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Timers for EC-EGPRS TBFs
1 Introduction
The EC-EGPRS feature is currently being specified in 3GPP Rel-13 [1]. Change requests have been presented for, among others, the EC-EGPRS TBF procedures, see e.g. [2], [3] and [4]. A remaining question for these procedures concerns the values for (and use of) timers for EC-EGPRS TBFs.

This paper discusses timer settings for EC-EGPRS TBF procedures. Two new timers, related to the release of uplink EC-EGPRS TBFs, are also discussed.
This is an update of the version presented at the Telco#4 on EC-GSM and eDRX, with changes marked in red.
2 General
A number of new timers have been proposed for uplink EC-EGPRS TBFs whereas a number of legacy GPRS/EGPRS timers are being reused for downlink EC-EGPRS TBFs. Specific settings for these timers and the related behavior are further discussed in sections 3, 4 and 5 respectively.
The value to be used for a timer can either be:

·  Set to a fixed value in the specification;

·  Be configured by the network and sent to the mobile station as part of system information (in an EC-SI message); or

·  Be configured by the network and sent to the mobile station in an assignment/control message.

The timer values are more dynamic when configured in the network. If the timer value is sent as system information (an EC-SI message) it is possible to have cell specific values and the setting can be tuned for different purposes. If the timer value is included in an assignment/control message the timer can even be set to MS or TBF specific values. This however comes with the cost of the space needed to convey the values in those messages.
With the use of blind physical layer transmissions for EC-EGPRS, where the transmissions for the highest Coverage Classes span over more than one radio block period, a timer might expire during an ongoing transmission. To avoid the need to specify the timers so that never happens it is proposed that if a timer expires during an ongoing transmission opportunity, that transmission opportunity shall be considered as having occurred prior to the expiry of the timer.
3 Timers during uplink EC-EGPRS TBF
With the use of Fixed Uplink Allocation for uplink EC-EGPRS TBFs there are some differences compared to the legacy GPRS/EGPRS procedures. Some new timers have therefore been introduced, as described in [2] and [4]. At the same time, some of the timers for legacy GPRS/EGPRS are not needed for an uplink EC-EGPRS TBF.

New timers (T3226, T3227, T3228 and T3229) have been introduced for the time period where EC-PACCH may be sent in the downlink, following each fixed uplink allocation. New timers (T3237 and T3238) have also been introduced for managing the time period that the mobile station may be directed to remain monitoring the EC-PACCH after the end of the data transfer on the uplink EC-EGPRS TBF (i.e. after transmission/reception of the EC-EGPRS Packet Uplink Ack/Nack message confirming completion of the uplink data transfer).
Timers for EC-PACCH transmission/reception after a fixed uplink allocation

General
The new EC-EGPRS timers T3226, T3227, T3228 and T3229 determine when and for how long a mobile station shall listen to the downlink EC-PACCH after a fixed uplink allocation.

Start of downlink monitoring window (T3226 and T3227)

Timers T3226 and T3227 are corresponding timers on the mobile station and network side respectively, which are started after the last allocated RLC data block of a fixed uplink allocation. The purpose of these timers is for the mobile station to avoid monitoring the downlink EC-PACCH when the network will not be transmitting. At expiry of the timers the mobile station shall start monitoring the downlink EC-PACCH and the network may then transmit control messages on the EC-PACCH. The timer value for T3226 should be set so that the mobile station does not monitor the EC-PACCH when the network will not be able to transmit anyway. For the network the number of possible transmission opportunities (while timers T3228/T3229 are running, see below) will decrease if timer T3226 is shorter than the roundtrip time in the network. This time may be different in different cells due to e.g. different transmission latencies. It is therefore proposed that the value for timer T3226 shall be possible to set on cell level and that it shall be sent to the mobile station as part of system information (in an EC-SI message). The value range is proposed to be 100-1200ms. The higher values are then relevant e.g. if transmission over satellite is being used.
Downlink monitoring window (T3228 and T3229)

At expiry of T3226 and T3227 timers T3228 and T3229 are then started on the mobile station and network side, respectively. 

