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1 Overview
Frequent, periodic cell reselection within a Global System for Mobile Communication (GSM) environment has a pronounced negative impact on applications that are especially sensitive to momentary interruptions of downlink data flow, or jitter.  This is primarily due to the manner in which user mobility for GPRS is managed.
This paper introduces a network controlled/assisted cell reselection mode (NCAR) that i) permits the network to set and adjust thresholds that control when and how the mobile reselects a cell, ii) enables the mobile to predict the likelihood of cell reselection and iii) enables the mobile to notify the network when a reselection is highly likely during the course of a packet data transmission, which in turn enables the network to optionally take appropriate action in the assignment of a new cell on which to continue packet data interchange.  
1.1 GPRS user mobility: historical implications
When the General Packet Radio Service (GPRS) was originally conceived, it was considered critical to maintain simplicity in the area of user mobility.  In order to achieve this objective, a real-time packet handover was not defined for GPRS.  Instead, the basic mechanism for cell reselection that is used in idle mode was re-used within the context of GPRS data transfer.  Specifically, during a packet data transfer, a mobile terminal may reselect autonomously based solely on downlink RF characteristics.  This causes the mobile user equipment (UE) to i) abort its packet transfer on one cell and ii) completely re-establish the ongoing transfer on the new cell, as illustrated in Figure 1.  
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Figure 1: basic GPRS mobility is managed by simple cell reselection


This simple mechanism is fairly effective if i) the user data traffic model naturally hides the impact of the interruption of data from the user’s perspective, ii) the new cell to which the UE reselects indeed supports GPRS/EDGE data services and iii) the target cell has sufficient capacity to support an additional packet data transmission.  What frequently occurs in actual system operation is that the mobile aborts operation on the old cell, reselects to a new cell and attempts to set up a packet data transfer, which fails because the new cell does not have sufficient capacity to support another mobile.  The mobile must now wait and try to set up the transfer again.  In the mean time however, the mobile may reselect to another cell, which may accommodate its request for a packet data transfer.

2 GPRS mobility issues
2.2 Issue #1: Unnecessary reselection in packet transfer mode

This issue refers to the fact that in an actual highly variant operational environment, e.g. in an urban area, mobile terminals reselect cells constantly based on the signal strength of an adjacent cell being greater than the currently-selected cell by some offset value for greater than a certain amount of time.  For mobiles in idle mode, this is desirable as it dynamically maintains the mobile in areas of acceptable coverage during user mobility in idle mode.
In packet transfer mode, however, this type of behaviour is unnecessary much of the time and highly disruptive to user data flow and throughput.  This is because it is common for a mobile terminal to periodically reselect between the same 3 or 4 cells over and over in an urban area, not because the serving cell is inadequate in terms of C/I conditions, but simply because an adjacent cell meets the reselection criteria.
2.3 Issue #2: Reselection into cell having no GPRS capacity and/or the crossing of Routing Area Boundaries
This issue refers to the effects of autonomous reselection while in packet data transfer mode by a mobile terminal into a cell i) that does not have the capacity instantaneously to support another GPRS packet data transfer or ii) resides in another Routing Area.  The first case is illustrated in the following diagram, in which the target cell has no capacity available to allocate another Temporary Block Flow (TBF):
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In the second case, a mobile terminal autonomously reselecting into another Routing Area requires that the mobile first perform a routing area update procedure before the packet data transfer may continue, further impacting the flow of data between mobile and network.

3 Introduction of Network Assisted/Controlled Reselection
For mobiles which support the capability of predicting when cell reselections may be performed, by using the Reselection Predictor (RP) defined in Appendix A, the following describes the method for networks to i) provide support to such mobiles and ii) the way in which the functionality provided by such mobiles can be used:

a) Whenever a mobile attaches to a network, that indicates support of the Network Controlled/Assisted Reselection Mode (NCAR), the mobile will itself communicate to the network its ability to support NCAR. This indication from the mobile can be made i) on the first attach to a PLMN, or ii) during each RAU, or iii) at the start of each data session (i.e. on establishment of a PDP context).  If the indication from the mobile is provided at RAU then it will be provided each time the mobile performs an RAU.  If the indication from the mobile is provided at the start of a data session then the mobile will provide the indication each time a PDP context is established and also each time an existing PDP Context is re-established.  The network will maintain the information for the duration of the mobiles connection to the network.

