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1
Introduction
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 revisit this decision, and discuss whether the assumptions which led to this can still be made, and we provide some solution for how this missing mobility functionlity can be achieved with mimimum impact to the system, and without impacting existing performance requirements.

2
CELL_FACH state as a temporary state
It’s our understanding that the assumptions above may no longer be true. In case networks begin to use enhanced CELL_FACH state, especially in conjunction with enhanced uplink in CELL_FACH, it may be desirable to keep UEs in connected mode, in CELL_FACH state, for much longer periods of time. 

Some types of dual mode UMTS/LTE devices, especially PS oriented devices, may spend a lot of time in connected mode, and in fact anyway spend far longer in CELL_DCH and CELL_FACH states (even with R99 FACH state). Even when the UE does move to Idle or PCH states due to periods of data inactivity, there is no guarantee that the application layer will not trigger a new connection/new data transfer very shortly afterwards, therefore the UE may not stay in an Idle/PCH state for long enough to perform the reselection. If such devices or LTE networks do not support PS handover, then mobility from UMTS to LTE is very limited 
For example redirection RRC connection reject must be used – which would cause the connection to be released and a re-establishment is needed at NAS level. However, in this case the UE needs to be in CELL_DCH state in order to provide the necessary measurement results to indicate when UE has moved into an LTE hotspot – if UE is in CELL_FACH state, then the UE may not be able to move to LTE at all. 

From a modem/chipset point of view, it’s not possible to predict what type of data activity will be generated by the application layer, since it’s possible that there could be various internet enabled applications running simultaneously (e.g. email, chat, various widgets, etc) and each application may be running independently, requesting data transfer at different times. In addition, due to varying operator and NW vendor policy, the data inactivity timers for moving between RRC states may vary in different networks and in fact the RRC states used in different networks may also vary (for example some networks may prefer to keep UEs in CELL_FACH for longer, and other networks may prefer to keep the UE in CELL_PCH or Idle for longer) – due to this, even if the UE performance in Idle and PCH states is improved this is still no guarantee that the inter-RAT modem performance will be optimal under all circumstances. With this in mind, we believe that it would be beneficial in any case to allow the network and UE to configure and use measurements and reselection to EUTRA also in CELL_FACH state.
Observation 1: CELL_FACH state is becoming more widely used and isn’t only a temporary state, mobility to LTE is severely limited because of the missing reselection in CELL_FACH functionality.
3
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. With the introduction of EUTRAN the effectiveness may become even worse if the current solution is 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

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:

	T_meas (ms)
	N_TTI=1 frame

Tidentify,GSM(ms)
	N_TTI=2 frames

Tidentify,GSM(ms)
	N_TTI=4 frames

Tidentify,GSM(ms)
	N_TTI=8 frames

Tidentify,GSM(ms)

	80
	2880 
	1280
	
	-

	160
	7680 
	2880
	1280
	640

	240
	29760
	5280 
	
	-

	320
	14080
	6400
	2560
	1280

	480
	34560
	12480
	2880
	1920

	640
	34560
	12800 
	5120
	2560

	960
	*
	24960
	5760
	3840

	1280
	*
	20480
	10240
	5120

	1920
	*
	34560
	15360
	7680

	NOTE *:
There are no performance requirements for these combinations of parameters because they result in long identification time.


And BSIC Refresh time of 6.4 seconds:

	T_meas (ms)
	N_TTI=1 frame

Tre-confirm,GSM (ms)
	N_TTI=2 frames

Tre-confirm,GSM (ms)
	N_TTI=4 frames

Tre-confirm,GSM (ms)
	N_TTI=8 frames

Tre-confirm,GSM (ms)

	80
	2880
	1600
	-
	-

	160
	6400
	3200
	2240
	1600

	240
	17280
	4800
	-
	-

	320
	14080
	6400
	4480
	3200

	480
	22080
	9600
	6720
	4800

	640
	26880
	12800
	10240
	6400

	960
	*
	17280
	13440
	9600

	1280
	*
	33280
	17920
	12800

	1920
	*
	*
	26880
	19200

	* Note:
There are no performance requirements for these combinations of parameters because they result in long reconfirmation time.


3
Extending current performance to include EUTRAN
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. 
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%
This also results in a GERAN measurement every 240ms, which results in a BSIC verification time of 29 seconds for BSIC verification:

	T_meas (ms)
	N_TTI=1 frame

Tidentify,GSM(ms)
	N_TTI=2 frames

Tidentify,GSM(ms)
	N_TTI=4 frames

Tidentify,GSM(ms)
	N_TTI=8 frames

Tidentify,GSM(ms)

	80
	2880 
	1280
	
	-

	160
	7680 
	2880
	1280
	640

	240
	29760
	5280 
	
	-

	320
	14080
	6400
	2560
	1280

	480
	34560
	12480
	2880
	1920

	640
	34560
	12800 
	5120
	2560

	960
	*
	24960
	5760
	3840

	1280
	*
	20480
	10240
	5120

	1920
	*
	34560
	15360
	7680

	NOTE *:
There are no performance requirements for these combinations of parameters because they result in long identification time.


and a BSIC refresh time of 17 seconds:

	T_meas (ms)
	N_TTI=1 frame

Tre-confirm,GSM (ms)
	N_TTI=2 frames

Tre-confirm,GSM (ms)
	N_TTI=4 frames

Tre-confirm,GSM (ms)
	N_TTI=8 frames

Tre-confirm,GSM (ms)

	80
	2880
	1600
	-
	-

	160
	6400
	3200
	2240
	1600

	240
	17280
	4800
	-
	-

	320
	14080
	6400
	4480
	3200

	480
	22080
	9600
	6720
	4800

	640
	26880
	12800
	10240
	6400

	960
	*
	17280
	13440
	9600

	1280
	*
	33280
	17920
	12800

	1920
	*
	*
	26880
	19200

	* Note:
There are no performance requirements for these combinations of parameters because they result in long reconfirmation time.