T3228 defines for how long the mobile station shall be monitoring the downlink EC-PACCH. T3228 is stopped by the mobile station when it receives an EC-EGPRS Packet Uplink Ack/Nack (EC-EGPRS PUAN) message addressed to it. The network stops timer T3229 when it receives data on the fixed uplink resources allocated in the corresponding EC-EGPRS PUAN message, which was sent while T3229 was running. Otherwise the TBF resources are released at expiry of the timers. Except for the use of different Coverage Classes there are no cell or MS/TBF specific parameters that are seen as affecting the needed length of the timers. An option is to set the length of timers T3228 and T3229 to Coverage Class specific values. That is however not considered necessary, especially considering that these timers will in normal cases anyway be stopped before they expire. Instead it is proposed to specify the timers to a length that is sufficient to cover enough transmission opportunities for the highest Coverage Class. The specific value to use for T3228 is discussed below in relation to the proposed new timers T3248 and T3249.
The general procedure is shown in Figure 1 (although not all cases are covered).
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The timers T3228 and T3229 are used so that the mobile station may successfully receive the EC-EGPRS PUAN message after transmitting according to the fixed uplink allocation. The network would typically transmit the EC-EGPRS PUAN at the first available opportunity and may then send additional EC-EGPRS PUAN messages, if needed, while timer T3229 is still running. 
Coverage class monitoring (T3248 and T3249)

In case the EC-EGPRS PUAN message transmission is not successful, e.g. due to a fading dip, it could however be beneficial to transmit the EC-EGPRS PUAN message using a higher Coverage Class. Two timers, T3248 on the mobile station side and T3249 on the network side, are therefore introduced. These timers are started at expiry of timers T3228/T3229. While these timers are running the mobile station shall monitor the EC-PACCH using the next higher Coverage Class (compared to the assigned Coverage Class), if such exist, and the network shall thus also transmit with the next higher Coverage Class. The timer values for T3228 and T3229 can then be set to shorter values since the function would be the same for these new timers except for the use of a higher Coverage Class. A benefit with the introduction of a time period with increased Coverage Class is that less conservative Coverage Class assignments can be applied for the downlink EC-PACCH (when assigning UL TBF resources via the EC-AGCH). The procedure is illustrated in Figure 2.
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To enable an optional use of this option it is proposed to set the timer value for T3248 (and thus for T3249) using system information (an EC-SI message) and to let the sum of T3228 and T3248 be [5 sec]. An increase for T3248 thus means a decrease for T3228. It is then proposed that the value range for T3248 should be 0 – 3 sec, where 0 means that the option is not used. The T3228 (and T3229) timer can thus have a value between 2 and 5 seconds.
Special consideration is needed for the implicit increase from CC1 to CC2 (on the downlink EC-PACCH) since different numbers of PDCHs within the same TDMA frame are used for those Coverage Classes and for CC2 the blind transmissions are sent in parallel. An option is to include the CC2 assignment (for the downlink EC-PACCH) in the assignment message either with a specific “starting position” or as an offset in relation to the CC1 assignment. The timeslots used for CC2 could, as an alternative, be implicitly based on the assigned CC1 PDCH. In that case a bit could be included in the assignment message to indicate if the implicit CC2 mapping is valid or not for the specific TBF. It is here proposed to use a specific timeslot mapping for the CC2 assignment (while timer T3248 is running) using the assignment messages, if needed. 
Timers for EC-PACCH monitoring after end of data transfer 

Timers T3237 and T3238 are used to manage how long the mobile station optionally may be directed to remain monitoring the EC-PACCH after the end of the data transfer on the uplink EC-EGPRS TBF (i.e. after transmission/reception of the EC-EGPRS PUAN message confirming completion of the uplink data transfer). 