b) Following indication from a mobile that it supports NCAR the network sends a hysteresis parameter to the mobile, effectively shutting off the use of C32 for reselection (i.e. the reselection that occurs when a neighbour cell is stronger than the serving cell for a certain period of time (usually 5 secs)).  The purpose of effectively disabling the use of C32 is to confine any cell reselection to strictly RF conditions on the serving cell, which may be predicted by the predictor defined in Appendix A.  This is appropriate in the case of a packet data transfer, because the C32 reselection is used to "anticipate" a newer and better cell for the mobile on which to carry potential paging and call setup messages , which is opposite of what is needed in packet transfer mode.

c) In the case that the PBCCH is present in the serving cell then the mobile will use the predictor for determining the time a cell change is due to occur.

d) In the case that the PBCCH is not present in the serving cell then the network may provide to the mobile a threshold for C1 which is different to 0dB (currently defined in [7]).  If the network provides such a threshold then the mobile will use the predictor for determining the time of a cell change otherwise the mobile will use a default 5 second warning if PBCCH is not present.

e) A mobile supporting NCAR uses the Reselection Predictor (RP) to process received raw signal measurements (RSSI) from the measurement acquisition module which enables it to predict when a cell reselection is most likely to be performed.  Based on the outcome of the RP processing the mobile sends information to the serving network to inform it that there is an upcoming cell reselection.  In particular a "reselection imminent bit" is defined in the measurement report to the network which can be used by the mobile when the RP predicts an upcoming reselection.

f) In addition to providing basic information that a cell reselection is imminent the mobile may also provide to the network an indication of the cell to which it expects to reselect.

f) Once the network has received the indication from the mobile that a cell reselection is imminent the network may choose to take several different actions as follows:

i) If the network sees no benefit is commanding the mobile to a particular cell, e.g. if all cells in the mobile’s BA list are equally likely to be able to provide the mobile with service or if it does not have sufficient knowledge of the cell that is to be reselected, then the network may choose to allow the mobile to carry out the cell reselection autonomously.  This means that there is provision for reduction in the signalling load which means that the network can more efficiently deal with other mobiles that are in the process of cell reselection.

ii) If the network is aware of capacity problems in one or more of the cells that are reselection candidates it may choose to direct the mobile to a particular cell.  This will be done by the network sending the mobile the Cell Index of the cell to which it commands the mobile terminal to reselect.

iii) If the network is aware that the mobile is in a RA border area and that one or more of the cells that may be reselected are in a different RA to the one currently serving the mobile it may choose to direct the mobile to a particular cell within the current RA.  This will be done by the network sending the mobile the Cell Index of the cell it wants the mobile to reselect to.  This provides a means to reduce the amount of signalling load within a network and reduces the number of breaks in data transmission.  In particular it means that the number of SGSN re-allocations can be reduced.

iv) If the network is aware that the mobile is potentially moving out of coverage of the data service, e.g. one or more of the cells that may be reselected do not provide GPRS, it may provide a means to terminate the data service in a graceful way in the case that it is not able to direct the mobile to reselect a cell which can provide continued data service.

4 Summary
We have introduced a network controlled/assisted cell reselection mode (NCAR) that i) permits the network to set and adjust thresholds that control when and how the mobile reselects a cell, ii) enables the mobile to predict the likelihood of cell reselection and iii) enables the mobile to notify the network when a reselection is highly likely during the course of a packet data transmission, which in turn enables the network to optionally take appropriate action in the assignment of a new cell on which to continue packet data interchange.  
We have also presented the possibility for the mobile terminal to predict the occurrences of the criteria for autonomous cell reselection, as evidenced by Appendix A, and we further acknowledge the fact that this method is only one of many that may be used.  We therefore we expect manufacturers to explore other possibilities and do not feel that any particular method be standardised. 
Compared to the implementation of a full packet domain handover, the complexity of this solution is extremely low, and may represent a rapidly deployable feature for the mitigation of the effects of cell reselection on applications that are highly sensitive to inter-data jitter such as downlink streaming applications.  We welcome further comments from operators and other manufacturers on this matter.

5.0 References

[1], GSM-02.60, "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Service Description; Stage 1", (European Telecommunications Standards Insti​tute, (ETSI) Global System for Mobile Communications (GSM) specifications).

[2], GSM-03.60, "Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Service Description; Stage 2", (European Telecommunications Standards Insti​tute, (ETSI) Global System for Mobile Communications (GSM) specifications).

[3], 3GPP 22.060, "3rd Generation Partnership Project; Technical Specification Group Services and Systems Aspects: General Packet Radio Services (GPRS); Service Description; Stage 1 ”, (3rd Generation Partnership Project (3GPP); Technical Specification (TS)).

[4], “3rd Generation Partnership Project; Technical Specification Group GERAN; Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Overall description of the GPRS radio interface; Stage 2”, “(3GPP Technical Specification (TS) 43.064).

