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1
Introduction
The WI Further Enhancements to CELL_FACH was updated in [4] as follows: 

Identify whether the gains justify the complexity for each of the following sub-features over existing mechanisms, and specify those for which this is shown to be the case. 

…..

· Mobility improvements:

· Absolute Priority reselection from CELL_FACH 

· Enhanced network controlled mobility from CELL_FACH 
Note: Mobility improvements should apply from CELL_FACH to LTE and inter-frequency UTRA, while mobility improvement from CELL_FACH to GSM can be considered if sufficient operator interest is shown

In [12] it has been indicated by RAN4 that introduction of absolute priority reselection in CELL_FACH state to E-UTRAN, UTRAN inter-frequency and GERAN would be beneficial, and RAN4 have indicated that they will specify the necessary performance requirements to support that. RAN4 requested that the relevant signalling and procedures are specified in RAN2 as part of this work item.
Much of this contribution has been shown in the past, in particular the analysis and proposals for reselection to high priority layers and the analysis of extending the current performance to include E-UTRAN, however it is worth revisiting. In addition we attempt to find a suitable solution to cover all of the cases (i.e. reselection to high, equal, and low priority layers of all RATs) which is fully under control of the operator.
2
Reselection to high priority frequency layers/RATs
As observed in several previous contributions; in 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”. 
Even with the agreed improvements to CELL_PCH performance this does not eliminate the problem – it’s impossible for RAN to predict the exact traffic pattern from current and future devices, especially as more and more 3rd party applications are being downloaded and installed on devices. 
Hence, the time spent in the different RRC states not only varies depending on the network vendor implementation and operator policies regarding state transition timers etc., but it can also vary from device to device, and depends on the user and will vary at different times depending on many other factors affecting the particular scenario. 

The details of the proposed scheme for reselecting to high priority layers have already been presented in [6]

 REF _Ref300304275 \r \h 
 \* MERGEFORMAT [7]. 
In summary, the UE shall apply priority based measurement rules in CELL_FACH, which allows to use fach measurement occasions or DRX periods which would be allocated for lower/equal priority layers in UTRAN/GERAN during bad coverage/serving cell quality to perform high priority searches while in good coverage and not needed for low/equal priority searches at that time (e.g. LTE “hotspot” searches). The CRs were provided in [12], [13], [14].
In fact, the approach to reselection towards high priority layers in independent from the approach taken for low priority layers. Due to the power saving requirements defined for measurements of high priority layers for service based reselection, when the level of the serving cell is above Sprioritysearch, it is not challenging for the UE to perform measurements of ALL high priority RATs for this purpose. The UE is required to evaluate each high priority layer at least every 60s, hence the majority of fach measurement occasions/DRX periods will be unused. 
As an example the R99 gap pattern might be as follows:
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In order to meet the legacy performance requirement, a UE will typically need to make full use of the measurement occasions to be able to measure and evaluate FDD and GERAN. 
Above Sprioritysearch
For example, in the following case

F1= LTE = priority 1

F2= HSPA interfrequency = priority 2

F3 = HSPA serving frequency = priority 2

GSM = priority 3 

It seems reasonable that measurement gaps are not used for priority 2 or priority 3 measurement, and only priority 1 needs to be measured. A high priority (HP) measurement occasion gap could use just the inter-RAT measurement occasion or both the inter-RAT 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 inter-RAT and FDD measurement Occasion for a HP search and measurement:
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2) Use only the inter-RAT measurement Occasion for a HP search and measurement:
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The UE may even choose to use only a few of those measurement opportunities in order to meet the minimum requirement, while achieving a good balance between performance and power saving.

In summary, there are plenty of measurement occasions or DRX periods available to perform measurements on high priority layers in order to meet the performance requirements currently specified for absolute priority based measurements and reselection. 
Proposal 1: UE shall measure all frequency layers and RATs with a priority higher than the serving frequency when the serving cell is above Sprioritysearch. It shall be possible for the NW to enable/disable LTE.
In order to address the problems which occur from Rel-8 it’s proposed:

Proposal 2: Reselection in CELL_FACH state to high priority LTE layers in Rel-11, using priority based measurement rules, should be implementable early in order to address the problems demonstrated from Rel-8. 
3
Reselection to equal/low priority frequency layers/RATs
Unlike the service based measurements situation, when performing coverage based measurements the requirements are far more demanding, quite understandably. 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 uniformly for each RAT supported.  This has a detrimental impact on interfrequency and inter-RAT (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

This provides an Interfrequency measurement occasion every 160ms and as it takes about 5 measurement occasions to perform a search it results in a search every 800ms.

