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1
Introduction
It was agreed during RAN2#73bis that reselection from CELL_FACH state to LTE would be considered as part of Rel-11 WI Further Enhancements to CELL_FACH. 

During Rel-8, it was decided that reselection from UTRAN to EUTRAN would be supported only in Idle mode, CELL_PCH and URA_PCH states. The functionality was intentionally not allowed from CELL_FACH state largely due to 2 reasons
1. CELL_FACH state was seen as a temporary state, with UE spending only a small amount of time in that state

2. The impact to performance requirements for measurements in CELL_FACH state would be quite severely impacted and the work needed to enable this would be significant.

In this paper we provide some further considerations on the topic.

2
Discussion
As observed in [4] CELL_FACH state, already in Rel-8 with some UE device types and in some operator networks, the UE remains in CELL_FACH state for longer periods of time than originally anticipated. Without allowing reselection in CELL_FACH state, the UE must be able to perform the necessary measurements and evaluation during idle or semi-idle (i.e. CELL_PCH, URA_PCH) states. It has been shown that in many scenarios, the UE does not remain in these states for long enough to perform reselection hence the UE is unable to perform reselection to LTE – in particular to higher priority LTE “hotspots”. 
With the new WI in [5] it’s anticipated that Rel-11 devices in networks utilising the (further) enhanced CELL_FACH features will remain in CELL_FACH for even longer periods of time. In order for the Rel-11 CELL_FACH features to be successful, it’s patticularly important that we do not have strong reasons for operators to avoid utilising those features – specifically if the UE would be unable to reselect to LTE hotspots due to usage of Rel-11 CELL_FACH features, then it becomes far less attractive to take into use. 

It has already been shown in [4] that there is a very straightforward approach to at least performing measurements and reselection to high priority LTE layers – in addition the proposed approach enables reselection to any high priority layers, however admittedly reselection to equal and lower priority layers still needs further consideration. Before going into the details of how to implement this, whether earlier release UEs could make use of the feature, and how to handle other high priority layers (UTRAN inter-freq, GERAN) and equal/low priority layers we should make the basic agreement to introduce measurements and reselection from CELL_FACH state to LTE in Rel-11. 
Proposal 1: Measurements and reselection from CELL_FACH state to high priority LTE layers shall be introduced at least in Rel-11.  Further details on the approach to UTRAN/GERAN layers, and equal/lower priority layers can still be discussed. 
2.1
Extending current performance

FACH Measurement occasions are infrequent and are shared equally between all the configured measurement types so the effectiveness of these gaps is quite poor. One additional problem in Rel-8 is that, even though the measurement and reselection rules are specified in [2] for handling low/equal/high priority layers in CELL_FACH state, the corresponding requirements are missing from RAN4 specifications in [1]. This means that although the UE may choose not to perform measurements on equal/low priority layers when the serving cell quality is good, the UE needs to still meet the “legacy” performance requirements even for high priority layers, while in CELL_FACH – hence some work is most likely needed anyway in RAN4 to clarify the performance requirements for CELL_FACH in Rel-8, and is most certainly needed to specify the requirements in Rel-11 especially if LTE measurements are introduced. 

With the introduction of EUTRAN the effectiveness of the legacy requirements will become even worse if the current solution is simply extened to incorporate EUTRAN. The rest of this section explains how measurement occasions are calculated today and estimates the impact of simply extending the the current solution to incorporate EUTRAN.
Current measurements occasions are specified in [1].  
The measurement repetition is determined by the following algorithm:

The measurement time Tmeas is then defined as 
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Where: M_REP is the Measurement Occasion cycle length where K is given in Table 8.10A. K is the FACH measurement occasion length coefficient as specified in [3]
The FACH Measurement Occasion of NTTI frames will be repeated every NTTI * M_REP frame. This means that the measurement time Tmeas increases uniformerly for each RAT supported.  This has a detrimental impact on interfrequency and interRAT (GERAN) measurements.

A typical FACH configuration is as follows: InterFrequency (NFDD=1) and interRAT (GERAN) (NGSM =1) where K is 3 (MREP = 8) and Ntti = 1.  .