[5], “3rd Generation Partnership Project; Technical Specification Group GERAN; Functions related to Mobile Station (MS) in idle mode and group receive mode”, (3GPP Technical Specification, TS 03.22 V6.3.0 (2001-04)).

[6], GSM-05.01, "Digital cellular telecommunications system (Phase 2+); Physical Layer on the Radio Path; General Description", (European Telecommunications Standards Insti​tute, (ETSI) Global System for Mobile Communications (GSM) specifications).
[7], “3rd Generation Partnership Project; Technical Specification Group GSM/EDGE Radio Access Network; Digital cellular telecommunications system (Phase 2+); Radio subsystem link control”, (3GPP Technical Specification, TS 05.08 V8.10.0 (2001-06)).

Appendix A

Described here is i) an architecture enabling the mobile to predict the likelihood of cell reselection and ii) an algorithm to perform the actual prediction procedure.  .

A.1 Architecture

The logical locus of the predictor component would be within the Radio Resource (RR) management layer of both mobile and network.  Relevant to the predictor component are aspects of the existing requirements and specifications for cell reselection and the generation of measurements pertaining to cell reselection, as follows:

It is specified in [5 and 6] the manner and rules for the mobile to follow in order to reselect a cell in idle mode, and also packet transfer mode, operation.  These rules are implemented in the RR layer, along with support in Layer 1, and may be referred to as the Cell Change Controller, (CCC).

It is specified in [7], clause 10.1.4.1, the manner in which the mobile shall perform measurements for the purpose of managing network controlled cell reselection.  Additionally, [5] clause 6.2 specifies how the mobile shall perform measurements for normal cell reselection.  This set of logic that performs the measurements may be referred to as a Measurement Acquisition Unit, (MAU) and the set of logic that reports the measurements from the mobile to the network may be referred to as the Measurement Reporting Controller, (MRC).

The predictor comprises both the aforementioned existing components, plus an additional component resident in RR, which may be referred to as the Reselection Predictor, (RP) module.  This new component receives its input primarily from the CCC module and sends its output primarily to the MRC.  Its purpose is to i) analyse pre-processed measurements sent to the CCC from the MAU and ii) notify the network via the MRC.
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A.2 Algorithm for cell change prediction

A.2.1 GPRS cell reselection basics

The mobile station, in GPRS Standby and Ready states, may perform cell reselection autonomously.  This process involves monitoring adjacent cells to determine an appropriate choice of new cell based solely on RF parameters.  The cells to be monitored for cell reselection are defined in the Broadcast Allocation (BA) list, which is broadcast on PBCCH or on the BCCH if PBCCH does not exist.

 In packet transfer mode, the mobile station continuously monitors carrier of the serving cell and all BCCH carriers as indicated by the BA list (neighbour cells).  In every TDMA frame a received signal strength indication (RSSI) measurement sample is taken on at least one of the BCCH carriers, one after another.

The reselection decision process involves the received signal level average (noted as RLA_P in the specification), and is calculated as a running average of samples collected over a period of 5 seconds which is maintained for each BCCH carrier.  The samples allocated to each carrier are distributed as uniformly as possible over the evaluation period.  At least 5 received signal level measurement samples are required for a valid RLA_P value.  According to [5, 7], the following cell reselection criteria (measured in dBm) are used for GPRS. 

The path loss criterion parameter C1 is used as a minimum signal level criterion for cell reselection for GPRS in the same way as for GSM Idle mode.  C1 represents a link budget computation based on path loss and assumptions about the RSSI of the serving cell.  When C1 goes to zero, the mobile reselects, but only after certain other requirements are met.  The C1 calculation for each cell (serving and neighbour) is based on the corresponding RLA_P value and is defined in [7].

The cell ranking criterion parameter C32 is used to select cells among those with the same priority. For serving cell, C32 is equal to corresponding C1. For each neighbour cell, C32 is equal to corresponding C1 modified with cell broadcast parameters [7].

For the greater of i) every new sample or ii) every second, the mobile station updates RLA_P and calculates the value of C1, C31 and C32 for the serving cell and the non‑serving (neighbour) cells. The mobile station may then decide whether to perform a cell reselection if:

i)
The path loss criterion parameter C1 for the serving cell falls below zero.

ii)
A non‑serving suitable cell (see 3GPP TS 03.22) is evaluated to be better than the serving cell. The best cell is the cell with the highest value of C32.

