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1.0 Overview
In the early days of standardization, Public Land Mobile Network (PLMN) operators originally perceived the General Packet Radio Service (GPRS) and its superset Enhanced Data for Global Evolution (EDGE) as means of offering additional user services based on the notion of excess capacity during non-peak usage periods.  User applications were originally envisioned to include Internet browsers, electronic mail, file transfers and other applications for which best efforts data transfer are appropriate.
At the time that GPRS was conceived, the industry did not anticipate the adoption of Internet Protocol Multimedia Subsystem (IMS) applications such as streaming, real-time multimedia and voice-over-Internet Protocol (VoIP) to make use of GPRS/EDGE as an underlying wireless transport vehicle.  The primary issues for IMS are associated with the following characteristics of the GPRS/EDGE radio system:

Data flow perturbation resulting from cell change & Routing Area (RA) boundary change: To maintain system simplicity, there exists no specified real-time handover procedure for best effort packet data transfers over GPRS/EDGE.  Instead, cell change is achieved in R5 and prior specifications of GPRS and EDGE by simply allowing the mobile to reselect cells as it does in idle mode, which 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.  
The lack of a true synchronised handover for GPRS/EDGE means that the continuity of both uplink and downlink data is compromised each time a new cell is reselected, either autonomously or under the control of the network. This is to say that in unacknowledged mode radio link operation there will be loss of data during the period of reselection, and in acknowledged mode radio link operation the data stream will halt over the duration of the reselection period.

The cause of this perturbation in data flow is related to the loss of data flow that occurs during cell reselection, plus the additive effect of a longer data flow outage period when crossing a Routing Area (RA) boundary because of the requirement for the mobile to perform a RA update procedure before packet domain communication may continue in the new RA.
For some IMS applications, the impact may be severe, because a virtually continuous connection is required to provide the intended user experience.
2.0 Mitigating the impact of cell change and RA change
Current metrics show that in an urban area, cell reselection takes place approximately 2 to 4 times per minute, even with the mobile user equipment (UE) physically stationary.  This is primarily due to the fact that the mobile terminal is utilising the same autonomous reselection rules specified in [1] for GPRS/EDGE packet transfer mode as it does in idle mode.  This is to say that the UE may be reselecting, not because it has lost coverage in its serving cell, but rather because another adjacent cell has a stronger signal over some pre-defined period of time.  

Each reselection between cells interrupts the flow of data in both directions for 500 ms to approximately 4 seconds if the new cell resides in the same Routing Area (RA) as the old cell.  If the new cell resides in a different Routing Area, then the impact is typically 8 seconds with current network infrastructure.

For IMS applications utilising VoIP, this means that during a one-way conversation, when either the i) talker or ii) listener reselect to a new cell, the listener may lose up to 8 seconds of voice information.
Following are two possibilities to consider for reducing the impact of user mobility on IMS applications:

1) Autonomous avoidance of Routing Area change by the mobile terminal, and

2) Use of an operator-controlled reselection path loss criterion offset value.

2.1 Solution #1: Temporary avoidance of crossing RA boundary
VoIP communication may be described by the following simplified traffic model: 
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Where t = the total time duration of two-way half-duplex communication, which in the field of consumer mobile trunking systems may be quantified as typically being an average of ~33 seconds comprising 5 one-way transmissions comprising an average talk spurt of 4 seconds plus thinking and turn-around time of 1-2 seconds for a total of 10 seconds of actual speech transmitted.  

Of course, these are typical values which may vary depending on where t and number of transmissions are derived from their respective probability density functions.  Nevertheless, this quantification suggests that the mobile terminal engaged in half-duplex VoIP communication may benefit from the ability to temporarily avoid i) autonomously selecting a new cell and/or ii) autonomously selecting a new Routing Area.  Due to the typically short transmission duration, these data also suggest that there is unlikely to be any undesirable impact on system operation if the mobile station holds on to an existing cell for a few seconds in order to avoid changing cells and/or Routing Areas.

This type of avoidance logic would be possible to implement in the mobile terminal if the mobile had a priori knowledge of either the new cell’s Routing Area, or at least whether the target cell indeed resides within the same RA or a different one.  At the present time as of Release 6 of GERAN specifications, the mobile terminal has no knowledge of whether or not the cell to which it may reselect, either autonomously or under control of the network, is in the same or a different Routing Area (RA).

3GPP TS 04.18 [2] clause 10.5.2.37b specifies the information content of the System Information (SI) 13 “rest octets”, in which the Routing Area Code (RAC) is defined.  Unfortunately, the mobile terminal must read SI 3 on the target cell before it has knowledge of the target cell’s RAC.