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

This provides an 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. 

This provides an 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. 
This also results in a 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:

The impact of adding EUTRAN measurements by simply extending the current method would be to increase to the time to detect Inter-Frequency cells by 30% and a very significant increase for BSIC verification / refresh in GERAN

There is a trade-off to consider, since lower/equal priority frequencies and cells need to be considered additionally. Our initial thinking had been that it was important to ensure that legacy reselections to GERAN or UTRA are not affected by the introduction of reselection to LTE. In more general terms (i.e. not referring to LTE, but to absolute priorities generically), this could be stated as suspending higher priority search and measurement when SrxlevServingCell ≤ Sprioritysearch1 or SqualServingCell ≤ Sprioritysearch2. However, from the discussion in RAN2 and RAN4, it appears that there is also interest in measuring the higher priority RAT such as LTE when the serving cell quality/strength is not good. This might be needed, for example if there are deployments where an LTE hotspot is provided at the edge of UTRA coverage. 

The other side to this discussion is that measurement occasions are a finite resource, and increased DRX usage is also undesirable from a power consumption perspective, so it is not possible to do measurements of an increased number of carriers in the same time. This leads us to the conclusion that some operators may want to prioritise reselection to the lower/equal priority cells without impact to the performance over legacy (since legacy procedures are based on ranking, legacy procedures are equivalent to equal priority procedures), relying on idle mode to get UE to higher priority RATs like LTE when the serving cell quality/strength is not good, whereas other operators might be willing to compromise legacy (i.e. low/equal) reselection to a degree to allow the higher priority cells to be measured and reselected. 
In previous contributions we had proposed an approach whereby high priority layers were measured when the serving cell is above Sprioritysearch, and only GERAN and UTRAN are measured when the serving cell is below Sprioritysearch, as illustrated in Figure 1 below. 
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Figure 1: Measurements using absolute priority rules

However, in order to allow also LTE to be considered even in the coverage based measurement case, while maintaining a reasonable performance, there needs to be some level of control over which RATs should be given priority even in this case, rather than to require that ALL frequency layers/RATs should be measured with equal priority as is the case in Idle/PCH. 
There are several options to achieve that, and in the following options/examples, the RATs to be measured will be taken in a similar manner to the illustration above (in the place of “lower or equal priority” on the left of the above figure). 

The following options are given in order of our preference. 

Option 1:

The UE simply chooses two RATs to be measured according to the absolute priority, and performs measurements meeting similar performance to legacy measurements. The 3rd RAT is not measured. 

Example 1:

LTE (freq1) priority 1

UTRAN (serving) priority 2

UTRAN (inter-freq 1) priority 2

UTRAN (inter-freq 2)  priority 3

GERAN (32 ARFCNs) priority 4

Rule : Drop measurements of highest priority RAT if 3 RATs need to be measured

In the above example, the UE shall prioritise and measure UTRAN and GERAN low priority layers in case of coverage based measurements. In case of service based measurements the UE shall measure LTE.

Example 2:

LTE (freq1) priority 1

UTRAN (serving) priority 2

UTRAN (inter-freq 1) priority 2

UTRAN (inter-freq 2)  priority 3

In the above example, the UE shall prioritise UTRAN and LTE layers in case of coverage based measurements. In case of service based measurements the UE shall measure LTE. The difference between this and example 1 is that the operator has not configured GSM (either by not including in the neighbour list, or by using dedicated priorities to remove that RAT) so now only 2 RATs need to be measured in the coverage based measurement case and LTE can be considered. This provides full and dynamic control over the RATs to be measured, since the dedicated priority or broadcast priority information can always be updated to add/remove RATs. 
Example 3:

LTE (freq1) priority 1

UTRAN (inter-freq 1) priority 2

GERAN (freq1) priority 3

UTRAN (serving) priority 4

LTE (freq2 priority 5

GERAN (freq2) priority 6

UTRAN (inter-freq 2)  priority 7

Rule: Drop the lowest priority RAT, (from each of the RATs take the highest priority layer and compare) from the list. 

In the above example, the UE shall prioritise LTE and UTRAN in case of coverage based measurements. In case of service based measurements the UE shall measure LTE, GERAN and UTRAN. 