When evaluating the best cell, the parameter values for hysteresis are subtracted from the C32 value for the neighbour cells.  The hysteresis parameter values are broadcast on PBCCH of the serving cell.  In the case of a cell reselection occurring within 15 seconds of a previous reselection, then the hysteresis value for RSSI equals to 5 dB.  Then, if no suitable cell is located within 10 seconds, the cell selection algorithm of [5] shall be performed.

The example of the C1 parameter behaviour during reselection in TBF mode is shown in the following graph.  (Note that the C1 criteria estimation is performed approximately every 5 seconds):
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A.2.2. Predicting cell reselection

The prediction of cell reselection may be performed by the new component Reselection Predictor (RP) which may be introduced to the mobile station architecture.  The RP component has one input and one (mandatory) output comprising a “warning” to the network (the “reselection imminent” bit in an uplink measurement report), but may have second output in the form of an indication to the virtual streaming bearer (VSB) component.  The RP is logically connected to the measurement acquisition module and receives raw signal strength measurements (RSSI) as an input.   The following diagram below describes the Reselection Predictor and its logical connections:
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The reselection prediction algorithm comprises the following steps:

Every predefined period of time 
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 RP receives the serving cell RSSI measurements from the measurements module. As it mentioned above, the mobile station performs RSSI measurements every TDMA frame (4.615 ms) being in TBF mode. The period of time 
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 can be estimated as approximately 100 TDMA frames.

Upon receiving the new measurement, the RP module calculates one of the reselection criteria RC (C1 is considered in this paper) according [5, 7].

Based on the previous n RCs (for the practical reasons n can be assigned value of 5), the RP approximates RCs values with the parabolic curve using formula
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. Parameters a0, a1 and a2 are defined with the Minimum Least Square (MLS) method. The idea of the “running parabola” approximation is graphically represented in the following diagram.  






At the beginning of TBF, the predictor starts the n-points sliding parabola calculation by finding required initial sums based on the first yj reselection criteria values at the corresponding moments tj : 
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The reselection criteria calculation is based on raw RSSI measurements supplied by Measurements Component and separated with time interval 
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The following calculations are performed until the end of TBF starting with initialization of  i = 1.

while(TBF)

{


RSSIi = get_RSSI_measurements(ti);


yi = calculate_reselection_criteria(RSSIi);


//Current sums based on the previous ones
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//Auxiliary parameters
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//Sliding parabola coefficients
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//Reselection criteria calculated based on approximation
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i = i + 1;


}

The following prediction steps are based on the analysis of “sliding parabola” coefficients when the approximation of the descending branch of the reselection criteria is performed. The diagram below shows the behaviour of coefficients, significant points and coefficients’ signs changes.


Thus the Reselection Predictor Rule can be defined as follows:

IF

the moment of time Td at which
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has been detected,

AND

the m sequentially calculated reselection criteria RC satisfy the following inequalities: 

 
[image: image41.wmf]0

)

(

...

)

2

(

)

2

(

)

(

>

D

+

>

>

D

+

>

D

+

>

D

+

T

m

d

T

RC

T

d

T

RC

T

d

T

RC

T

d

T

RC

    

where reselection criteria RC is calculated using running parabola approximation,

AND
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THEN

Cell reselection is imminent, and the cell reselection predicted time is
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3.2.3 Simulation results

Note that the mobile station performs measurements every TDMA frame, but only write these results to the mobile log file every 5 seconds, resulting in an unrealistic representation of slopes.  To correct for this problem, the Fermi function was used to generate the points between 5 second intervals:


[image: image44.wmf]r

e

k

t

RC

t

t

-

+

=

-

1

)

(

)

(

0

a

,

where
[image: image45.wmf]3

;

1

;

12

;

60

0

=

=

=

=

r

t

k

a

.

[image: image46.jpg]gnuplot graph

60

Reselection criteria approximation

0/50

50

0

0

Eil

10

a1is0
a2/50
Apprqimated reselection criteria

02

04 08 08 1 12

Time

14





The fragment of simulation results is presented in the following table (m = 3). 

	Time in conditional units
	Reselection criteria, dB (S/N link budget)
	a0
	a1
	a2

	0.7
	55.8
	-43.9
	305.8
	-233.2

	0.8
	54.5
	159.2
	-132.1
	-0.1

	0.9
	43.8
	418.8
	-626.3
	232.8

	1.0
	27.0
	452.7
	-679.7
	253.5

	1.1
	10.9
	334.9
	-491.7
	179.0


It is observed that at the highlighted point in time that all conditions described in the Predictor Rule above were satisfied.   Now, the predicted reselection time may be estimated as:
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Note that this compares favourably with the actual prediction of approximately 1.2 time units in the graph, i.e. C1 goes to zero.
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