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Enhancement of dual transfer mode when circuit switched resources are released

1. Introduction

In [1] were presented delay estimations for the PS service interruption time due to three different dual transfer mode procedures. One adoptation case mentioned in the document was a release of an RR connection while in DTM. This paper analyses the current functionality and finally proposes a solution how to change RR operation mode with minimal packet service interruption and changes to the current standard.

2. Current situation

Based on the current standard [2] when the MS releases a CS connection (= an RR connection) while in the Dual Transfer Mode (DTM) also all packet resources shall be aborted. This is illustrated in the figure 1 [3]. After the release of the CS connection the MS is in the packet idle mode and it shall perform a complete acquisition of system information and ask PS resources again. This discussion paper describes how an RR operation mode can be change directly from dual transfer mode to the packet transfer without the release of packet resources after the release of an RR connection.
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Figure 1. RR operating modes and transitions for classes A (DTM supported) and B.
The figure 2 illustrates how the system is currently working. Either the MS or network can disconnect the CS connection. In the picture MS disconnects the CS connection and transfers to the packet idle state in which it shall perform a complete acquisition of system information.
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Figure 2. The release of an RR connection while dual transfer mode.

If the network supports PBCCH then the MS shall not perform packet access or enter the packet transfer mode until it has [4]:

If the network supports PBCCH then the MS shall not perform packet access or enter the packet transfer mode until it has:

· acquired the PACKET SYSTEM INFORMATION TYPE 1 (PSI1) message;

· acquired a consistent set of PSI2 messages; and
· made at least one attempt to receive the complete set of PSI messages on PBCCH.
If the network supports the PACKET PSI STATUS message, the mobile station may perform packet access, and enter packet transfer mode, as soon as the PSI1 message and a consistent set of PSI2 messages have been received.

If the PBCCH is not present, the MS shall perform a complete acquisition of BCCH messages. The mobile station shall not perform packet access or enter the packet transfer mode, until it has:

· acquired the SYSTEM INFORMATION TYPE 3 (SI3), SI13 and, if present, SI1 messages;

· made at least one attempt to receive other SI messages that may be scheduled within one TC cycle on BCCH.

If the network supports the PACKET SI STATUS message, the MS may perform packet access, and enter packet transfer mode, as soon as the SI3, SI13 and, if present, SI1 messages have been received.

3. Proposal

One possible way to accelerate RR mode transition (from dual transfer mode to a packet transfer mode) would be to offer the minimum system information to continue packet transfer already while in dual transfer mode and the rest of information by using the PACKET (P)SI STATUS messages while in packet transfer mode.

3.1 Action while in dual transfer mode

As mentioned in the previous clauses the MS shall have a certain set of system information depending on whether packet control channel is supported or not by the network to continue without a service gap in the packet transfer mode after an RR connection is released. Figure 3 depicts the proposed enhancement. 

While in dual transfer mode the MS may receive PSI messages on the PACCH (PBCCH exists on the cell). Anyhow, in [4] is specified that the MS shall every 30s check if the system information has been changed. This can also be seen reasonable for PSI messages received on the PACCH when in dual transfer mode. This means that the MS cannot use PSI messages received over 30s ago. Another drawback is that as PSI messages are distribution messages (intended for all mobiles) the network cannot confirm that the MS has received the message via the RLC/MAC polling mechanism.

When for RR connection is released and the needed system information is missing or it is not received within 30s a network may send system information before releasing CS resources.

If packet control channels are supported then a network may send PSI1 and a consistent set of PSI2 messages when the MS is in the dual transfer mode.

If packet control channels are not supported then a network may send SI3, SI13 and, if present, SI1 messages when the MS is in the dual transfer mode.

A network sends these messages by using PACKET SERVING CELL DATA message on the PACCH. The MS can use PACKET (P)SI STATUS message to indicate which messages it has received correctly. This is presented in figure 3 with dotted arrows before the CHANNEL RELEASE message.

A network shall send the needed system information before the release of an RR connection. The CHANNEL RELEASE message is sent after the MS acknowledges that it has received correctly all needed system information. The PACKET (P)SI STATUS message can be used to acknowledge the receipt of system information. Currently in the PACKET SI STATUS message the MS can indicate that it has received SI1 and SI3 messages from the required set to make packet access (i.e the MS cannot indicate the receipt of the SI13 message). When packet control channels are supported and the PACKET PSI STATUS message is used the MS can indicate that it has received consistent set of PSI2 messages from the required set to make packet access (i.e. the MS cannot indicate the receipt of the PSI1 message). Because of the MS cannot indicate neither SI13 nor PSI1 message the new field e.g. < BASIC_SET_RECEIVED : bit > is needed in the both messages. The indication that the MS has received the basic set can also be done with the new RLC/MAC message.

