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1          Introduction

The Further Enhancements to CELL_FACH Work Item description was updated at RANP#52 in [4] to include:

· Mobility improvements:

· Measurements and reselection from CELL_FACH to LTE. 
This document evaluates the proposal in [2] and further evaluates some alternatives in order for a UE to detect a broader set of candidate EUTRA cells for reselection. 
2         Discussion
2.1 EUTRA measurements performed when serving cell strength > Sprioritysearch 
According to [2] the Network allocated FACH measurement occasions could be used for measuring EUTRA cells. It has also been further suggested in [2] that
Measurement occasions can be used to measure high priority E-UTRAN, i.e. 

· serving cell strength > Sprioritysearch  ( Measure E-UTRAN

· serving cell strength ( Sprioritysearch  ( do not measure E-UTRAN
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Whilst the scheme outlined in [2] would enable reselection to “hot-spot” LTE cells, it may not be possible for reselection to non “hot-spot” LTE cells, as shown in the above diagram.
It is worth reiterating the measurement rules from [5] which the UE applies in PCH and Idle if priorities are assigned for the iRAT layers:

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 [TS 25.133].

- 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.

So allowing a scheme such as that specified in [2] would mean different reselection algorithms in CELL_FACH and PCH/Idle, which further could lead to different sets of EUTRA candidate cells for reselection. So we view that there are 2 alternatives:
Alternative A: The scheme for introducing CELL_FACH reselection to LTE only needs to consider hot-spot LTE cells.

Alternative B: The scheme for introducing CELL_FACH reselection to LTE needs to consider all LTE cells.
2.1 Alternative B schemes 

The following alternative schemes below in our view offer a closer reselection candidate selection of EUTRA cells, as that which would be achieved currently in PCH/Idle state (i.e. not just the ‘hotspot’ LTE cells).
2.1.1 UEs able to simultaneously measure EUTRA cells
In [1] section 8.6.7.12 the behaviour for measuring in CELL_FACH state captured that “If a UE is able to perform some or all of the indicated measurements in this IE simultaneously with receiving the SCCPCH of serving cell then a UE may perform measurements also on other occasions or perform the measurements simultaneously as receiving the SCCPCH of serving cell.”

Observation 1: Dependant on UE capability a UE may also be able to simultaneously perform measurement on EUTRA whilst receiving SCCPCH of the serving cell in CELL_FACH state.
2.1.2 Utilising the Existing FACH measurement occasion for EUTRA measurements
Other schemes need to be considered for UEs not having the capability of performing measurements on other cocasions and receiving the SCCPCH simultaneously. 
Current measurements occasions specified in [3], where the measurement time Tmeas is defined as:
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According to [1]
M_REP is the Measurement Occasion cycle length. Occasion of 10ms-frame will be repeated every M_REP frame, and M_REP = 2k.

where,

- k is the FACH Measurement occasion cycle length coefficient (contained in system information in

"System Information Block type 11" or "System Information Block type 12" in the IE "FACH measurement occasion info"

In [3] it is specified that UE shall be able to identify a new detectable cell belonging to the monitored set within
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where


Tbasic_identify_FDD,inter = 300ms. 


NFreq,FDD: Number of FDD frequencies in the Inter-frequency cell info list


TMeas and M_REP.


TInter FACH = (NTTI*10 - 2*0.5) ms

Example 1a: Tidentify, inter when HS-DSCH discontinuous reception is not ongoing

Using the example values given in [2] M_REP = 8 (k=3),  NTTI=1 therefore Tmeas=160ms. And using NFreq,FDD=2
Tidentify, inter = ceiling(300/(1*10 – 3 * 0.5)) * 160 * 2 = 10.880s
Example 1b: Tidentify, inter when HS-DSCH discontinuous reception is not ongoing and LTE measurements are introduced
If the Tmeas equation is extended to include EUTRA, as shown in [2]  
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Tmeas becomes 240ms, and therefore Tidentify, inter becomes 16.320s

For UE’s using FACH DRX

In [3] it is specified that UE shall be able to identify a new detectable cell belonging to the monitored set, when HS-DSCH discontinuous reception is ongoing, within
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Tbasic_identify_FDD,inter is 300ms. 