Nevertheless, according the 3GPP TS 45.008 [1] clauses 6.1, 6.4, 6.6, 10 and 10.1, the mobile station, for the purpose of pending cell reselection, must maintain its list of strongest adjacent cells based on the “neighbour list” which is transmitted to the mobile on the serving cell in SI2, SI2bis, SI5 or SI5bis, specified in [2], clauses 9.1.32, 9.1.32a, 9.1.37 and 9.1.37a.  The actual Neighbour List Description is specified in [2], clause 10.5.2.22 as follows:

10.5.2.22
Neighbour Cell Description

The purpose of the Neighbour Cell Description information element is to provide the absolute radio frequency channel numbers of the BCCH carriers to be monitored by the mobile stations in the cell.

The Neighbour Cell Description information element is coded as the Cell Channel Description information element, as specified in clause 10.5.2.1b, with the exception of bits 5 and 6 of octet 2. Figure 10.5.2.22.1/3GPP TS 04.18 and table 10.5.2.22.1/3GPP TS 04.18: contains the difference of specifications.

The Neighbour Cell Description information element is a type 3 information element with 17 octets length.

	8
	7
	6
	5
	4
	3
	2
	1
	

	
	Neighbour Cell Description IEI
	octet 1

	Bit
128
	Bit
127
	EXT-
IND
	BA-
IND
	Bit
124
	Bit
123
	Bit
122
	Bit
121
	octet 2

	Bit
120
	Bit
119
	Bit
118
	Bit
117
	Bit
116
	Bit
115
	Bit
114
	Bit
113
	octet 3

	

	

	Bit
008
	Bit
007
	Bit
006
	Bit
005
	Bit
004
	Bit
003
	Bit
002
	Bit
001
	octet 17


Figure 10.5.2.22.1/3GPP TS 04.18: Neighbour Cell Description information element

Table 10.5.2.22.1/3GPP TS 04.18: Neighbour Cell Description information element

	EXT-IND, Extension indication (octet 2, bit 6)

If received in System Information 2, 2bis, 5 or 5bis this bit indicates whether the information element carries the complete information of a BCCH channel sub list or whether a complementary information element is sent in another message.

A GSM 900 mobile station which only supports the primary GSM band P‑GSM 900 (see 3GPP TS 05.05) may consider this bit as a spare bit and assume that the information element carries the complete BA, see clause 3.2.2.1.

NOTE:
This indicator is set to 1 in the neighbour cell description information elements in System Information 2 and 2bis and 5 and 5bis respectively when more than one is needed to describe a BCCH channel sub list.

Bit 6

0
The information element carries the complete BA

1
The information element carries only a part of the BA

BA-IND, BCCH allocation sequence number indication (octet 2). Range 0 to 1

The BA-IND is needed to allow the network to discriminate measurements results related to different BAs (e.g. BA(BCCH) and BA(SACCH)) sent to the

MS.


We note that the actual Neighbour Cell Description list does not provide a convenient vehicle by which an indication of the RA to which each cell belongs, but that if a single bit identifier were used to indicate whether (TRUE=1) or not (FALSE=0) the cell described in the Neighbour Cell Description list is a member of the serving cell’s RA, i.e. the cell on which the BCCH carrier providing the SI messages, then we are able to express an entire total of 16 specified Neighbour List worth of indications by 2 octets or 16 bits total.

This additional information may be placed at the end of SI2, SI2bis, SI5 and SI5bis as indicated below with the addition of “RAC membership element” Information Element (IE) comprising the “RAC membership parameters” data structure:

Message type:
SYSTEM INFORMATION TYPE 2

Significance:
dual

Direction:
network to mobile station

Table 9.1.32.1/3GPP TS 04.18: SYSTEM INFORMATION TYPE 2 message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	System Information Type 2 Message Type
	Message Type
10.4
	M
	V
	1

	
	BCCH Frequency List
	Neighbour Cell Description
10.5.2.22
	M
	V
	16

	
	NCC Permitted
	NCC permitted
10.5.2.27
	M
	V
	1

	
	RACH Control Parameter
	RACH Control Parameters
10.5.2.29
	M
	V
	3

	
	RAC membership element
	RAC membership parameters

10.x.x.xx
	M
	V
	2


It is furthermore expected that Extended TBF mode be utilised for half-duplex VoIP service, whereby the network may send the PACKET UPLINK ACK/NACK message to the mobile terminal to prevent timer T3184 from expiring [3], clause 9.3.1b, thereby extending the time period of the radio resource allocation to the mobile.  It is therefore the state of this timer that becomes a criterion in the method for mitigating the impact of user mobility when operating in half-duplex VoIP mode.

