each requirement.

1.
For intra-frequency and inter-frequency threshold-based measurement rules


use Squal for FDD cells and Srxlev for TDD cells for Sx and apply the following rules.

IF (Srxlevs <= SsearchHCS) or (if FDD and Sx <= Sintersearch) THEN


measure on all intra-frequency and inter-frequency cells

[N1] The quality of the serving cell is really poor, therefore the UE is required to measure all intra/inter-frequency cells. There’s no mention of high or low mobility, therefore the logical interpretation would be that this rule applies to both mobility states.

ELSE


IF (Sx > Sintrasearch) THEN


measure on all intra-frequency and inter-frequency cells, which have higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


[N2] The quality of the serving cell is excellent, hence the UE is not required to measure cells of equal or lower priority. This rule shall not be used by fast-moving UEs.

It is reasonable to assume that cells on the same frequency are of the same priority. Therefore, this threshold has to be used with extreme caution. Setting it to a low value would mean that the UE could not be on the best cell of that frequency, thus creating interference to neighbouring cells. In our opinion, this value is only really useful to provide some power saving on the ELSE branch below (N3).

ELSE


measure on all intra-frequency and inter-frequency cells, which have equal or higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


[N3] The quality of the serving cell is better than N1, but worse than N2. The UE may choose not to measure lower priority cells (i.e. only equal or higher priority cell measurements are mandated). This rule shall not be used by fast-moving UEs.

ENDIF


ENDIF


If HCS is used and if Sintrasearch or SsearchHCS or Sintersearch (in FDD) are not sent for the serving cell, UE shall:
-
measure on all intra-frequency and inter-frequency cells.


[N4] If the thresholds that allow power saving are not sent, the UE has no power saving options and must measure all intra/inter-frequency cells. Because there’s no statement about high-mobility, this rule seems applicable to both slow and fast-moving UEs.
In N2 and N3, above the rules seem clear for slow and fast moving UEs. Furthermore, N1 and N4 also seem clear for slow-moving UEs.

However, for high-mobility N1 and N4 don’t seem that clear any more if bullet 2 of the same section is taken into account. Below, we copy bullet 2 of the section with comments inline.

2.
For intra-frequency and inter-frequency measurement rules for fast-moving UEs:


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

-
measure intra-frequency and inter-frequency neighbouring cells, which have equal or lower HCS priority than serving cell.


[N5] This rule is only applicable to fast-moving UEs, but how does it apply if N1 and N4 are also valid?
-
prioritise re-selection of intra-frequency and inter-frequency neighbouring cells on lower HCS priority level before neighbouring cells on same HCS priority level.


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

-
continue these measurements during time period TCrmaxHyst, and

-
revert to measurements according to the threshold based measurement rules.


[N6] This requirement seems to contradict N1 and N4, by implying that the threshold based rules are not applicable during high-mobility.
Taking the two bullets into account for the interpretation of high-mobility measurement rules, two interpretations are possible:

A. N1 and N4 are applicable to fast-moving UEs, but since requirement N5 is also applicable, the most stringent rule is followed when there is a clash of requirements. For example: if N5 and N1 are valid, then N1 is followed, because it requires more measurements from the UE (ie. Quality of serving cell is really poor). If N4 and N5 are valid, then N4 is followed because there’s no option of power saving (ie. no available thresholds for the quality of serving cell to be compared against).

B. N1 & N4 are only applicable to slow-moving UEs. N5 is followed at all times for fast-moving UEs

Interpretation A seems to cover most cases as it has the most stringent requirement. However, it should also be considered that in areas where the UE can move fast, the lower priority cells are likely to have better coverage anyway. Furthermore, in certain scenarios, interpretation B may have a better performance because the measurement time is not shared with higher priority layers.

Given that either interpretation has benefits depending on the situation and there is no significant benefit of one over the other, we would propose to clarify in the specification that this is optional, so that the threshold based rules rules may be applied by fast-moving UE’s.

3. Reseting of Tcrmaxhyst

Bullet 2 of Section 5.2.6.1.2-25.304 states that:

2.
Inter-RAT measurement rules for fast-moving UEs


[…]


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

-
continue these measurements during time period TCrmaxHyst, and

-
revert to measure according to the threshold-based measurement rules.