In this config Tmeas = (1+0+1)  * 1 * 8 * 10 = 160ms

As shown in [4] the current performance for such configuration is already quite slow: 

· Interfrequency measurement occasion occurs every 160ms and as it takes about 5 measurement occasions to perform a search it results in a search every 800ms.
· GERAN measurement every 160ms, which results in a BSIC verification time of 7.68 seconds and BSIC Refresh time of 6.4 seconds:

If this existing mechanism was extended to EUTRAN the times would be impacted even further:

The measurement time Tmeas is then defined as:



[image: image2.wmf](

)

[

]

10

M_REP

N

TTI

×

×

×

+

+

+

=

EUTRA

GSM

TDD

FDD

meas

N

N

N

N

T

ms

If we use the same example as before Tmeas = (1+0+1+1) * 1 * 8 * 10 = 240ms

· EUTRAN measurement occasion every 240ms and as it takes about 1 measurement occasions to perform a EUTRAN search it results in a search every 240ms. 

· Interfrequency measurement occasion every 240ms and as it takes about 5 measurement occasions to perform an inter-frequency search it results in a search every 1200 ms. 
· GERAN measurement every 240ms, which results in a BSIC verification time of 29 seconds for BSIC verification and a BSIC refresh time of 17 seconds:
Hence Interfrequency measurements would be impacted by including EUTRAN because of the number of measurement occasions are reduced by a third. Increasing inter-frequency search/detection by 30% and a very significant increase for BSIC verification / refresh in GERAN. 
It is our opinion that we should be extremely careful not to worsen the reselection performance to legacy frequency layers/RATs when introducing LTE reselection in CELL_FACH, since existing network deployments in most cases have already been tuned in order that the UE is able to reselect in bad coverage situations. Hence, the performance for reselection to inter-frequency and GERAN should be at least as good as they are today (it’s unlikely to be improved, however we should certainly not worsen the situation). Hence, special consideration is needed in order not to worsen the performance to legacy layers in bad coverage scenarios (i.e. when serving cell is below the threshold). The starting point could be that LTE measurements are not performed when the serving cell is below the threshold, and consider only high priority LTE layers – however if there are other ways to include LTE measurements without impacting the legacy performance then of course these should be considered.
Proposal 2: When considering introduction of measurements and reselection to LTE in CELL_FACH, the performance of reselection to UTRAN and GERAN layers should not be negatively impacted in bad coverage scenarios. Further study is needed in RAN2 and RAN4 whether that can be achieved and how to achieve that for equal/low priority layers.

2.2
Measurements and reselection to high priority layers
With the introduction of EUTRA, the absolute priority reselection algorithm was introduced where the NWs can prioritise either a frequency layer or RAT over another.  This also means that the available measurement occasions can be used more efficiently depending on the strength of the serving cell.

The UE will perform measurements based on the measurement rules specified in [2]:

This means that the rigid rules for measurement occasions are no longer required when trying to measure cells from a higher priority frequency layer (including interRAT layers). 
The measurement occasion gaps can be used based on the parameters Sprioritysearch1, Sprioritysearch2.  This can be applied to both inter frequency and interRAT measurement occasions or just interRAT measurement occasions, depending on the NW configuration.
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Figure 1: Measurement of high priority layers using FACH measurement occasions

Figure 1 shows the serving cell in three areas of signal strength.  
· When the serving cell strength is in the Higher Priority search region it can use the measurement occasions to detect high priority RATs and Frequencies (for example EUTRA). Since measurements of equal and low priority layers are not required, this leaves FACH measurement occasions free/available for performing high priority layer measurements.

·  When the cell drops to ALL priority searches (i.e. below Sprioritysearch) the UE can chose to schedule the interRAT measurement occasions based on either GERAN or EUTRAN based on their determined strengths or prioritise the lower priorty RAT (e.g. GERAN).

· When the serving cell drops below Thresh,servinglow the UE can default to the R99 mechanisms. 