The network starts timer T3237 at transmission of an EC-EGPRS PUAN message with FAI, indicating that the mobile station shall remain on the EC-PACCH. The mobile station starts timer T3238 when it receives the corresponding EC-EGPRS PUAN message. Timer T3228 is stopped when the mobile station receives an EC-EGPRS Packet Downlink Assignment message or another control message triggering the release of the uplink TBF. At expiry of the timers, the mobile station returns to packet idle mode and monitors the EC-CCCH according to the procedure used while in Ready state.
The timer value for T3238, when used, is sent to the mobile station in the EC-EGPRS PUAN message, which includes the FAI. It is here proposed to include possible timer values up to a value of 8 sec to cater for long response times from the network, such as e.g. application servers. The mobile station should then monitor the downlink EC-PACCH according to a certain pattern, i.e. not continuously, in order to limit the energy consumption. It is therefore here proposed to include a parameter with the monitoring pattern to use in the EC-EGPRS PUAN message containing the T3238 value. It is then also proposed to include a parameter for the initial waiting time to apply before starting the EC-PACCH monitoring while T3238 is running.
4 Timers during downlink EC-EGPRS TBF

With the downlink EC-EGPRS TBF procedure being similar to legacy DL TBF procedures there are a number of legacy timers that will be used also for downlink EC-EGPRS TBFs. The values and/or the messages used to convey the values might then however be different.

Timers T3168 and T3172, described in [3], and T3191, T3192 and T3193, described in [4], are such legacy timers that will be used for DL EC-EGPRS TBFs and that may need separate settings for EC-EGPRS. Timers T3190 and T3195, both related to supervision of an ongoing TBF, are also considered applicable for a downlink EC-EGPRS TBF and could be reused with no EC-EGPRS specific settings.

Timers for channel request procedure during DL EC-EGPRS TBF

The timers T3168 and T3172 are used in relation to a mobile station requesting establishment of an uplink EC-EGPRS TBF at the end of a downlink EC-EGPRS TBF.
A mobile station with a downlink EC-EGPRS TBF will start timer T3168 when sending an EC-EGPRS Packet Downlink Ack/Nack (EC-EGPRS PDAN) message including a channel request for an uplink EC-EGPRS TBF. It is then stopped at reception of an EC-EGPRS Packet Uplink Assignment or EC-EGPRS Packet Access Reject message. If the mobile station is polled for a new EC-EGPRS PDAN while T3168 is running it may send a new EC-EGPRS PDAN with a channel request, since it can be assumed that the previous EC-EGPRS PDAN (with channel request was not received by the network). T3168 would then be restarted. When T3168 expires, the mobile station shall release its TBF resources, unless timer T3192 is still running. The channel request would then need to be performed using the (EC-)CCCH. There are thus some differences compared to the legacy descriptions for T3168, which need to be addressed for EC-EGPRS.

The value of T3168 is set using system information in legacy GPRS/EGPRS. It is proposed to include the T3168 value as an optional parameter in system information for EC-EGPRS (in an EC-SI message). If not present a default value is then used. This way it is possible to tune the value for different types of cells. It is proposed to use the default value of 1500ms and let the value range, if used in EC-SI, be the same as for legacy GPRS/EGPRS, i.e. 500-4000ms.
The timer T3172 is started by a mobile station with a downlink EC-EGPRS TBF when it receives an EC-EGPRS Packet Access Reject message in response to including a channel request in an EC-EGPRS PDAN message. It is also started at reception of an EC-EGPRS Packet TBF Release message, which includes a Wait Indication, during an uplink EC-EGPRS TBF. The timer defines when a new channel request may be performed by the mobile station. For a mobile station in EC-EGPRS operation, the EC-EGPRS Packet Access Reject message is received in response to an EC-EGPRS PDAN message with FAI, since that is the only case where the channel request may be included during a TBF. When the mobile station receives an EC-EGPRS Packet Access Reject message it should therefore leave the downlink EC-EGPRS TBF and release its resources. The EC-EGPRS Packet TBF Release message, including a Wait Indication, may be received during an uplink EC-EGPRS TBF in order to release the TBF and delay a new access request from the mobile station in the same cell.
The T3172 timer value, which is included as a Wait Indication in the EC-EGPRS Packet Access Reject message or in the EC-EGPRS Packet TBF Release message, should thus be treated as a delay in performing a new access request on the (EC-)CCCH. There are thus some differences compared to the legacy descriptions for T3172, which need to be addressed for EC-EGPRS. The value of the timer was already included as a Wait Indication in the EC-EGPRS Packet Access Reject message in [5], using the same value range as for legacy GPRS/EGPRS.
Timers for release of DL EC-EGPRS TBF

The timers T3191, T3192 and T3193 are used in relation to the release of the downlink EC-EGPRS TBF.