The intention of TCrmaxHyst is to provide some hysteressis over the going back to low mobility state. Therefore, a sensible interpretation would be that if the number of reselections during time interval TCrmaxHyst exceeds NCR, the UE shall stop TCrmaxHyst and maintain high-mobility.

However, the current text could also be interpreted such that, independently of the number of reselections during TCrmaxHyst, the UE will always go back to low mobility (ie. just provides some preparation time for entering low mobility).Effectively, this UE implementation would not cater for short term low mobility (e.g. traffic lights in a city)

Nokia would like to propose to clarify the behaviour here.

4. Usage of H Criteria in High-Mobility

Section 5.2.6.1.4-25.304 describes the cell reselection criteria. When HCS is in use and the UE is in low-mobility, the reselection rule seems perfectly clear such that the UE will try to select the highest priority cells that fulfill the H criteria. This is confirmed by the text “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”.

However, the same paragraph also states “Note that this rule is not valid when UE high-mobility is detected (see subclause 5.2.6.1.2)”.

It would be possible to interpret this paragraph in two different ways for fast-moving UEs:

a) In high-mobility, the UE does not prioritise cells with higher-priority nor does it take H criteria into account.

b) In high-mobility, the UE does not prioritise cells with higher priority.

Nevertheless, in the same section the definition of H criteria states that: “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”. This would mean that there can be no prioritisation without the H criteria, hence interpretation b) would be the correct one. 

In terms of performance, the main difference between the two possibilities is that a fast-moving UE taking a) into account, may try to prioritise a micro-cell with poor quality and reselect to it (from a pico-cell). The impact of this decision would be mostly only limited to the service that UE would obtain (probably no service?) and therefore there’s no real impact to the system or other UEs. The performance would be identical to a UE that takes b) into account, if the coverage by the lower priority cells is such that H criteria would be met.

Taking original intention (H criteria definition), performance analysis into account and that reselection rules should be clear to all UEs so that UTRAN manufacturers and operators can rely on a single behaviour for all UEs, we would propose to clarify the specification towards interpretation b) in Rel-6.

5. Meaning of ‘Prioritisation’ For Reselection

In the reselection rules for HCS, as stated in 4, the term ‘prioritisation’ is used. If there are only two priority layers (ie. two frequencies or RATs) where the prioritisation occurs, there isn’t much room for performance differences if prioritisation is interpreted differently between UE vendors.

However, it is possible that in the future more complex HCS networks will appear. It would be therefore beneficial to make sure all UEs have a predictable behaviour when reselecting between say 3 levels of priority (see Figure 1).

The two subclauses below discuss the low and high-mobility separately and they have two different sets of rules and behaviour. Still, both rely on a principle behind HCS planning – reselection is always biased towards the highest priority possible. This is because typically the lower the priority of the cell, the greater is its coverage. This also means that the lower the priority, the higher the cost in terms of capacity and power consumption.


Figure 1 - Three priority levels

5.1 Low-Mobility

According to the sentence “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”, it is clear that out of all the cells available for reselection, the UEs in low mobility will always try to reselect to cells with the highest priority.

Taking Figure 1 as basis for an example, if a UE was camped on a cell of the macro layer (with HCS_PRIO=2) and was in low-mobility, it would always try to reselect to cells with the highest HCS priority possible. If cells of both the micro-layer (HCS_PRIO=3) and pico-layer (HCS_PRIO=4) were candidates for reselection (ie. S and H criteria were fulfilled), the UE would reselect to the pico-layer – i.e. the layer with highest priority available.

Please note that it is likely that a UE camped on a cell of the macro-layer will be in low-mobility and the reselection to pico-cells is avoided in case of too high UE speed by the careful setting of reselection parameters like the penalty time, as discussed in section 6.

We assume the above described interpretation is clear in the current specification and it is not worth clarifying. It would be worth noting this discussion in the meeting minutes.

5.2 High-Mobility

According to the sentence “For intra-frequency and inter-frequency measurement rules for fast-moving UEs (…) prioritise re-selection of intra-frequency and inter-frequency neighbouring cells on lower HCS priority level before neighbouring cells on same HCS priority level”, found in section 5.2.6.1.2-25.304, a UE in high-mobility is required to prioritise cells of a lower priority level.

