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Introduction 

TS25.331 defines a schedule for each UE in Cell-FACH state to use when making inter-frequency or inter- RAT measurements.  This inter-frequency measurement schedule is used by UTRAN to insure that the UE will not receive directed messages on FACH during the scheduled measurement occasions.  This is a coordinated means to permit the UE to interrupt FACH reception to make inter-frequency measurements without losing signalling messages.

These inter-frequency measurements are crucial to cell reselection.  In RAN4, the cell reselection performance specifications are based on the availability of FACH measurement occasion.  Moreover, the RAN4 calculations of cell reselection performance is based on the assumption that every FACH measurement occasion specified by RRC may be used for inter-frequency measurements.  However if the UE accesses the UL to transmit on RACH or CPCH, the UL access may occur during a scheduled FACH measurement so that the measurement occasion will not be available to use for inter-frequency measurements.  If the UE uplink buffers contain much data and if UTRAN delays assignment of DCH to UE, the UE will continuously access the RACH or CPCH to transmit UL traffic.  Under these conditions, none of the scheduled FACH measurement occasions will be available for inter-frequency measurements.

TS25.331 does not currently specify how the UE shall behave when an UL access conflicts with the FACH measurement occasion.  If the UE gives priority to UL transmissions, the inter-frequency measurements needed to support cell reselection will be interrupted.  This will have an unspecified impact on cell reselection performance.  If the UE gives priority to inter-frequency measurements, all UL transmissions will be blocked if the FACH measurement occasion schedule is set for every other TTI.  Rather than leaving the UE behaviour undefined, it is proposed to define a new RRC parameter which would limit the UL access duty cycle to provide predictable worst case cell reselection performance.

Discussion

In TS25.331 the inter-frequency measurement schedule is defined in section 8.5.11:

8.5.11
FACH measurement occasion calculation

When in CELL_FACH state and when the variable C_RNTI is non-empty the UE in FDD mode shall perform inter-frequency and inter system measurements during the frame(s) with the SFN value fulfilling the following equation:


SFN div N = C_RNTI mod M_REP + n * M_REP

where

-
N is the TTI (in number of 10ms frames) of the FACH having the largest TTI on the SCCPCH monitored by UE

-
C_RNTI is the C-RNTI value of the UE stored in the variable C_RNTI

-
M_REP is the Measurement Occasion cycle length. According to the equation above, a FACH Measurement Occasion of N frames will be repeated every N * M_REP frame, and M_REP = 2k.

where,

-
k is the FACH Measurement occasion cycle length coefficient.
The value of the FACH Measurement occasion cycle length coefficient is read in system information in "System Information Block type 11" or "System Information Block type 12" in the IE "FACH measurement occasion info".
-
n = 0,1,2… as long as SFN is below its maximum value
The UE is allowed to measure on other occasions in case the UE moves "out of service" area or in case it can simultaneously perform the ordered measurements.

Since k ranges from 1 to 12, the measurement occasion schedule may range from every other TTI (k=1) to one TTI every 4096 TTIs (k=12).

Possible solutions:

A. In order to clearly specify UE behaviour when UL activity conflicts with FACH measurement occasions, four possibilities exist:

B. UE gives priority to FACH measurement occasions, no parameter needed.

C. UE gives priority to FACH measurement occasions with parameter to define exceptions when UL activity would be given priority.

D. UE gives priority to UL activity, no parameter needed.

E. UE gives priority to UL activity with parameter to define when inter-frequency measurements may take priority.

A and C both have distinct disadvantages as noted in the introduction.  In case A, all UL transmissions will be blocked if k=1, since all UL accesses (both RACH and CPCH) require more than a single TTI.  In case C, all measurements will be blocked while UL activity continues to empty all UL buffers.  For these reasons neither solution A nor C is considered sufficient for all conditions.

Case B provides a possible way to resolve the conflict, but it requires tight coordination between the inter-frequency measurement function and MAC.  It is not clear if there is a straightforward way to specify the conditions under which UL activity would be permitted.  Furthermore, these conditions would need to be indicated from the measurement function to MAC on a TTI by TTI basis.  This would complicate the UE internal design.

Case D seems to be the most reasonable choice.  By defining a new RRC parameter to limit UL duty cycle, MAC alone may decide when UL activity is permitted, without close coordination with the inter-frequency measurement function.  Therefore solution D is proposed here.

A new RRC parameter Max UL Duty Cycle is proposed to limit UL activity in order to permit inter-frequency measurements to support cell reselection.  The Max UL Duty Cycle parameter is defined as the maximum number of TTIs used for UL activity in any 1000 TTI period.  Uplink activity includes RACH access (ramping), RACH message transmission, CPCH access (ramping and CD phase), and CPCH message transmission.  

With this new parameter, UL transmissions will be guaranteed within the duty cycle limits.  Also FACH measurement occasions will always be guaranteed during the period when UL activity is not allowed.  For example if the FACH measurement occasion schedule is set to 1 TTI out of every 4 TTIs (25%) and the Max UL Duty Cycle is set to 10%, there will be a minimum of .25 x (1-.10) x 1000 TTIs = 225 TTIs in each 1000 TTIs which will always be a available for inter-frequency measurements.

The new Max UL Duty Cycle parameter will have a default value of 100%, which does not limit UL activity. The default value will be used for UEs or for cells which do not require inter-frequency or inter-RAT measurements for cell reselection.  In UEs or cells which require inter-frequency or inter-RAT measurements, the operator will select a FACH measurement occaision schedule and Max UL Duty Cycle to provide an adequate number of measurements for cell reselection.  

Note that if no UL Duty Cycle is signalled in cases where inter-frequency measurements are needed for cell reselection, and under certain limited conditions, cell reselection will be delayed and cell reselection performance as specified in RAN4 may not be achieved.  This is similar to the current situation in which the UE behaviour is not clearly specified so that cell reselection performance is not guaranteed.

An alternate solution using compressed mode in Cell-FACH state for CPCH was considered but was not viewed as feasible as an expedient correction for Release 99 and Release 4. The compressed mode solution is more complex than the solution proposed here and involves changes to specifications in RAN1, RAN2 and possibly RAN4.  Furthermore it is not clear that compressed mode could apply to RACH access and so an additional solution for RACH would be also needed.  In any case, if RAN2 feels there would be benefits in developing compressed mode for CPCH in Cell-FACH state, a new WI for this purpose could be requested at a future RAN meeting.  

Proposal

1. TS25.331 and TS25.321 should be modified to clearly indicate:

2. UL activity takes priority over inter-frequency and inter-RAT measurements scheduled in FACH measurement occasions in Cell-FACH state.

3. UL activity is limited by a new Max UL Duty Cycle parameter to be signalled to all or only certain UEs.

CRs will be provided at RAN2#23 meeting.
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