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1 Introduction

A lot of contributions in the past have been dealing with channel coding and syntax of the Piggybacked Ack/Nack (PAN) reports, such as [1] if taking one from last meeting. However, not much has been said about the reporting strategy. With the term reporting strategy we mean when to send the reports, how to decide the size of the report and which errors that should be included in the PAN reports. One contribution can be found from GERAN#32 [2] touches the subject. However, the proposed mechanism is unnecessary complex and it is not possible to combine with the PAN signalling suggested in [1], since it requires the use of the RRBP fields.
In the DL, the reporting strategy can be left for implementation as it is in existing solutions, but in order to ensure a good performance and predictable the mobile station behaviour, parts of the PAN reporting strategy of the mobiles needs to be standardized. This is in existing standard ensured by the use of the polling method and different types of reporting content possibilities such as First Partial Bitmap [FPB] and Next Partial Bitmap [NPB]. For a mobile controlled event based reporting the level of standardisation of mobile stations behaviour needs to have a level ensuring as good performance as possible taking into account limitations in mobile station implementations and achievable gain of proposed solutions. Implementation specific enhancements should still be possible without compromising the standardised functionality and related performance. This needs to be considered during the specification work. 
In this contribution a reporting strategy is suggested that partly specifies the mobile behaviour but gives room for optional optimizations in the mobile implementation.  A few basic assumptions based on previous discussions in GERAN are detailed in Section 2 while Section 3 answers the question ‘When to send?’. In Section 4 the proposed content of a PAN in the context of bitmap (in each of the segments) are shown and discussed. 
2 Basic assumptions

A Piggyback Ack/Nack (PAN) report can only be included in a radio block containing a RLC data block. If there are no RLC data to be sent a PAN report can also be sent by creating a RLC block containing ‘UI LLC dummy block’ in UL (as already available in DL. The reasons to include the latter is shown and discussed below. It is also assumed that the event-based PAN report should include the error triggering the event since this is the error to report and enables a fast error reporting scheme). 
3 When to send a PAN
There are two different cases when the MS should send a PAN:  a) if a PAN poll has been received or if an erroneous transmission is detected. The following text shows it in a more detailed description:

Sending a PAN:
1. The mobile shall send a PAN if there is UL data to send at the next scheduled UL period, i.e. a matching USF is received, after a forced PAN poll has been received.. 
If there is no UL data, the mobile shall send either a legacy Packet ACK/NACK report or a RLC
 dummy-block with a PAN.

2. The mobile shall send a PAN if there is UL data to send at the next scheduled UL period, i.e. a matching USF is received, and an erroneous transmission has been detected. If there is no UL data, the mobile shall send either a legacy report or a RLC block containing dummy LLC data with a PAN.
NOTE: Obviously, it would be better if a legacy report is always sent when there is no UL data. This will be done if a decision of what to transmit at time ttr is taken at the point of time when the PAN needs to be assembled, [tas = ttr – MS reaction_time], and there is no data in the buffer at tas. However, using this implementation, data arriving after tas can not be transmitted at time ttr, and might be extra delayed. Therefore there might be terminal implementations where a PAN is assembled at tas regardless if there is data in the buffer or not, so that an uplink data block arriving later than time instant tas can still be sent with the PAN at time ttr, i.e. without any further delay. Since the MS did not compile a legacy report the MS should be allowed to use a dummy block with the PAN in the case when no data arrives in the buffer in time. There could of course also be mobile station implementations that can compile both a legacy report and a PAN report and could therefore transmit a legacy report if no data arrives. In total this gives support of three different implementation options in the end. 
Detection of erroneous events:
3. It is mandatory that the terminal detects an erroneous transmission if:
a. The header was correctly decoded (i.e. Header check sequence), but the data could not be decoded (i.e. Block check sequence is not OK). (The normal error event.)
b. A higher BSN than expected was received. (Out of sequence event.)
4. It is optional that the terminal detects a possible erroneous transmission if:
a. A retransmitted data block J is received that was requested later than the expected retransmission K. (Retransmission out of sequence event.) 
b. The retransmission did not arrive within the expected time frame. (Retransmission time-out event.) (The expected time frame is the RTT + some scheduling delay. The scheduling delay could be adjusted depending on number of outstanding retransmissions and number of available timeslots”) 
The two events 4a and 4b cover the special cases when there is a header error on a retransmission, or a PAN is lost. In most cases this is not needed, since the information would be covered by the bitmap when reporting other errors, and if not, the network should poll for the Ack/Nack in order to advance the transmission window. However, the mobile may implement it for extra robustness. 
Example (point 3): If BSN 3 arrives with correct header but corrupt data, a PAN with a NACK of BSN 3 is sent according to a. For the next block BSN 4 is expected. If BSN 4 arrives with corrupt header, no error is detected and BSN 4 is still expected. When BSN 5 arrives, an out of sequence event is therefore detected, and a PAN with a NACK of BSN 4 is sent. For the next block, BSN 6 is expected.

