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1
Background

1.1
Identification of the mobile station during packet transfer

During both an uplink and a downlink TBF, it is necessary that there exist an unambiguous identification of the mobile station. The identification is required to ensure that information that is sent to the mobile station or received from the mobile station is not mixed up with information relating to other mobile stations. It must be a fundamental requirement on the RLC/MAC protocol to ensure that.

1.2
Usage of TLLI for identification purposes

The TLLI is the temporary logical link identity that identifies the logical data link between SGSN and the mobile station. The local TLLI is derived from the P-TMSI allocated for the mobile station in a certain routing area. Hence, the local TLLI may serve as a unique identification of the mobile station within the routing area. When the mobile station leaves the routing area, a foreign TLLI is derived from the P-TMSI. Hence, the foreign TLLI together with the RAI (routing area identity) may serve globally as a unique identification of the mobile station.

The TLLI is used to identify the mobile station in packet idle mode. The TLLI may be used to identify the mobile station in packet transfer mode, although a shorter identifier is also needed to be efficient in packet transfer mode. 

The TFI is the temporary flow identity that identifies a certain TBF within the scope of the PDCHs that are allocated for the TBF. A TBF is either an uplink or downlink TBF. An uplink TFI is used to identify an uplink TBF and a downlink TFI is used to identify a downlink TBF. The TFI value can be used to identify a mobile station, provided that there is an unambiguous mapping between the TBF and the mobile station (i.e., between the uplink/downlink TFI and the TLLI).

Different techniques are used to ensure that the required mapping between the TBF/TFI and the mobile station/TLLI is created.

1.3
Downlink TBF establishment and reassignment

The Packet Downlink Assignment message may be sent to the mobile station with the TLLI in the address information and include a downlink TFI assignment. The required mapping between the downlink TFI and the TLLI is then created, because both identities are sent to the mobile station together in one message.

The Packet Downlink Assignment (or Packet Timeslot Reconfigure) message may be sent to the mobile station with an uplink or downlink TFI in the address information, in order to establish or reassign a downlink TBF:

–
If an uplink TFI is used in those messages, it requires that (1) there is an unambiguous mapping between the uplink TBF and the mobile station (i.e., between the uplink TFI and the TLLI), and (2) that the downlink TFI assignment is included in the message. The required mapping between the TLLI and the downlink TFI is then created.

–
If a downlink TFI is used in those messages, it is a reassignment of an existent downlink TBF. In that case, there need to be an unambiguous mapping between the downlink TBF and the mobile station (i.e., between the downlink TFI and the TLLI). A downlink TFI assignment may be included in the message to replace the old downlink TFI. The required mapping between the TLLI and the new downlink TFI is then created.

1.4
Uplink TBF establishment and reassignment

Correspondingly, the Packet Uplink Assignment message may be sent to the mobile station with the TLLI in the address information and include an uplink TFI assignment. That is done in the two-phase packet access. The required mapping between the uplink TFI and the TLLI is then created, because the two identities are sent to the mobile station together in one message.

Also, the Packet Uplink Assignment (or Packet Timeslot Reconfigure) message may be sent to the mobile station with an uplink or downlink TFI in the address information, in order to establish or reassign an uplink TBF:

–
If a downlink TFI is used in those messages, it requires that (1) there is an unambiguous mapping between the downlink TBF and the mobile station (i.e., between the downlink TFI and the TLLI), and (2) that the uplink TFI assignment is included in the message. The required mapping between the TLLI and the uplink TFI is then created.

–
If an uplink TFI is used in those messages, it is a reassignment of an existent uplink TBF. In that case, there need to be an unambiguous mapping between the uplink TBF and the mobile station (i.e., between the uplink TFI and the TLLI). An uplink TFI assignment may be included in the message to replace the old uplink TFI. The required mapping between the TLLI and the new uplink TFI is then created.

In the Packet Uplink Assignment message, there are also options for the TQI (temporary queuing identity) and the Packet Request Reference in the address information. Neither of those options is sufficient to ensure an unambiguous identification of the mobile station. In both cases, the identification is based on the fact that the mobile station has sent a Packet Channel Request message with a certain content, at a particular frame number. More than one mobile station might have done that, resulting in a contention on the uplink TBF that is established. A contention resolution is required to create the required mapping between the uplink TFI and the TLLI of the mobile station.
1.5
Packet access using CCCH

When packet access is performed on CCCH, the requirements and the tools to handle the requirements are essentially the same as already described. A difference is that the range of establishment cause values for packet access is much less, which means that a collision on RACH have a high probability to result in actual contention on the uplink TBF.