If a network cannot send all needed information or it has not enough resources then it can just send CHANNEL RELEASE message with new notification that the MS is not allowed to continue in the packet transfer mode after the release of an RR connection. After the release of PS resources the MS may ask them as specified in the [2]. A network shall also indicate with the new information that the MS is allowed to continue in the packet transfer mode after the release of CS resources.

A timer shall be defined in a network for waiting response from the MS to the receipt of system information messages. In case no response is received by the network (i.e. the timer expires), a network shall send CHANNEL RELEASE message with indication that the MS is not allowed to continue in the packet transfer mode after release of an RR connection. The value of the timer shall be set so that network resources are not wasted too long e.g. when the MS has only DL TBF allocated it shall wait until it is polled to send the PACKET DOWNLINK ACK/NACK message.
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Figure 3. The proposed enhancement for an RR connection release.

3.2 Action while in packet transfer mode

When an RR connection has been released then a network may allocate TBFs with normal procedures e.g. by using a PACKET TIMESLOT RECONFIGURE message.

If the MS has had while in dual transfer mode only PDTCH/Fs power control parameters apply in the packet transfer mode too.

If the MS has had while in dual transfer mode in some timeslot PDTCH/H and TCH/H configuration in the downlink the MS releases also PDTCH/H when an RR connection is released.

3.2.1 Delivery of system information

This works as already specified in [4] with the PACKET PSI STATUS or PACKET SI STATUS procedure.

3.2.2 Packet measurements

Similarly as currently specified in [4] and [5].

3.2.3 Timing advance

Similarly as currently specified in [4].

3.2.4 Mobility scenarios

During a dual transfer mode the location of the MS may chance. Cell, location area and routing area changes are possible. The behavior of the MS is also depending on what is the network operation mode of the network. This sub-clause presents different possible scenarios that are relevant when an RR connection is released.

3.2.4.1 MS changes RA during dedicated connection and NMOII or NMOIII is used

A normal Routing Area Update is made during DTM and when an RR connection is released MS may continue in a packet transfer mode without any interruption.

3.2.4.2 MS changes LA or RA during dedicated connection and NMOI is used

When handover is completed the MS makes RAU and when an RR connection is released it makes Combined RAU procedure. This can be done via normal uplink TBF resource allocation.

If the RAU is not completed before an RR connection is released the MS’s behavior is FFS because of when an RR connection is released the MS shall immediately start combined RAU. It would be easier just to release a TBF in this special case.

If the MS has made the RAU and user data transfer is already ongoing when CS resources are released the MS is not allowed based on the current standard [3] send user data while combined RAU is in progress. The described case is very problematic if RLC is working in unacknowledged mode because of combined RAU shall be done with RLC acknowledge mode. In this case a TBF shall be released.

Another possibility would be to add to the PACKET (P)SI STATUS message or to the new message (see sub-clause 3.1) the new field e.g. < CS_PROCEDURE_PENDING : bit > meaning that the combined RAU will happen when a CS connection ends. When a network receives a message with this notification it knows that both CS and PS resources can be released when an RR connection ends without waiting the expiry of the timer.

3.2.4.3 MS changes LA during dedicated connection in NMOII or NMOIII or NMO is changed from NMOI to NMOII

When handover is completed the MS makes RAU and when an RR connection is released it makes Location Area Update (LAU) procedure. This can be done as today MS releases packet resources and starts randon access procedure (i.e normal PS => CS change).

Another possibility would be to add to the PACKET (P)SI STATUS message or to the new message (see sub-clause 3.1) the new field e.g. < CS_PROCEDURE_PENDING : bit > that the LAU will happen when a CS connection ends. When a network receives a message with this notification it knows that both CS and PS resources can be released when an RR connection ends without waiting the expiry of the timer.

4. Conclusion

In this paper is presented how RR operation mode can be changed from dual transfer mode to packet transfer mode with minimal interruption to the packet service. (P)SI messages are in the critical role in the continuous PS service availability. It was presented how critical (P)SI messages can be delivered to the MS while in DTM and it was shown how PACKET (P)SI STATUS messages can be used to offer a rest of the needed system information.

The paper also shows that many current procedures (e.g. packet measurements, timing advance, delivery of system information and mobility) can nearly be used as such after an RR operation change. As well current RLC/MAC messages can be reused with few new parameters to make smooth mode transition between DTM and packet transfer mode. Based on these facts it is seen feasible to enhance current DTM functionality.
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