As an example the R99 gap pattern might be as follows:
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Above Sprioritysearch
A high priority (HP) measurement occasion gap could use just the inteRAT measurement occassion or both the GERAN and FDD measurement occasions, which are not being used due to measurement rules allowing UE not to perform measurements on equal / low priority layers.
1) Use the inteRAT and FDD measurement Occasion for a HP search and measurement:
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2) Use only the inteRAT measurement Occasion for a HP search and measurement:
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Below Sprioritysearch
When performing an equal/lower priority search use the R99 rules:
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It’s worth noting, that when the serving cell level drops below Sprioritysearch however does not drop below Thresh,servinglow that the UE is required to measure according to the existing performance requirements, however the UE is not required to perform reselection until the serving cell level drops below Thresh,servinglow. As long as the existing performance requirements are still met for inter-freq and GERAN cells, then the UE could be allowed to perform measurements also on LTE cells if possible (and so may reselect to lower or higher priority LTE cells if measured). As per proposal 2, it’s yet to be seen whether and how that can be achieved. However, it appears to be straightforward to achieve high priority layer measurements without impacting legacy performance therefore we would propose, further to proposal 1, that the approach detailed above should be used for high priority layers. 
Proposal 3: When serving cell level is above Sprioritysearch, the UE shall measure high priority cells including EUTRAN cells while in CELL_FACH state, using the measurement occasions/DRX periods which are free due to disabling equal/low priority layer measurements. 
Proposal 4: When serving cell level is below Sprioritysearch, the UE shall meet existing performance requirements for UTRAN and GERAN cells. Extention to include LTE measurements in this scenario is TBD. 
In order to enable FACH measurement occasions to be used for LTE measurements, an update is required to System Information Block Type 11 in the IE FACH measurement occasion info -> Inter-RAT measurement indicators -> RAT type. Currently only GSM and IS2000 can be indicated to use fach measurement occasions and this should be extended to include EUTRA.  

Further, to enable the network to control whether UE uses DRX in enhanced CELL_FACH state, System information Block Type 5 should be updated with a flag to indicate whether EUTRA should be measured.

With this in mind, it’s quite possible for an early UE to implement this function early. This allows early UEs to at least be capable of performing reselection to high priority LTE layers, and does not prevent the possiblitity for extend further the performance for equal/low priority layers to include LTE layers later in Rel-11. 

This has no interoperability issues, since a NW which does not broadcast the enabling information on BCCH, then the capable UE won’t perform the related functions.
The CRs have already been provided in [6], [7], [8] – with some updates to the latest version of the specification these could be implemented and asn1 frozen early in Rel-11.

Based on the above, we make the following proposal.
Proposal 5: Introduce necessary IEs in Rel-11 specification, freeze those relevant non-critical extensions prior to Rel-11 closure, and allow early UE implementation from Rel-8. 

5

Conclusion
In this paper we have revisited why reselection from UTRAN CELL_FACH state to EUTRAN imposes severe limitations to the mobility from UMTS to LTE. We propose an approach whereby high priority LTE layers can be reselected, even with earlier than Rel-11 UEs, without impacting performance to GERAN/UTRAN. 
Proposal 1: Measurements and reselection from CELL_FACH state to high priority LTE layers shall be introduced at least in Rel-11.  Further details on the approach to UTRAN/GERAN layers, and equal/lower priority layers can still be discussed. 
Proposal 2: When considering introduction of measurements and reselection to LTE in CELL_FACH, the performance of reselection to UTRAN and GERAN layers should not be negatively impacted in bad coverage scenarios. Further study is needed in RAN2 and RAN4 whether that can be achieved and how to achieve that for equal/low priority layers.

Proposal 3: When serving cell level is above Sprioritysearch, the UE shall measure high priority cells including EUTRAN cells while in CELL_FACH state, using the measurement occasions/DRX periods which are free due to disabling equal/low priority layer measurements. 
Proposal 4: When serving cell level is below Sprioritysearch, the UE shall meet existing performance requirements for UTRAN and GERAN cells. Extention to include LTE measurements in this scenario is TBD. 
Proposal 5: Introduce necessary IEs in Rel-11 specification, freeze those relevant non-critical extensions prior to Rel-11 closure, and allow early UE implementation from Rel-8. 
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