This rule has the advantage that it is achievable with the minimum signalling impact, hence making it more likely to be available in earlier devices and networks. However, since examples 1 and 2 are similar to what we have proposed in the past, if it is desirable for some operators to use one rule (e.g. higher priority RAT is dropped) and other operators to prefer another rule (e.g. lowest priority RAT is dropped) then this can potentially be configurable by including a new IE (e.g. BOOLEAN to determine whether the 
Option 2:

Addition of a new IE to explicitly indicate the priority of EUTRAN for coverage based measurement – or another way to think of this is that it explicitly indicates which legacy RAT should be dropped. (e.g. EUTRAN_priority: GERAN, UTRAN, none). 
If “none” is selected, then LTE will be measured only if there are no GERAN neighbours, or no UTRAN neighbours with a priority and threshold (e.g. this can occur depending on the dedicated priority information). This may also be provided not only in SIBs but in dedicated priority information. 
This approach in the end achieves the same objective as option 1, however it may have an advantage in that it is simpler to understand and configure. The disadvantage is that it can have more signalling impact than option 1 making it more difficult to implement in earlier networks and devices.
Option 3:

In this case a new IE is added for providing a weight for each RAT, then the weight should be given e.g. as a percentage ratio compared to other RATs. The sum of all RATs should be no more than 100%. The performance requirement is then adjusted according to the weight. The weight may be signalled in terms of ratio or another scale (e.g. 1-10 whereby 1=10% and 10=100%) or some other method of mapping values to ratios/percentages.

The performance requirement will be scaled according to the relative weights. For example 50% corresponds to today’s requirement (whereby the UE has to measure 2 RATs simultaneously). 25% will mean the UE cell search and measurement period requirements are extended by a factor of 2 (and so the UE can spread the measurements, freeing more occasions to be used to measure other Rats) . 

The scaling is performed such that the UE still uses the same number of measurement occasions to perform a measurement, but the total measurement/averaging may be spread over time, or delayed (e.g. in case one RAT is measured first).
This approach has the advantage that it does give the operator full control and flexibility over the performance for measurements of each RAT, however it is complex compared to the other approaches and hence may be difficult to configure and test. 
When comparing the 3 above options: 

Option 1 is the simplest in terms of signalling impact and therefore offers the best chance of being available in early devices and networks (e.g. potentially early implementable), 

Option 2 is the simplest to understand and configure, and is still reasonably straightforward in terms of signalling and enabling early implementation

Option 3 provides a lot of flexibility however it may be difficult to configure and test, making early implementation more risky and less likely.

As such, our preference is with option 1, or potentially option 2 if this is seen as a simpler option to implement and understand. With either option, the NW can specify explicitly, and/or by adjusting the absolute priority information which RATs to prioritise. This leads us to the proposals. 

Proposal 3: UE shall prioritise 2 of the 3 RATs to measure when the serving cell is below Sprioritysearch based on eliminating one of the RATs when there are 3 in total to measure. There is no need to prioritise when there are only 2 RATs to measure (either in neighbour list, or after applying dedicated priorities) and the UE shall measure the 2 RATs. 

Proposal 3a: It should be possible for the network to specify which 2 RATs shall be prioritised. 
It’s our understanding that measurements of equal/low priority RATS is not so critical to solve in early LTE deployments, so we do not have a strong opinion whether this is implementable early. Allowing early implementation may have the benefit that there is less fragmentation of device behaviour, however it may have the drawback that it could delay some implementations due to increasing the UE complexity overall.

Proposal 4: RAN2 to determine whether reselection in CELL_FACH state to low priority LTE layers in Rel-11, using these rules, should be implementable early. 
4
Conclusion
In this paper we propose to adopt an approach whereby it is possible to measure and reselect to any frequency layers and RATs of any priority, depending on the NW configuration, while providing the flexibility for the operator to choose which cases to do this – including being able to do that without compromising the legacy performance, and being able to give LTE the priority even in the coverage based reselection case. 
Proposal 1: UE shall measure all frequency layers and RATs with a priority higher than the serving frequency when the serving cell is above Sprioritysearch. It shall be possible for the NW to enable/disable LTE.

Proposal 2: Reselection in CELL_FACH state to high priority LTE layers in Rel-11, using priority based measurement rules, should be implementable early in order to address the problems demonstrated from Rel-8. 
Proposal 3: UE shall prioritise 2 of the 3 RATs to measure when the serving cell is below Sprioritysearch based on eliminating one of the RATs when there are 3 in total to measure. There is no need to prioritise when there are only 2 RATs to measure (either in neighbour list, or after applying dedicated priorities) and the UE shall measure the 2 RATs. 
Proposal 3a: It should be possible for the network to specify which 2 RATs shall be prioritised. 
Proposal 4: RAN2 to determine whether reselection in CELL_FACH state to low priority LTE layers in Rel-11, using these rules, should be implementable early. 
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