The mobile terminal, having access to RAC membership status of the current serving cell while in a TBF may then control its reselection behaviour according to the following logic:

1. The mobile terminal would enter a “cell reselection state” upon meeting any of the reselection criteria specified in [1].
2. If the mobile terminal has an active packet data transfer, then it would examine whether timer T3184 is running, and if not, then it would proceed with cell reselection as defined in [1] and optionally issue a “cell lost” indication to the user if so desired.
3. If T3184 is in fact running, the mobile would then determine if half-duplex IMS communication is ongoing, and if not, then if would proceed with cell reselection as defined in [1] and optionally issue a “cell lost” indication to the user.
3a. Else if path loss parameter C1 is equal to zero, then the mobile would proceed with cell reselection as defined in [1] and optionally issue a “cell lost” indication to the user.
5. Else if the target cell is in the same Routing Area, then the mobile terminal would proceed with cell reselection as defined in [1] and optionally issue a “cell lost” indication to the user
6. Else, the mobile terminal would remain on the same cell if the target cell’s Routing Area is different than that of the serving cell until either i) the radio link fails or ii) the uplink portion of the half-duplex user transmission is terminated.  This would obviously require some linkage between the application and the radio resource management logic in the mobile terminal, which is fairly simple since all logical components reside on the same physical device.
2.1.2 Solution #2: Reselection path loss criterion offset value

As previously noted (and discussed in Appendix A), the mobile terminal has two conditions during which it may autonomously reselect to another serving cell while in packet transfer mode:

1) If the basic path loss criterion goes to zero, indicating that the link budget has been exhausted, or

2) if an adjacent cell C32 value is stronger than the serving cell by a certain offset value for a certain period of time (usually 6 dB over the period of 10 seconds, but these are operator controllable).

While an operator may control how C32 reselection operates in general, there is no provision for “mode-specific” operation.  This is to say that C32 reselection operates in an identical manner whether or not the mobile station is in idle mode or packet transfer mode.  Furthermore, there is no knowledge or intelligence applied to controlling reselection on the basis of the specific QoS needs or service grade requirements of the application that the mobile is utilising at any given time.

We may consider whether to change the standard [1] to i) permit the incorporation of an offset value to the basic path loss criterion itself, C1 and ii) permit the mobile terminal to exercise the option of ignoring C32 if the mobile terminal is either operating in packet transfer mode or using an IMS application which would be severely degraded by frequent reselection.  This method would not impact the normal cell reselection behaviour under idle mode conditions, but would serve to minimize the interruption of data flows during packet transfers.

The mobile would receive a new parameter C1_P, i.e. C1 parameter for packet data transfer and/or IMS mode from the network.  Upon receipt, the mobile terminal would only use this parameter for reselection if it is in packet data transfer mode:

1. The mobile enters a “cell reselection state” upon meeting any reselection criterion.
2. If the mobile terminal determines if it has an active packet data transfer by examining whether timer T3184 is running, and if not, then it proceeds with cell reselection as defined in [1] and optionally issues a “cell lost” indication to the user.
3a. Else, if a packet data transfer exists, then the mobile determines if communication associated with an IMS application is ongoing, and if not, then it would proceed with cell reselection as defined in [1] and optionally issue a “cell lost” indication to the user.
3b. Else, if IMS communication is ongoing, then the mobile determines if the alternate path loss parameter specific to packet transfer mode and/or IMS operation has been received from the network, and if not then normal cell reselection as defined in [1] would take place optionally issuing a “cell lost” indication to the user.
3c. Else, if the alternate path loss parameter has been received from the network AND if the alternate path loss parameter C1_P is equal to zero, then cell reselection as defined in [1] be performed optionally issuing a “cell lost” indication to the user.
4. Else, if the value of the alternate path loss parameter C1_P is non-zero, then the mobile terminal would remain on the same cell.
3.0 Summary

Introduced here are two alternative concepts which may be adopted either together and/or individually to reduce the impact of user mobility and the radio layers on IMS communication over GSM systems.  We would welcome feedback on these ideas from manufacturers and network operators in assessing whether and how to proceed in this direction for GSM standards.
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Appendix A: About GPRS/EDGE cell reselection

In order to fully understand how the mobile may be allowed to perform certain autonomous decisions regarding i) whether or not it reselects to a new cell and/or ii) whether or not it crosses a Routing Area boundary, it is necessary to review the basic operation of the cell reselection mechanism as specified in [1] for GPRS.

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 Channel Allocation (BA) list, which is broadcast on Packet Broadcast Control Channel (PBCCH) or on the Broadcast Control Channel (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 sequentially.

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 [1], 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 [1].

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 [1].  The signal level threshold criterion parameter C31 for hierarchical cell structures (HCS) is used to determine whether prioritised hierarchical GPRS [1]).

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 either:

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

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 [1] shall be performed.

So clearly there is one condition for which the mobile terminal MUST reselect a new cell, i.e. the case of path loss criteria C1 going to zero, but there is also the condition of the mobile autonomously reselecting, not because its path loss criterion is unacceptable, but rather because there exists an adjacent cell with a stronger signal for some period of time, i.e. the case of the best cell with the highest C32 value.
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