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Background

General

During interoperability testing activities, Ericsson has noticed that there may exist different interpretations of the MS requirements during the one-phase contention resolution. A reliable contention resolution is a key feature to ensure proper operation in a “live” network. The situation could thus be quite alarming, unless a general agreement about the appropriate interpretations can be reached. – Divergent and incompatible implementations of the mobile station could otherwise easily become blocking for many important GPRS features.

Sharing a common PDCH between PCCCH and GPRS payload

One important GPRS feature that could be in danger, if these problems are not resolved, is the possibility to share a common PDCH between PCCCH and GPRS payload (i.e., PDTCH and PACCH).

Discussion

One-phase contention resolution

The one-phase packet access is initiated by the mobile station by sending a Packet Channel Request message on PRACH (or a Channel Request message on RACH), using an appropriate establishment cause value. The network sends a Packet Uplink Assignment message on PCCCH (or an Immediate Assignment message on CCCH), in order to assign an uplink TBF to the mobile station.

The one-phase contention resolution begins when the mobile station has received the assignment message and starts to transmit RLC data blocks on the uplink TBF. During one-phase contention resolution, the mobile station shall include the TLLI value in the RLC data blocks that are sent to the network. The one-phase contention resolution has succeeded when the mobile station receives a control message from the network that uniquely links the TLLI value used in the RLC data blocks to the TFI value allocated for the uplink TBF. 

The contention resolution may fail, in which case the mobile station returns to packet idle mode. A failure may occur due to timer or counter conditions or if the network links a TLLI value to the uplink TBF, other than the value expected by the mobile station.

There are two important observations concerning contention resolution:

· Before contention resolution is complete, the linkage between the identity (TLLI) of the mobile station and the uplink TBF might not be unique. There may be more than one mobile station simultaneously trying to use the same uplink TBF.

· Before the network has received an RLC data block containing the TLLI of the mobile station, the network is not aware of the identity of the mobile station using the TBF and it is thus not aware of the current protocol state of that mobile station. From the network point of view, the mobile station is in still packet idle mode.

Application of RLC/MAC procedures in packet transfer mode

Problem

Before the contention resolution is successfully completed in the mobile station, there may be more than one mobile station potentially responding to the same TFI value. If the network applies a control message according to one of the procedures defined in 04.60 clause 8 in this state (addressing the mobile station by the TFI value), there may be more than one mobile station that respond. This is not acceptable, because the TFI value is supposed to identify the mobile station associated to the TBF in a unique manner.

Proposed solution

During contention resolution, the mobile station shall not accept a control message addressing the TFI alone. In order to properly address the mobile station in this protocol state, it is necessary to use both the TFI (to identify the TBF) and the TLLI (to identify the mobile station).

Using TFI alone is only possible when contention resolution has been successfully completed. However, it should be noted that it is not always possible for the network to know whether there actually was a contention on the new TBF. When the contention resolution has been completed successfully for one mobile station, there might still be another mobile station trying to use the uplink TBF, waiting for the contention resolution to be completed. 

In order to avoid the second mobile station to interfere with the control signalling associated with the TBF (addressing TFI alone), it is essential that a mobile station does not respond to this kind of signalling until the contention resolution is complete. The mobile station shall neither respond to polling requests nor act on the control message as such. The responsibility to suppress these actions must be put on the mobile station. It is not possible for the network to avoid this kind of problem. As a consequence of this restriction, the network shall ensure that the mobile station has completed the contention resolution, before initiating the procedures defined in packet transfer mode (3GPP TS 04.60, clause 8).

Neither is it suitable to use the TLLI alone to address the mobile station during contention resolution. That is due to the fact that TLLI may be used to address the mobile station on PCCCH, aiming at the mobile station in packet idle mode. If the TLLI were to be used alone to address the mobile station in this protocol state, the intentions of the network is ambiguous to the mobile station. To avoid the problem, it is proposed that neither shall the mobile station, during contention resolution, accept a control message that addresses the mobile station by the TLLI alone. 

There is one exception to the last rule. The Packet Uplink Assignment message is used for contention resolution in the two-phase packet access and may be used for contention resolution in the EGPRS one-phase packet access. In both cases, TLLI is used alone to identify the mobile station. That is possible, because the Packet Uplink Assignment message does not address the mobile station using TLLI, unless the mobile station has sent a Packet Resource Request prior to that. (Note that in neither case, the Packet Uplink Assignment message (with an unexpected TLLI) can be used to release a possible contending mobile station. In these cases, a counter or timer expiry is needed.)