The network timer T3191 is handled in the same way for EC-EGPRS as for legacy GPRS/EGPRS, i.e. it is started at transmission of the RLC data with FBI and stopped at reception of the final EC-EGPRS PDAN message. At expiry of the timer the TFI resource is released. The timer value is specified to 5s for legacy GPRS/EGPRS and the same value seems appropriate for EC-EGPRS.

Timers T3192 and T3193 are corresponding timers on the mobile station and network side, which are started at transmission and reception, respectively, of the EC-EGPRS PDAN message with FAI. The network then stops T3193 when establishing a new uplink or downlink EC-EGPRS TBF and the mobile station stops T3192 at the reception of an EC-EGPRS PACKET DOWNLINK ASSIGNMENT or EC-EGPRS PACKET UPLINK ASSIGNMENT message. Otherwise, at expiry of the timers, the TBF resources are released and the mobile station returns to packet idle mode. The timer value for T3192 is, in legacy GPRS/EGPRS, sent to the mobile station in system information. It is here proposed that the T3192 timer value for EC-EGPRS operation is also sent to the mobile station as part of system information (in an EC-SI message) with the same value range as for legacy GPRS/EGPRS.
5 Timer for supervision of segmented RLC/MAC control messages

The legacy GPRS/EGPRS timer T3200 is started by the mobile station at reception of a first instance of a segmented downlink RLC/MAC control message. The timer is then stopped at reception of all segments of that control message. If the timer expires the segments received so far are discarded.

Since segmented downlink RLC/MAC control messages shall be supported in EC-EGPRS, with up to two segments, the T3200 timer is applicable also for EC-EGPRS. Procedure descriptions for handling of T3200 during an EC-EGPRS TBF shall then be added in TS 44.060, clause 9.1.12b. In addition, it is proposed to use a timer length of 1200ms for EC-EGPRS, which corresponds to four times the maximum value for the legacy GPRS/EGPRS parameter BS_CV_MAX, i.e. 4*15*20 ms.
6 Conclusions
A number of counters to be used during EC-EGPRS TBFs have been discussed in this document together with a number of proposals.

The following is proposed in this document:
·  Value for timer T3226 is sent to the mobile station as part of system information (in an EC-SI message), with value range 100-1200ms;
·  Introduction of two new timers (T3248 on the MS side and T3249 on the NW side), which are started at expiry of timers T3228 and T3229. While these timers are used the next higher CC, if such exists, is used on the downlink EC-PACCH. The value of T3248 is sent as part of system information (in an EC-SI message), with value range 0-3s, where 0s means that the option is not used. The value of T3228 and T3229 is then given by the formulas T3228 + T3248 = 5s and T3229 + T3249 = 5s.
·  The mapping of the CC2 assignment to use at the implicit increase of Coverage Class from CC1 to CC2 on the downlink EC-PACCH, while timers T3248/T3249 are running, shall be included in the assignment messages, if needed.
·  The possible timer values for T3238 shall be up to a value of 8s and the mobile station shall monitor the EC-PACCH according to a certain pattern, i.e. not continuously, during that time period. The pattern to use and the initial waiting time to apply before starting the EC-PACCH monitoring, while T3238 is running, are included as parameters in the EC-EGPRS PUAN message.
·  The value for timer T3168 shall be sent as an optional parameter in system information for EC-EGPRS (in an EC-SI message). If not present a default value of 1500ms shall be used.
·  The T3192 timer value for EC-EGPRS operation shall be sent to the mobile station as part of system information (in an EC-SI message), with the same value range as for legacy GPRS/EGPRS.
·  EC-EGPRS descriptions for timer T3200 shall be added in TS 44.060, clause 9.1.12b. A timer value of 1200ms is then proposed for EC-EGPRS.
·  If a timer expires during an ongoing transmission opportunity, that transmission opportunity shall be considered as included prior to the expiry of the timer.
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Figure � SEQ Figure \* ARABIC �1�: Procedure for T3226, T3227, T3228 and T3229





Figure � SEQ Figure \* ARABIC �2�: Procedure including T3248 and T3249
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