NFreq,FDD: Number of FDD frequencies in the Inter-frequency cell info list


TInter FACH,DRX = Min(HS-DSCH DRX cycleFACH - HS-DSCH Rx burstFACH, HS-DSCH Rx burstFACH)- 2*0.5ms [ms]


HS-DSCH Rx burstFACH is the duration of the on part of the DRX cycle (frames)


HS-DSCH DRX cycleFACH is the duration of the total DRX cycle (frames)

Tscale = NFDD+ NTDD + NGSM 

Example 2a: Tidentify, inter when HS-DSCH discontinuous reception is ongoing

Using example values of HS-DSCH DRX cycleFACH=16, HS-DSCH Rx burstFACH=4, 
Gives a Tidentify, inter of 1.792s
Example 2b: Tidentify, inter when HS-DSCH discontinuous reception is ongoing and LTE measurements are introduced
Expanding this for LTE measurements, leads to updated Tscale = NFDD+ NTDD + NGSM + NEUTRA  with the new value of Tscale, Tidentify, inter becomes 2.688s
Observation 2: For CELL_FACH reselection to LTE, the time to Identify cells increases if measurement cycle remains the same.
In order to keep the existing performance, the following options are envisaged: 
2.1.2.1 Prioritise FACH Measurement Occasion

Currently in SIB11/12 in the IE “FACH measurement occasion info”, a Network can signal to the UE that Inter-frequency measurement and/or GSM measurements are required.

So that the EUTRA cells can also be measured, it can be envisaged that in order not to impact legacy performance an Operator can choose between RATs.  This may be achieved either by broadcasting the Network/Operator preference or by dedicated signalling (i.e overwriting the broadcast selection).

Alternative B1: For CELL_FACH reselection to LTE, Prioritise the FACH measurement occasion per RAT 
2.1.2.2 Increase number of FACH Measurement Occasion

It can be envisaged that in order not to impact legacy performance for Tidentify, inter  more measurement occasions could be assigned by reducing Tmeas (therefore k). 
For instance reducing k to 2, Tmeas becomes 120ms and Tidentify, inter becomes 8.160s (when HS-DSCH discontinuous reception is not ongoing and LTE measurements are included). 
Alternative B2: For CELL_FACH reselection to LTE, more measurement occasions could be assigned in order to meet the existing performance for identification of new cell.
Allowing more FACH measurement occasions has the effect of needing to schedule the UE for more gaps for all FACH measurements, therefore some reduction in throughput would be expected in legacy UEs
2.1.3 Defining new FACH measurement occasion info

Currently in SIB11/12 in the IE “FACH measurement occasion info”, a Network can signal to the UE the measurements required and the IE “FACH Measurement occasion cycle length coefficient” (k). The measurement occasion applies to the whole of the current cell, new performance requirements could be defined allowing a second set of measurement occasion to be used. 
The second FACH measurement occasion would only be used by UE supporting it and therefore not affecting any legacy UEs behaviour. The second FACH measurement occasion information could be used by UE once it meets a particular criteria.
Alternative B3: Further FACH measurement occasions are provided to the UE to use under certain circumstances.

3
Conclusion
We have aimed to show that in order to allow the same reselection set of candidate LTE cells (as for PCH/Idle) it maybe necessary to determine which alternatives are acceptable trade-offs to the reselection performance of the legacy frequency layers/RATs when introducing LTE reselection.
As a reminder the alternatives discussed with regards to reselection to LTE:

Alternative A: The scheme for introducing CELL_FACH reselection to LTE only needs to consider hot-spot LTE cells.

Alternative B: The scheme for introducing CELL_FACH reselection to LTE needs to consider all LTE cells.
Alternative schemes were also discussed in-line with Alternative B when considering the impact to legacy frequency layers/RATs performance.
Alternative B1: For CELL_FACH reselection to LTE, Prioritise the FACH measurement occasion per RAT 
Alternative B2: For CELL_FACH reselection to LTE, more measurement occasions could be assigned in order to meet the existing performance for identification of new cell.

Alternative B3: Further FACH measurement occasions are provided to the UE to use under certain circumstances.
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