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Interoperability Issues associated with the Packet PSI (SI) Status Feature

1. Introduction

This contribution discusses open issues related to the Request for acquisition of system information procedure (see 44.060 Section 5.5.1.4.2) and the associated Packet PSI (SI) Status / Packet Serving Cell Data message exchange between the mobile station and the network.

It is argued that the issues presented in this contribution will, if not solved, prevent interoperability between network and terminal equipment from different manufacturers and the operation of both Packet PSI (SI) Status and NACC.

2. Discussion

From the specification of the Packet PSI (SI) Status feature in 44.060, it does not appear to be entirely clear how a network should generate the Packet Serving Cell Data messages. This allows for different implementations which could lead to the situation where there are interoperability problems between valid mobile and network implementations.

2.1. Construction of PSI (SI) Status Message by the MS

The Packet PSI (SI) Status message is used to contain all the messages of interest to the mobile, as opposed to indicating in the Received PSI (SI) Message List (see 44.060 section 11.2.17) just those PSIs (SIs) messages not yet received. Therefore, subsequent retransmissions of the Packet PSI (SI) Status message (up to a maximum of four) will contain the same list of received PSI (SI) messages. According to the rules in 11.2.17 of 44.060, the list might be incomplete due to lack of room in the message.

Nevertheless, the contents of subsequent Packet PSI Status messages sent by an MS may differ because of the information contained in PSCD messages received by the MS between the transmission of the two Packet PSI (SI) Status messages.

2.2. Construction of Packet Serving Cell Data (PSCD) Messages by the Network
The following items appear to be not completely clear in 44.060 (see Sections 5.5.2.1.3 and 11.2.17a):

· How the network will make use of the CONTAINER_INDEX defined for the Packet Serving Cell Data (PSCD) message (Section 11.2.17a of 44.060).

· Whether or not the network will react (by tailoring the PSCD messages) to the reception of a subsequent Packet PSI (SI) Status message sent by an MS with updated information (e.g. because some PSI/SI messages have been successfully received by the MS between the two transmissions of a Packet PSI/SI Status message).

· If the network will react, how this will be done.

As a result, the following network implementations are possible:

· (Net-A) Network builds a static set of PSCD message instances for each MS with the first Packet PSI Status message sent by the mobile.

· (Net-B) Network builds a static set of PSCD message instances for all the mobiles in the cell supporting Packet PSI (SI) Status feature.

· (Net-C) Network builds the PSCD set for each MS and does it dynamically based on each received instance of the Packet PSI (SI) Status message. Upon reception of a new Packet PSI (SI) Status message from a mobile, the network builds a new set of PSCD message instances using just the required PSI/SI elements; the first instance of the PSCD set will have the CONTAINER_INDEX set to 00000).

Options (Net-A) and (Net-B) are similar to the usage of the CONTAINER_INDEX defined in Section 11.2.9e of 44.060 for the Packet Neighbour Cell Data message, where it is said that "the CONTAINER_INDEX contains the message index within a complete set of neighbour cell system information for a certain cell".

It can also be argued that Option (Net-B) is more inefficient than Option (Net-A) as it forces all the mobiles to decode the maximum amount of system information.

Option (Net-C) would be the most efficient in terms of both time required by the MS to decode the full set of PBCCH/BCCH system information and network capacity.

2.3. Interoperability Issue

Whatever the network behaviour regarding PSCD is (see the previous section), a potential interoperability issue arises in the following scenario:

1. The MS resends a Packet PSI (SI) Status message and a PSI (SI) message that was segmented over multiple instances of the PSCD message has been only partially received. Let us assume that the last PSCD instance associated with the partially received PSI (SI) message (having therefore the CD_LENGTH value set to ‘11111’) had a CONTAINER_INDEX = n.

2. After resending the Packet PSI (SI) Status message, a new PSCD message is received with CONTAINER_INDEX = (n+1)

In this scenario, the right mobile behaviour can only be defined in terms on the behaviour of the network with which it interoperates. More specifically, the mobile may:

· (MS-A) process the received PSCD message with CONTAINER_INDEX=(n+1) as the continuation of the PSCD message with CONTAINER_INDEX=n (received prior to the retransmission of the Packet PSI/SI Status). Alternatively,

· (MS-B) the MS may discard all partially received PSI (SI) elements and wait for full retransmission in the PSCD message instance set of the partially received PSI (SI) elements. In this case, the MS will attempt the decoding of the PSCD message with CONTAINER_INDEX  = n+1 without assuming that it completes/continues a prior PSCD message with CONTAINER_INDEX=n

The network behaviours (Net-A) or (Net-B) described in Section 2.2 imply that a right MS behaviour would be (MS-A). On the contrary, if the network behaviour is (Net-C) as per Section 2.2 then the correct MS behaviour would be (MS-B). Unfortunately and according to the current 44.060 specification, there is no way to guarantee what the network behaviour will be and therefore, how the MS can interoperate with all possible network implementations.

