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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: In CELL_FACH, the 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 rule to define 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, however the WID explicitly states that GERAN should be treated with a lower priority (or more accurately that GERAN can be considered if there is sufficient operator interest). Hence, a reasonable baseline assumption would be that in case absolute priority reselection is enabled by the NW for CELL_FACH state, then if there is a RAT which needs to be considered as lower priority, then that would be GERAN. 

It is straightforward to introduce the rule that if there are 3 lower/equal priority RATs to measure, then GERAN will be dropped in order to make room for satisfactory measurement performance to LTE and UTRAN.

Note that GERAN would be measured if either absolute priority reselection is not enabled in CELL_FACH (legacy procedures will be used) or if there are only 2 lower/equal priority RATs to measure (and one of those is GERAN) – in other words it’s still possible to measure on GERAN, by using dedicated priorities (or even just broadcast priorities) to set only 2 RATs are lower or equal priority. There are other potential ways [13] to prioritise between RATs, such as dropping the lowest priority RAT, or by explicitly signalling which RATs to measure in case there are 3 neighbour RATs, however we think that these should only need to be considered if there is sufficient operator interest in GERAN, as stated in the WID.
Proposal 3: In CELL_FACH, when there are 3 RATs in total indicated as neighbours the UE shall measure UTRAN inter-frequency and EUTRAN when the serving cell is below Sprioritysearch, eliminating GERAN. 

Proposal 3a: There is no need to prioritise when there are only 2 RATs indicated (either in neighbour list, or after applying dedicated priorities) and the UE shall measure the 2 RATs (including GERAN if indicated). 

Proposal 3b: In case there is operator interest in being able to configure which 2 RATs shall be prioritised, rather than simply dropping GERAN, then other options to could be considered [13]. 
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 (having said that, it could be considered quite straightforward just to eliminate GERAN in case there are 3 neighbouring RATs so early implementation is most likely with this solution compared to any other solutions).
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
Other Reselection Enhancements
Fast reselection: Pre-loading of system information
If the UE is able to obtain intra-frequency neighbour cells system information prior to a cell reselection occurring then this offers a significant improvement in terms of faster mobility and reduced/eliminated gap in service due to mobility.

It’s possible in many cases that  obtaining system information from intra-frequency cells this can be done prior to entering CELL_FACH state, or during CELL_FACH state in the DRX periods (or any other time the UE is capable of performing the reception). It should be noted that the functionality is already available in earlier releases (for example reading CSG SI in CELL_DCH state parallel to service reception) and so should be straightforward to apply to the cell reselection case. 

In fact, such an improvement would be beneficial in Idle and PCH states also, and would be highly beneficial for avoiding, for example, missed paging due to SI reading after reselection – the UE will nearly always have a common channel configuration rather than having in the order of 1.2 seconds delay in order to obtain the system information of a new cell after reselection and before performing e.g. Cell Update procedure. The reselection (and hence the cell update) could be performed immediately, and E-DCH data transfer interruption can be reduced significantly with only a small enhancement to UE mobility behaviour. This is clearly a useful improvement to mobility performance in general.
Proposal 5: UE should be allowed to read intra-frequency neighbour cell system information before a cell reselection and be prepared to start using common E-DCH and HS-DSCH immediately when cell reselection is triggered.

Triggering E-DCH resource release for reselection
In combination with pre-loading system information, or as a standalone function, it could be desirable in some cases to provide a way to release the common E-DCH resource to allow the UE to reselect, especially if there is still a significant amount of data to transmit and the UE finds another cell to be the best cell after evaluating the cell reselection criteria. This is one way of avoiding uplink interference problems and can also avoid problems with downlink radio conditions.

The reason why reselection while a common E-DCH resource is allocated was disallowed from Rel-8 is due to the long delay caused by performing reselection, and that CELL_FACH E-DCH data transmission was expected to be short - meaning that in most cases it was more efficient to complete the short E-DCH transmission before reselecting. However, if it’s possible to read intra-frequency system information prior to a reselection then this may no longer be the case. Further if the UE is expected to spend more time in CELL_FACH state then the likelihood of running into problems due to prevention of cell reselection is expected to increase especially if the traffic in CELL_FACH is not as originally expected when the rule was introduced.

An example approach could be the UE indicates empty buffer status (TEBS=0) when it needs to perform a reselection, or indicate some information in SI that reselection condition has been met, and NW sends INACTIVE grant to release the resource and allow reselection. There are numerous other similar approaches that could be considered – for example HS-SSCH order or a reserved grant value could alternatively be used to trigger E-DCH resource release in the UE (this could also be re-used for interference avoidance purposes)

Proposal 6: Consider whether the rule that UE shall not reselect during the time a common E-DCH resource is allocated is still appropriate and whether the UE should be able to do reselection automatically of if some level of NW control should be maintained.
5
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: In CELL_FACH, the 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: In CELL_FACH, when there are 3 RATs in total indicated as neighbours the UE shall measure UTRAN inter-frequency and EUTRAN when the serving cell is below Sprioritysearch, eliminating GERAN. 

Proposal 3a: There is no need to prioritise when there are only 2 RATs indicated (either in neighbour list, or after applying dedicated priorities) and the UE shall measure the 2 RATs (including GERAN if indicated). 

Proposal 3b: In case there is operator interest in being able to configure which 2 RATs shall be prioritised, rather than simply dropping GERAN, then other options to could be considered [13]. 
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. 
Further we also propose to consider whether some further enhancements for reselection can be done:

Proposal 5: UE should be allowed to read intra-frequency neighbour cell system information before a cell reselection and be prepared to start using common E-DCH and HS-DSCH immediately when cell reselection is triggered.

Proposal 6: Consider whether the rule that UE shall not reselect during the time a common E-DCH resource is allocated is still appropriate and whether the UE should be able to do reselection automatically of if some level of NW control should be maintained.
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