There might also be other exceptions to the last rule. For instance, a Packet Cell Change Order or a Packet Measurement Order message is not really related to the TBF that the mobile station is using. It could thus be discussed whether the mobile station should accept these messages, also during the contention resolution, if TLLI is used as the address. This is however not felt as very essential, because when the contention resolution is complete, the network should use TFI to address the mobile station. Before contention resolution is complete, the network might not be aware of the mobile station. In most cases, these messages would be sent on a PDCH that is used for the PCCCH and not for the TBF. The mobile station does then not receive them. The gain by putting this as a requirement on the mobile station would be very subtle.

The two rules that are outlined here are not very clear in the specification as it is. A clarification is thus required.

Sharing the same PDCH for PCCCH and uplink TBF

Problem

The network may send PCCCH blocks on the PDCH or one of the PDCHs allocated for an uplink TBF. During contention resolution, the network may not be aware of the protocol state of the mobile station and might thus send control messages on PCCCH, aiming for the mobile station in packet idle mode, which conflicts with the operation of the uplink TBF.

Proposed solution

Again, the proposed solution is that the mobile station, during contention resolution, shall not accept a control message that may be sent on PCCCH and that addresses the mobile station by TLLI.

In particular, this rule should apply to the Packet Downlink Assignment and the Packet Polling Request messages. When these messages are used on PCCCH and addressing the TLLI, they are typically used for the establishment of a downlink TBF, aiming at the mobile station in packet idle mode and thus not co-ordinated with the uplink TBF. The conflict is avoided by the proposed rule.

Completion of one-phase contention resolution without RLC acknowledgement

Problem

In some situations, there may be a need for the network to acknowledge the TLLI received from the mobile station, in order to complete the contention resolution, without acknowledging the RLC information as such. This situation may occur if the uplink TBF contains only one RLC data block and the network needs to complete the contention resolution in the mobile station, without necessarily releasing the uplink TBF.

Strictly according to the specification as it is, this is not possible. The RLC receiver is obliged 1) to acknowledge the RLC data blocks that were received and 2) to release the TBF when all of the RLC data blocks (including CV = 0 in the uplink case) have been received. However, during mobile station testing activities, Ericsson has noticed that some network manufacturers might use the protocol in this way.

Proposed solution

It is proposed that an “empty” Ack/Nack Description shall be allowed in the Packet Uplink Ack/Nack message for this purpose. The “empty” Ack/Nack Description is characterised by SSN = 0 and that all bit positions in RBB be set to “0”. If that is sent as part of the first Packet Uplink Ack/Nack message(s) associated with the TBF (that is, during contention resolution), it should be harmless to the mobile station. It should have no effect on V(B) and all of the RLC data blocks that were sent should remain in the PENDING_ACK state.

If this proposal is accepted, a clarification is needed to declare that the mobile station shall accept an “empty” Ack/Nack Description as a means to complete the one-phase contention resolution.

Conclusion

In order to ensure a consistent behaviour of mobile stations during contention resolution, it is proposed to introduce explicit rules in the specification:

1. Before the one-phase contention resolution is successfully completed, the mobile station shall not accept an RLC/MAC control message that addresses the mobile station by TFI alone. The mobile station shall neither respond to a polling request sent with the message, nor act on the message as such.

2. During the one-phase contention resolution, the mobile station shall not accept a Packet Downlink Assignment or a Packet Polling Request message that addresses the mobile station by TLLI. Neither need the mobile station to accept other RLC/MAC control messages that addresses the TLLI in this protocol state, except when a Packet Resource Request message has been sent during the EGPRS one-phase packet access. During the EGPRS one-phase packet access, the mobile station shall respond to a Packet Uplink Assignment message that is received in response to the Packet Resource Request message.

In addition, it is proposed that an “empty” Ack/Nack Description (i.e., FAI = 0, SSN = 0 and RBB == 0) shall be accepted by the mobile station at one-phase contention resolution. The reason for this is to enable the network to complete the contention resolution, without necessarily releasing the uplink TBF, in the case there is only one RLC data block to be transmitted.