Example (point 4a): First transmission of BSN 1 was detected erroneous, and a first retransmission is requested. BSN 4 is also detected erroneous, and a first retransmission is requested. The first retransmission of BSN 1 is also received erroneous and a second retransmission is requested. The first retransmission of BSN 4 is received with a corrupt header, so no error is detected. However, when the second retransmission of BSN 1 is received, the mobile knows that this retransmission was requested after the retransmission of BSN 4, and a retransmission out of sequence event is detected.  

4 What the mobile should report in a PAN
For many delay critical services running Non-Persistent Mode (NPM), it will be possible to report all outstanding errors within the transmission window, and for many acknowledged services, most reporting strategies will ensure sufficient good performance. However, with several active TBFs, high bitrates, and/or sparse UL scheduling, the reporting strategy will be critical in order to reach good channel performance.
In order to keep the delay and jitter at a minimum, it is required that a transmission error is reported as soon as possible after it is detected [3, 4, 5]. Unreported transmission errors should therefore have high priority, and if there are transmission errors that belong to different TBFs, then TBFs in non-persistent mode and having the lowest transfer time requirement should be prioritized. 
In order to make the transmission robust to header errors or PAN transmission errors, previously reported errors should be repeated whenever there is space in a PAN. For TBFs in acknowledged mode, outstanding radio blocks in the beginning of the transmission window should be prioritized in order to avoid stalling.

The part of the transmission window that is reported when a (forced) PAN poll was received should be deterministic and not a function of recent RLC-block transmissions. One possible method would be to use a modification of the NPB reporting scheme. However, that is considered to be overly complex and not useful in order to avoid stalling, and a much simpler scheme is suggested here where a FPB is reported.      
The radio blocks that shall be covered by the PAN is decided following this priority order (the scheme show a general case where multiple TBFs have been set-up since it is assumed that it is possible to report two TBFs in one PAN by using two segments [6]):

1. TBFs that has received a (forced) PAN poll
· The beginning of the receiving window shall be covered by the PAN. (lowest BSN).
2. Unreported transmission errors of TBFs in non-persistent mode
· The TBF with lowest delay requirements (NPM transfer time) has highest priority.
· Unreported errors with lowest BSN first.  
3. Unreported transmission errors of TBFs in acknowledged mode
· Unreported errors with lowest BSN first. (Limits stalling.)
4. Other outstanding data blocks within the receiving window of TBFs in non-persistent mode
· TBF with lowest delay requirements (NPM transfer time) first.
· Data blocks with lowest BSN first.
5. Other outstanding data blocks of TBFs in acknowledged mode
· Data blocks with lowest BSN first. (Avoids stalling.)
To summarise, the PAN poll has highest priority followed by unreported errors (where the NPM RLC mode TBF has highest priority and the Acknowledged RLC mode TBF second priority) and then other errors if no unreported errors are available.   

If there are several PAN sizes available, the PAN shall be sufficiently large so that all errors of priority class 1-3 are reported. If that is not possible with available PAN sizes and segments, and there are still unreported errors, a PAN shall also be included next time the MS is USF scheduled. The MS may use a larger size than necessary in order to also report errors of priority level 4 and 5.

5 Summary and proposal

It is suggested that the proposals of the reporting strategy for specifying mobile station behaviour, as outlined in Sections 3 and 4, are used as the basis for further CRs to stage 2 and stage 3 specifications with regard to introducing fast Ack/Nack (see [3, 4, 5] for performance evaluations of the strategies). 
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� See section 2 and the note below.