Furthermore and in a more general scenario, mobiles assuming that the network builds and sends a static set of PSCD messages (unchanged after repetitions of the Packet PSI/SI Status message) will not work with networks that build a new list for each received PACKET PSI STATUS message, resetting the CONTAINER_INDEX to zero and containing only the newly requested PSI (SI) messages. 

In this context, the MS expecting a static set of PSCD messages is likely to erroneously discard a useful PSCD instance based on a CONTAINER_INDEX value that has been previously received and make errors assembling PSI (SI) messages that are conveyed in multiple instances of the PSCD message.

3. Way forward

3.1. Proposed solutions for Releases 4 and 5

A possible way forward for this interoperability problem in frozen releases of the standard may consist of imposing two new requirements on the MS:

1. After resending a Packet PSI (SI) Status message, the MS shall not combine “old” PSCD message instances (received before resending the Packet PSI /SI Status) and “new” PSCD message instances (received after the retransmission of the Packet PSI/SI Status) to assemble missing PSI (SI) messages.

2. After resending a Packet PSI (SI) Status message, the MS shall not disregard received PSCD message instances based exclusively on a CONTAINER_INDEX value that has been previously received.

Under these assumptions, both static and dynamic network versions of the PSCD message set become possible. It could possibly be argued that this solution would likely minimize the impact on existing implementations by restricting the impact to the mobile station side.

An alternative proposal would consist of explicitly mandating a static network approach for the construction of the PSCD message instance set. In this case, the CONTAINER_INDEX in the PSCD would be endorsed with an analogous definition as the CONTAINER_INDEX in the Packet Neighbour Cell Data (PNCD) message. The CONTAINER_INDEX field in the PSCD message would therefore contain the message index within a complete set of system information within the serving cell.

The drawbacks of the latter solution are twofold: 

1. A lower efficiency in terms of delay to decode a full set of system information and bandwidth efficiency.

2. It potentially impacts both network and mobile station sides.

3.2. Proposed solution for Release 6

The bandwidth savings associated with the dynamic construction of the PSCD message set (Net-C) in Section 2.2 may justify its mandatory character for Release 6.

If this solution is standardized, it would be useful to include a unique change mark for each series of PSCD message instances built after the reception of a Packet PSI (SI) Status. Knowing that only 4 different change mark values are needed (the MS is allowed to send a maximum of four instances of the Packet PSI /SI Status message), two of the four spare bits in the PSCD message could be used.

The inclusion of a change mark would eliminate all potential problems associated with the race conditions (see figure below) derived from transmission delays of Packet PSI (SI) Status and PSCD messages.
















If a change mark is not introduced, the occurrence of the race condition illustrated in the figure above can be reduced by increasing the value of the retransmission timer associated with the Packet PSI (SI) Status message.

Finally, it should also be subject of further discussion the interest of sending the PSI message instances within PACCH blocks instead of using PACKET SERVING CELL DATA message instances (which requires segmentation of the PSI messages), as:

· It makes segmentation unnecessary.

· The PSI messages are distribution messages, which gives benefits in the case where several mobiles are receiving on the same PDTCH. This includes pre-release 4 mobiles, which would also be able to read the transmitted PSI messages

4. Conclusion

This contribution has described a potential interoperability problem associated with the Request for acquisition of system information procedure, based on the exchange of Packet PSI (SI) Status and PSCD messages between respectively MS and network.

An MS-based way forward has been proposed for Releases 4 and 5. This solution consists of preventing the MS from:

a) Combining PSCD messages received before and after retransmitting a Packet PSI (SI) Status message to obtain missing PSI (SI) information elements.

b) After resending the Packet PSI (SI) Status message, disregarding PSCD message instances solely because the same CONTAINER_INDEX value has already been received prior to the retransmission of the Packet PSI (SI) Status message.

For Release 6, it has been proposed to standardize the dynamic construction of the PSCD message set after every received instance of the Packet PSI (SI) Status message and to include a change mark in the PSCD message using two of the four spare bits of the packet.

CRs on the different impacted releases of 44.060 specification have been submitted introducing the proposed changes (GP-040393, GP-040394, GP-040395 and GP-040396).
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