Let’s take Figure 1 as basis for a working example and say that a UE is camped on a cell of the pico-layer and high-mobility is detected. In this case, to which cell would the UE try to reselect, according to the above quote rule, if cells of both micro-layer and macro-layer meet the S and H criteria?

The current text allows two possibilities:

a) the UE reselects to the lowest priority available (in the example, the UE would reselect from pico-layer to macro-layer)

b) the UE reselects to the highest priority available out of the set of cells with lower priority than the serving cell (in the example, the UE would reselect from pico-layer to micro-layer).

According to the general principle for HCS reselections already discussed in 5, b) would in fact be the correct UE behaviour. However, it is worth analysing the differences in performance between the two behaviours. As a starting point for some working examples, let’s assume that the configuration is as shown in Figure 1 and that in any layer NCR=2 and TCRmax=60s. For the sake of simplicity let’s also assume that the cell coverage is halved everytime the HCS_PRIO increases (ie. macro-cell = 2 micro-cells = 4 pico-cells)

5.2.1 Convergence to micro-layer

If the UE is camped in the pico-layer and the number of reselections per minute was 3, then high-mobility would be triggered. If cells of both micro and macro layers fulfilled the S and H criteria, the behaviour of two UEs A, B, following a) and b) respectively would be as follows.

UE A: This UE would first reselect to the macro-layer (lowest priority available). Then the number of reselections would decrease to 1 per minute (or lower), therefore the UE would enter low-mobility. With adequate parameterisation of the PENALTY_TIME for the neighbouring cells (see discussion in section 6), it is likely that the UE would end up reselecting to the micro-layer after a certain time of low-mobility.

UE B: This UE would first reselect to the micro-layer (highest priority layer out of available cells with lower priority than the serving layer). The number of reselections would then decrease to 1 per minute (or lower) and the UE would enter low mobility. However, with adequate parameterisation of the PENALTY_TIME (see discussion in section 6), the cells on the pico-layer would never be candidates for reselection. Therefore, the UE would remain on the micro-layer.

In this example, UE B has a better performance because it avoids the extra reselection made by UE A.

5.2.2 Convergence to macro-layer

If the UE is camped in the pico-layer and the number of reselections per minute was 6, then high-mobility would be triggered. If cells of both micro and macro layers fulfilled the S and H criteria, the behaviour of two UEs A, B, following a) and b) respectively would be as follows.

UE A: This UE would first reselect to the macro-layer (lowest priority available). Then the number of reselections would decrease to 1 per minute, therefore the UE would enter low-mobility. Given the speed of the UE (double the speed assumed in 5.2.1), the adequate parameterisation of PENALTY_TIME for the neighbouring cells would ensure the UE would never have any higher priority cells as candidates for reselection.

UE B: At  first sight it would seem this UE would first reselect to the micro-layer (highest priority layer out of available cells with lower priority than the serving layer), and then perform a 2nd reselection to the macro layer as the UE would stay in high mobility. 
But, correct parameterization of PENALTY_TIMER would avoid this. As explained in 6, the setting of PENALTY_TIME avoids the UE reselecting to the wrong layer.  Effectively, this means that above a certain speed micro-cells would not pass the H criteria and the UE would therefore reselect straight to the correct layer (macro-layer). The number of reselections would decrease to 1 per minute and the adequate parameterisation of PENALTY_TIME for neighbouring cells would avoid any cells of micro/pico-layer ever becoming candidates for reselection.

In this example, with the correct use of Penalty Timers, UE A and UE B would both have the same number of reselections, and therefore there is no difference in performance.

5.2.3 High-mobility performance analysis

From 5.2.1 and 5.2.2, it can be seen that interpretation B will have advantages over the interpretation A if Penalty Timers are used correctly, and so we would propose to clarify the specification according to interpretation B.
6. Usage of Penalty Time

The parameter PENALTY_TIME is described in section 5.2.6.1.4 and is only used if the usage of HCS is indicated in the system information.