2
Contention resolution

2.1
Purpose

The purpose of the contention resolution at packet access is two-folded:

–
It shall ensure that the required unambiguous mapping between the uplink TFI and the TLLI is achieved (on both sides of the interface).

–
It shall also ensure that a possible contending mobile station that does not succeed with the contention resolution is released from the TBF and does not interfere with the transmission of RLC information.

Therefore, procedures for contention resolution have been specified for both one-phase and two-phase packet access.

2.2
Contention resolution at two-phase packet access

The contention resolution procedure at two-phase packet access is straightforward and reliable. The mobile station sends the Packet Resource Request message in an uplink block allocated for that purpose. The TLLI is included, which identifies the mobile station to the network. The network assigns the TBF in a (second) Packet Uplink Assignment message. The TLLI is used to address the mobile station. An uplink TFI assignment is included, to create the required mapping between the TFI and the TLLI. When the mobile station starts to use the TBF, contention resolution is completed and there is an unambiguous mapping between the TBF/TFI and the mobile station/TLLI.

If there was a contention in the uplink block allocated for the Packet Resource Request message, only one mobile station will receive the correct TLLI in the (second) Packet Uplink Assignment message. A contending mobile station waits until the timer T3168 expires (0.5 – 5.0 seconds) and is then ready to perform a new packet access attempt.

2.3
Contention resolution at one-phase packet access

The contention resolution procedure at one-phase packet access is more complex, possibly less reliable and, as have been seen, subject for different interpretations.

The basic idea behind the one-phase packet access procedure is to allow the mobile station to start transmitting RLC information as quickly as possible. This makes sense if the amount of information to send is small, in which case the initial delay could be most important for the overall system performance.

In the one-phase packet access procedure, the network sends a Packet Uplink Assignment message to assign the uplink TBF. In this case, the network uses the Packet Request Reference (or possibly the TQI) in the address information. In neither case, the identity of the mobile station is known and the address information is not necessarily unique for the mobile station. Therefore, the mobile station includes both the TFI and the TLLI in every RLC data block that is sent to the network. It enables the network to create the required mapping between the TBF/TFI and the mobile station/TLLI on the network side. It also enables the network to discriminate RLC data blocks that may be received from a possible contending mobile station during the start of the TBF. Contention resolution is achieved by that the network returns a Packet Uplink Ack/Nack message to the mobile station. This message uses the uplink TFI in the address information, to identify the TBF and, in this case, also includes the contention resolution TLLI as a parameter, to identify the mobile station. Thereby, it is possible to create the required mapping between the TBF/TFI and the mobile station/TLLI on the mobile station side.

It is not until the mobile station receives the Packet Uplink Ack/Nack message that the requirements for contention resolution are fulfilled. Before that, it is not possible to use the uplink TFI as an unambiguous identification of the mobile station. The TLLI could be used to identify the mobile station, but it is not sufficient to identify the TBF, because the required mapping between the TLLI and the uplink TFI has not yet been created on the mobile station side.

Due to these complications, the operation of the TBF is not fully reliable during this procedure. The RLC data blocks can be transferred safely, because they include both the uplink TFI and the TLLI. However, the RLC/MAC control messages in general have not the sufficient addressing capabilities to simultaneously address both the uplink TFI and the TLLI. Therefore, using those control messages during the one-phase contention resolution may lead to complex abnormal conditions in the operation of the TBF.

In the current specification, it is only the Packet Uplink Ack/Nack message that has the capability to address both the TFI and the TLLI simultaneously. Hence, it is only that message, which can be used safely during the one-phase contention resolution. 

3
Ericsson understanding of the current specification (3GPP TS 04.60, release 1997)

3.1
General

When reading the specification of the RLC/MAC protocol (3GPP TS 04.60, release 1997), it is clear that there is an overall model of the protocol operation, including to main protocol states, i.e., the packet idle mode and the packet transfer mode (sub-clauses 5.3 and 5.4). However, it should also be clear that this is an abstraction. When going into details, it is clear that there exist numerous sub-states in the protocol. (A sub-state could be when a protocol entity has sent a control message and is waiting for a particular response from the peer, which is only meaningful as a response to the control message that was initially sent. When the response is received, the sub-state ends and the response may trigger another sub-state with certain behaviour, and so on.)

