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1 Introduction

GERAN R4 will provide four different bearer types including one to support streaming applications. Although streaming services are not very delay sensitive a maximum delay has to be guaranteed. A streaming bearer will be used in acknowledged mode and erroneous PDUs are retransmitted. If the maximum delay is exceeded, i.e. a SDU has not arrived before the play out time, further (re-) transmissions of any of the belonging PDUs are useless. To save resources and to ensure the in-time delivery of following SDUs all corresponding PDUs should be removed from both transmitter and receiver window.

There is one solution which was presented at Adhoc #1 in Seattle [2] and refined at TSG GERAN #2 in Norrtälje. This solution will be explained briefly in this document. Furthermore, we propose a solution which is similar to the SDU discard mechanism standardised in UTRAN [1] and compare it with the first solution.

2 Brief description of the solution introduced  at the Adhoc meeting in Seattle [2] and refined at TSG GERAN #2 [3]
The actual SDU discard function is receiver driven. A requirement for this approach is to inform the receiver about the time an SDU was delivered to the transmitter RLC entity by the higher layer and about the maximum allowed delay. Therefore each SDU could be time-stamped. But that would increase the packet overhead drastically and is therefore not applicable. It was suggested to set a single bit (UTR – update time reference) in the RLC/MAC header of those PDUs being transmitted for the first time. If this bit is set the receiver uses the arrival time as new time reference. All following play out times are calculated  by assuming a fixed delay budget. 

“If an RLC block is not received at least one round trip delay, T, prior to the play out time, then its receipt status is set to ‘1’ (acknowledged). This means that it will be acknowledged the next time the receiver is polled for feedback and the transmitter will not attempt further recovery for the block. If the RLC block is not received by the play out time, the receiver RLC indicates a loss to the higher layer.”

3 Ericsson proposal

We think that the SDU discard mechanism as standardised for UTRAN is a well suited approach and should be used in GERAN with some modifications. This solution is described in [1] as follows:

9.7.3
SDU discard function

The SDU discard function allows to discharge RLC PDU from the buffer on the transmitter side, when the transmission of the RLC PDU does not success for a long time. The SDU discard function allows to avoid buffer overflow. There will be several alternative operation modes of the RLC SDU discard function, and which discard function to use will be given by the QoS requirements of the Radio Access Bearer. 

The following is a list of operation modes for the RLC SDU discard function.

Table 9.2: List of criteria's that control when to perform SDU discard

Operation mode
Presence

Timer based discard, with explicit signalling
Network controlled

Timer based discard, without explicit signalling
Network controlled

SDU discard after MaxDAT number of retransmissions
Network controlled

9.7.3.1
Timer based discard, with explicit signalling

This alternative uses a timer based triggering of SDU discard (Timer_Discard). This makes the SDU discard function insensitive to variations in the channel rate and provides means for exact definition of maximum delay. However, the SDU loss rate of the connection is increased as SDUs are discarded.

For every SDU received from a higher layer, timer monitoring of the transmission time of the SDU is started. If the transmission time exceeds a predefined value for a SDU in acknowledged mode RLC, this SDU is discarded in the transmitter and a Move Receiving Window (MRW) command is sent to the receiver so that AMD PDUs carrying that SDU are discarded in the receiver and the receiver window is updated accordingly. Note that when the concatenation function is active, PDUs carrying segments of other SDUs that have not timed out shall not be discarded. 

The MRW command is defined as a super-field in the RLC STATUS PDU (see subclause 9.2), and piggy backed to status information of transmissions in the opposite direction. If the MRW command has not been acknowledged by receiver, it will be retransmitted. Therefore, SDU discard variants requiring peer-to-peer signalling are only possible for full duplex connections.

9.7.3.2
Timer based discard, without explicit signalling

This alternative uses the same timer based trigger for SDU discard (Timer_Discard) as the one described in the subclause 9.7.3.1. The difference is that this discard method does not use any peer-to-peer signalling. This function is applied only for unacknowledged and transparent mode RLC and peer-to-peer signalling is never needed. The SDUs are simply discarded in the transmitter, once the transmission time is exceeded. 

9.7.3.3
SDU discard after MaxDAT number of retransmissions

This alternative uses the number of retransmissions as a trigger for SDU discard, and is therefore only applicable for acknowledged mode RLC. This makes the SDU discard function dependent of the channel rate. Also, this variant of the SDU discard function strives to keep the SDU loss rate constant for the connection, on the cost of a variable delay. SDU discard is triggered at the transmitter, and a MRW command is necessary to convey the discard information to the receiver, like in the timer based discard with explicit signalling.
It can be concluded that three different functions can be used. All of them are transmitter controlled, i.e. the transmitter decides if an SDU is too old and should be deleted. If the timer that has to be started for each SDU expires, all PDUs belonging to the SDU are removed from the transmitter window and a ‘Move Receiver Window’-Message (MRW) is sent to the receiver in case a PDU has a pending re-transmission. As soon as the receiver gets this message the window is moved to the specified position. This solutions solves the problems which are expected for the proposal presented in [2]. Since the transmitter knows the SDU arrival times as well as the allowed delay it can decide more precisely when to discard SDUs. 

The drawback of this solution is that a separate control message (MRW-message) has to be transmitted to initiate the move of the receiver window. This decreases the efficiency of the bandwidth utilisation.

It is for further study if there are other solutions like inband signalling which can incorporate the MRW functionality.

4 Conclusions

When talking about a streaming bearer we regard a couple of seconds as a typical maximum delivery delay i.e. the demands are very relaxed compared to that of a conversational service.

A delay of some seconds will typically not be reached by transmission delay only, even multiple re-transmission should not sum up to such a long delay. Only queuing delay experienced at the transmitter in cases where the bitrate provided by the radio link is lower than the required rate can contribute such long delays. In such conditions the receiver based scheme is not appropriate as the synchronisation between sender and receiver can not be guaranteed by the presented scheme. Additionally, the delay budget per SDU is no longer constant, but depends on the delay already experienced in the transmitter queue.

The situations where a limitation of the re-transmission might get necessary are supposed to occur very seldom. Thus, it is advisable to apply a signalling message to limit the re-transmission instead of reserving space in every RLC header.

Additionally, we regard it as beneficial to have common functionality in GERAN and UTRAN. Therefore, we propose to adopt the SDU discard function from UTRAN to realize a GERAN streaming bearer with limited re-transmissions. An inband solution for the SDU discard function is for further study.
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