Despite the possibility to use this parameter as a hysteresis for reducing the number of reselections, its use is more applicable for controlling UE’s within the macro layer. This is because UEs entering high-mobility in a pico-layer would not continue in high mobility after reselection to the macro layer. In fact, the adequate use of PENALTY_TIME is the only way to ensure the feasability of a 3 layer architecture, as cells in micro-layer have to avoid UEs moving too easily to the pico-layer, but also avoid “not fast enough” UEs moving too easily to the macro-layer.

Basically, PENALTY_TIME ensures penalisation of cells on higher priority layers such that depending on the speed of the UE, they may or may not become candidates for reselection.

In addition, according to 5.2.6.1.4, PENALTY_TIME works in reverse for H and R criteria. It penalizes R critieria for cells of the same priority, but penalizes H criteria for cells of different priority.

Timer Tn is used to achieve the intended results with PENALTY_TIME and the UE behaviour for neighbour cells with the same HCS priority is mandated in 25.304 as shown below.

“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
-
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
…”

This means that TEMP_OFFSET is applied for a candidate cell on the same HCS layer (i.e. typically on the same frequency) for the duration of PENALTY_TIME after the quality of the neighbour cell has already exceeded the quality of the serving cell (by Qoffset). However, this also means that the UE may already be clearly inside the coverage area of the neighbour cell before it can reselect the neighbour cell due to high TEMP_OFFSET. 

In HCS networks this could very well mean, that even if the mobility of the UE would be low, the UE would perform cell reselection to a cell on a lower priority HCS layer instead of a neighbour cell on the current HCS due to a large temporary offset and different starting criterion for neighbour cells on different HCS layers.

For neighbour cells with different HCS priority than the serving cells is started as follows:

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
In GSM the starting of the corresponding penalty timer for a temporary offset is defined in GSM05.08 as follows:

T is a timer implemented for each cell in the list of strongest carriers (see subclause 6.6.1). T shall be started from zero at the time the cell is placed by the MS on the list of strongest carriers, except when the previous serving cell is placed on the list of strongest carriers at cell reselection. In this, case, T shall be set to the value of PENALTY_TIME (i.e. expired).
The list of the strongest cells in defined in the subclause 6.6.1 of 05.08 as follows:

The list of the 6 strongest non-serving carriers shall be updated at least as often as the duration of the running average defined for measurements on the BCCH allocation and may be updated more frequently.
Hence, in GSM the timer may expire before the candidate cell becomes better than the serving cell. 

In order to ensure that PENALTY TIME and TEMP_OFFSET do not delay cell reselection on the same HCS layer unnecessarily and thereby cause either ping-pong between frequency layers or undesired UL interference, we should probably reconsider how the PENALTY TIME is started for neighbour cells on the same HCS layer. 

A possible solution for the problem would be:

In a HCS network this could be done by applying the same rule for equal priority cells as for non-equal priority cells i.e.

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


Qmeas,n > Qhcsn
It is clear that penalty times for cells of the same priority should be much lower than the ones defined for cells of different priority. Otherwise even in low-mobility situation there is a danger that a UE makes unncessary layer change and soon returns to the previous layer (ping-pong effect).

However, considering the granularity of the current PENALTY_TIME, Integer (0, 10, 20, 30, 40, 50, 60), it can be seen that even the lowest value is practically unusable for cells on the same frequency (same priority), even if the solution above is taken. We would therefore strongly recommend the non-usage of this timer for cells of the same frequency and would ask RAN2 to consider an informative note in the specification.

7. CONCLUSION

Based on the previous sections our proposal could be summarised as follows:

1. Threshold based rules & high-mobility (section 2): there is no significant benefit between either interpretation, therefore we would only propose clarifying the specification to highlight both interpretations.

2. Reseting of Tcrmaxhyst (section 3): The intention of the specification seems clear that the UE should be kept in high-mobility under the scenario described. We propose to clarify that the UE should only enter low mobility when the timer expires, and if high mobility is detected when the timer is running, then the timer should be stopped.

3. Usage of H criteria in high-mobility (section 4): to avoid reselections to poor cells, we would propose a clarification in the direction of using H criteria in high-mobility.