Observation 2: 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
4
Introducing CELL_FACH to EUTRAN reselection without impact to existing performance
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]:


[image: image3]
This means that the rigid rules for measurement occasions are no longer required when trying to measure cells from a higher priorty 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.


[image: image4]
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. 

In any of the 3 areas of signal strength illustrated above, as long as performance requirements are still met for inter-freq and GERAN measurements, the UE may choose to also measure LTE cells (on high or low priority layers)
As an example the R99 gap pattern might be as follows:


[image: image5.emf]FDD GERAN FDD GERAN FDD GERAN FDD


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:


[image: image6.emf]HP HP HP HP HP HP HP


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 to note, 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. It’s worthAs long as the existing performance requirements are still met for inter-freq and GERAN cells, then the UE should be allowed to perform measurements also on LTE cells if possible (and so may reselect to lower or higher priority LTE cells if measured). 

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 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.
Based on the above analysis, we make the following proposals

Proposal 1: When serving cell level is above Sprioritysearch, the UE shall measure high priority cells including EUTRAN cells while in CELL_FACH state.

Proposal 2: When serving cell level is below Sprioritysearch, the UE may measure high priority cells including EUTRAN cells while in CELL_FACH state only if possible while still meeting existing performance requirements for UTRAN and GERAN cells.

Proposal 3: Introduce in Rel-10 specification, and allow early UE implementation from Rel-8. 

5

Conclusion
In this paper we have discussed why the decision not to enable reselection from UTRAN CELL_FACH state to EUTRAN in Rel-8 may not have been necessary, and if fact imposes severe limitations to the mobility from UMTS to LTE. We introduce a method whereby the UE can perform measurements and reselection to EUTRAN in CELL_FACH state based upon the priority of the EUTRAN layer.
Observation 1: CELL_FACH state is becoming more widely used and isn’t only a temporary state, mobility to LTE is severely limited because of the missing reselection in CELL_FACH functionality.
Observation 2: 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
Proposal 1: When serving cell level is above Sprioritysearch, the UE shall measure high priority cells including EUTRAN cells while in CELL_FACH state.

Proposal 2: When serving cell level is below Sprioritysearch, the UE may measure high priority cells including EUTRAN cells while in CELL_FACH state only if possible while still meeting existing performance requirements for UTRAN and GERAN cells.

Proposal 3: Introduce in Rel-10 specification, and allow early UE implementation from Rel-8. 
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5.2.6.1.2a  Measurement rules for inter-frequency and inter-RAT cell reselection when absolute priorities are used





The measurement rules below apply in Idle, URA_PCH, CELL_PCH states. In CELL_FACH state the UE is required to perform measurements of inter-frequency and inter-RAT cells listed in system information according to requirements specified in [10]. UE specific priorities are not applied in camped on any cell state.


If the UE has received absolute priority information for inter-frequency layers, the UE shall follow these rules:


-	The UE shall perform measurements of inter-frequency layers with a priority higher than the priority of the current serving layer.


NOTE:	The rate of these measurements may vary depending on whether Srxlev and Squal of the serving cell are above or below Sprioritysearch1 and Sprioritysearch2. This is specified in [10].


-	When the UE in camped normally state, has only dedicated priorities other than for the current frequency, the UE shall consider the current frequency to be the lowest priority frequency (i.e. lower than the eight network configured values).


-	For inter-frequency layers with a priority equal or lower than the priority of the current serving layer:


-	If SrxlevServingCell > Sprioritysearch1 and SqualServingCell > Sprioritysearch2 the UE may choose not to perform measurements of inter-frequency layers of equal or lower priority.


-	If SrxlevServingCell <= Sprioritysearch1 or SqualServingCell <= Sprioritysearch2 the UE shall perform measurements of inter-frequency layers of equal or lower priority.


-	The UE shall not perform measurements of inter-frequency layers for which the UE has no absolute priority.


If the UE has received absolute priority information for inter-RAT layers, the UE shall follow these rules:


-	The UE shall perform measurements of inter-RAT layers with a priority higher than the priority of the current serving cell.


NOTE:	The rate of these measurements may vary depending on whether Srxlev and Squal of the serving cell are above or below Sprioritysearch1 and Sprioritysearch2. This is specified in [10].


-	For inter-RAT layers with a priority lower than the priority of the current serving cell:


-	If SrxlevServingCell > Sprioritysearch1 and SqualServingCell > Sprioritysearch2 the UE may choose not to perform measurements of inter-RAT layers of lower priority.


-	If SrxlevServingCell <= Sprioritysearch1 or SqualServingCell <= Sprioritysearch2 the UE shall perform measurements of inter-RAT layers of lower priority.


-	The UE shall perform measurements according to subclause 5.2.6.1.1 for inter-RAT layers for which the UE has no absolute priority. For all inter-RAT layers belonging to one RAT, either the rules above or the rules in subclause 5.2.6.1.1 or 5.2.6.1.2 shall apply.
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