3.2
The transition from packet idle mode to packet transfer mode

3.2.1
The gap between packet idle mode and packet transfer mode

The transition from packet idle mode to packet transfer mode is specified in 3GPP TS 04.60, clause 7. In sub-clause 7.1.2.1, it is stated that the mobile station leaves the packet idle mode when a Packet Channel Request message is sent on PRACH. A corresponding paragraph can be found in 3GPP TS 04.08, sub-clause 3.5.2.1.2, for the case where CCCH is used for the packet access. Moreover, in 3GPP TS 04.60, sub-clause 7.1.2.4 (one-phase) and sub-clause 7.1.3.4 (two-phase packet access), it is also stated that the mobile station has entered the packet transfer mode at the successful completion of the contention resolution. 

There is thus a gap between the packet idle mode and the packet transfer mode during the transition. In this state, the normal requirements in the packet idle mode and the packet transfer mode, respectively, do not automatically apply. The way that the specification is structured, the procedures and options defined in sub-clause 7.1 and in sub-clause 7.2 should be sufficient to bring the mobile station from the packet idle mode to the packet transfer mode. Requirements that are not stated there (directly or by reference) do not apply.

3.2.2
One-phase packet access

During one-phase packet access, the gap between the packet idle mode and the packet transfer mode could typically be divided in two protocol sub-states: 

–
First the mobile station has sent one or more Packet Channel Request messages and is waiting for the Packet Uplink Assignment message on PCCCH.

–
Secondly, when the Packet Uplink Assignment message is received, the mobile station switches to a PDCH and performs the contention resolution procedure (sub-clause 7.1.2.3). During that, the mobile station repeatedly sends RLC data blocks and is waiting for the Packet Uplink Ack/Nack message that completes the contention resolution.

During contention resolution sub-state, the RLC procedures shall be started, because it is specified that the transmission of RLC data blocks shall begin. However, concerning the RLC/MAC control messages, it is only the Packet Uplink Ack/Nack that is mentioned in sub-clause 7.1.2.3. There is no general reference between sub-clause to clause 8, where the MAC procedures in packet transfer mode are defined, and sub-clause 7.1.2.3, where contention resolution is defined. 

There is a paragraph in sub-clause 7.1.2.1.1 regarding the Packet Downlink Assignment message, which could apply during the one-phase contention resolution. This paragraph was discussed at the TSG GERAN #2 meeting. The general agreement then was, however, that this paragraph should be applied only during the first part of the packet access procedure, where the mobile station has sent one or more Packet Channel Request messages and is waiting for the Packet Uplink Assignment message.

Hence, Ericsson understands that there are no firm requirements on the mobile station to act on RLC/MAC control messages during the one-phase contention resolution, except the Packet Uplink Ack/Nack message (according to sub-clause 7.1.2.3) and possible the Packet Downlink Assignment message (according to sub-clause 7.1.2.1.1). However, the mobile station should be able to act on distribution messages, because there is no address conflict involved in them.

Ericsson understands that the procedures defined in clause 8 only apply in packet transfer mode, i.e., after a successful contention resolution. Correspondingly, the procedures defined in clause 7 shall be initiated on PCCCH when the mobile station is in packet idle mode. The only exception is that the network may initiate a downlink TBF establishment and force the abortion of an ongoing uplink packet access, according to sub-clause 7.1.2.1.1 (also 7.1.2.2.2 and 7.1.2.2.4). The corresponding exception can be found in 3GPP TS 04.08, release 1997, as well.

This might seem as a somewhat conservative interpretation of the specification. However, considering the complexity and the potential hazards concerned with the contention resolution in the one-phase packet access, Ericsson strongly believe that a certain precaution is justified to ensure a reliable behaviour of the entities using the protocol. It is also the opinion of Ericsson that there is nothing in the specification that contradicts this interpretation.

3.2.3
Performance aspects

The main disadvantage with the conservative approach taken by Ericsson could be that RLC/MAC control messages between the network and the mobile station need to be suspended during the contention resolution procedure. (I.e., the mobile station does neither respond to nor does it send RLC/MAC control messages during the procedure, except those mentioned in sub-clause 7.1.2.3.) As a consequence, the initiation of some RLC/MAC procedures defined in packet transfer mode may be slightly delayed, if there is a need to initiate them during the contention resolution. However, Ericsson is convinced that it is possible for the network to handle it such that the impact on overall performance is negligible.