4. Low-mobility prioritisation (sub-section 5.1): the specification seems clear, although it would be worth noting in the meeting minutes, for future reference, that the UE always tries to reselect to the highest priority possible.

5. High-mobility prioritisation (sub-section 5.2): Given the minimisation of reselections, we would propose to clarify the specification according to interpretation 5.2b

6. Penalty time (section 6): given that the mis-use of this timer could have severe consequences for intra-frequency cells, we would propose to add a note to the specification informing the reader of the consequences.
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5.2.6.1.2
Measurement rules for cell re-selection when HCS is used

If the system information broadcast in the serving cell indicates that HCS is used, then for intra-frequency and inter-frequency measurements, the UE shall:

1.
For intra-frequency and inter-frequency threshold-based measurement rules


use Squal for FDD cells and Srxlev for TDD cells for Sx and apply the following rules.

IF (Srxlevs <= SsearchHCS) or (if FDD and Sx <= Sintersearch) THEN


measure on all intra-frequency and inter-frequency cells. Fast-moving UEs may also use this rule.

ELSE


IF (Sx > Sintrasearch) THEN


measure on all intra-frequency and inter-frequency cells, which have higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ELSE


measure on all intra-frequency and inter-frequency cells, which have equal or higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ENDIF


ENDIF


If HCS is used and if Sintrasearch or SsearchHCS or Sintersearch (in FDD) are not sent for the serving cell, UE shall:
-
measure on all intra-frequency and inter-frequency cells. Fast-moving UEs may also use this rule.
2.
For intra-frequency and inter-frequency measurement rules for fast-moving UEs:


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

-
measure intra-frequency and inter-frequency neighbouring cells, which have equal or lower HCS priority than serving cell.

-
prioritise re-selection of intra-frequency and inter-frequency neighbouring cells, that fulfil the criterion H >= 0, on lower HCS priority level before neighbouring cells on same HCS priority level.
NOTE: When prioritising lower priority cells, the UE still selects the highest priority available out of the set of cells with lower priority than the serving cell.

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

-
continue these measurements during time period TCrmaxHyst.

if the number of cell reselections exceeds NCR during TCrmaxHyst, maintain high-mobility and stop TCrmaxHyst.

otherwise:
-
revert to measurements according to the threshold based measurement rules.

When serving cell belongs to a hierarchical cell structure, the UE shall follow these rules for Inter-RAT measurements:

1.
Inter-RAT threshold-based measurement rules


use Squal for FDD cells and Srxlev for TDD cells for Sx and apply the following rules.


IF (Srxlevs <= SHCS,RATm) or (if FDD and Squal <= SSearchRATm) THEN


UE shall measure on all inter-RATm cells


ELSE


IF (Sx > Slimit,SearchRATm) THEN


UE may choose to not measure neighbouring cells in RAT "m". Inter-RAT measurements that may have been performed shall not be considered in the cell-reselectrion criteria.


ELSE


UE shall measure on all neighbouring cells in RAT "m", which have equal or higher HCS priority level than the serving cell unless measurement rules for fast-moving UEs are triggered


ENDIF


ENDIF


If HCS is used and if SHCS,RATm is not sent for the serving cell, UE shall measure on all inter-RATm cells.

2.
Inter-RAT measurement rules for fast-moving UEs

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

-
measure the neighbouring cells in RAT "m", which have an equal or lower HCS priority than the serving cell
-
prioritise re-selection of neighbouring cells in RAT "m" on lower HCS priority level before neighbouring cells in RAT "m" on same HCS priority level.


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

-
continue these measurements during time period TCrmaxHyst, and

-
revert to measure according to the threshold-based measurement rules.

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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where:
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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.

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.
NOTE: The granularity specified in [4] is not sufficient to make practical use of the PENALTY_TIME for cells of the same priority in this revision of the specification.
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. 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. 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.
HCS_PRIO=3
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Hs = Qmeas,s - Qhcss







Hn = Qmeas,n - Qhcsn – TOn *  Ln
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Rs = Qmeas,s + Qhysts







Rn = Qmeas,n - Qoffsets,n �- TOn *  (1 – 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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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
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Squal = Qqualmeas – Qqualmin



Srxlev = Qrxlevmeas - Qrxlevmin - Pcompensation