The network may initiate signalling procedures towards the mobile station as soon as the Packet Uplink Ack/Nack message (with contention resolution TLLI) has been sent. Possibly some reaction time could be needed for the state transition in the mobile station. However, if the mobile station receives the Packet Uplink Ack/Nack message, it should at least be able to process another control message received in the second next following block. In most cases, it is assumed that the contention resolution is completed on the network side, before a signalling procedure is initiated. It means that the additional delay caused by the Packet Uplink Ack/Nack message should not be more than two block periods (i.e., 40 millisecond). That cannot be crucial for system performance.

The delay could be slightly worse, if the network would need to initiate a signalling procedure even before contention resolution is completed on the network side. There could be at least two scenarios for that.

The mobile station might receive an RLC/MAC control message that the network sent on PCCCH, unaware about the fact that the mobile station is involved in an uplink TBF establishment. In this case, the network uses the TLLI in the address information. The mobile station is thus unambiguously addressed. If the mobile station accepts a message like this, it may, however, cause rather complex abnormal conditions. That is because the network sends the message, unaware of the actual state of the mobile station. 

The main obstacle in this situation is of course the Packet Downlink Assignment message, which might certainly conflict with the uplink TBF. A conflict may be caused both by the assignment as such and later during the operation of the downlink TBF. In that respect, it might be better to stick to the wording in sub-clause 7.1.2.1.1, where it is stated that the mobile station shall abandon the uplink TBF, if a Packet Downlink Assignment message is received before the packet access procedure is completed. The potential gain by continuing the establishments of both the uplink and downlink TBF in parallel is actually quite restricted. In most cases, the mobile station does anyhow not receive the control message sent on PCCCH, because the PDCH carrying PCCCH is not used for the uplink TBF. In those cases, the mobile station is, of course, unable to react. The most consistent behaviour would thus be achieved if the mobile station always ignores a Packet Downlink Assignment message received in this way. The network must anyhow handle the situation that the mobile station does not receive the Packet Downlink Assignment message. The fact that the mobile station may act under certain conditions does not help much in the general case.

In the other scenario, the network might attempt to initiate a signalling procedure, addressing the TFI associated with the uplink TBF, before the contention resolution is completed on the network side. In this case, the network is not aware of the identity of the mobile station when the procedure is initiated. A procedure like this has to be based on information that the network had before the Packet Uplink Assignment message was sent to the mobile station. It is difficult to see an application of that, since the network does not have much information about the mobile station. Sending a command to a mobile station, without knowing the identity, could certainly lead to a number of complex abnormal conditions. It is difficult to see the benefit of that.

4
Possible enhancements

It is known that several mobile stations have been implemented according to a more liberal interpretation of the one-phase contention resolution than the interpretation made by Ericsson. That could be done, as discussed in this document, at the expense of a more complex handling of abnormal conditions in both the network and the mobile station. In the situation that is, it is basically too late to prevent these differences. It would be wrong to mandate certain behaviour in release 1997, if it is not covered by the current specification and does not cause significant malfunction of the system. New requirements of that kind cannot be accepted. 

For future releases of the specification (basically 3GPP R4 and onwards), the possibility for enhancements is always open. However, a change of requirements must be justified by an improvement of the overall system performance. Considering the problem with the interpretation of the one-phase contention resolution, a certain harmonisation could be beneficial. In the present situation, however, it is difficult to know which way is the best to go. Obvious hazards in the protocol may have to be corrected, but it is perhaps best to wait for practical experience of system operation, before proposing a more general change of requirements.

5
Conclusion

It is evident that there exist different interpretations of the mobile station requirements during one-phase contention resolution. In the long-term, a harmonisation is probably required. In the short-term, it is felt that these differences can be handled by a proper network implementation. Slightly different or, in some cases, inadequate mobile station behaviour might cause some disturbance of system operation, but it is not evident that those disturbances are very significant for the overall system performance.

It is suggested that the necessary restrictions to avoid obvious hazards in the one-phase packet access are introduced in the release 1999 version of the specification. In particular, the treatment of a downlink TBF assignment, if accepted by the mobile station, needs to be clarified.

It is also suggested to try to achieve a harmonisation of the behaviour in 3GPP R4. Ericsson, of course, prefers the more conservative approach to be taken. It is the opinion that this approach gives a less complex and more reliable operation of the mobile station. The gain by the more liberal approach seems to be very questionable.

Finally, it is suggested that a technical report (similar to 3GPP TS 09.94) be created where different interpretations of the specification that exist in early GPRS mobile implementations and that may cause disturbance can be documented. Solutions for the network how these disturbances can be avoided should be provided.

