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Event based Ack/Nack reporting
1 Introduction

There have been several proposals of improved Ack/Nack reporting schemes presented in GERAN [1-5]. This report aims at clarify and improve the proposal given in the Ericsson contribution “Geran Evolution - Fast Ack/Nack reporting in UL and DL” [3].

2 What is event based Ack/Nack reporting

Event based Ack/Nack reporting is used in order to minimize the Ack/Nack reporting delay while keeping the overhead at a minimum. The idea is to only send Ack/Nack reports after some specific events and enable shorter Ack/Nack reports to be piggy-backed on EGPRS RLC data blocks. It is not anticipated that piggy-backing on RLC/MAC control blocks would be needed. The legacy Ack/Nack method mandates that an Ack/Nack report is send when the mobile station is polled. For downlink reporting the events are left for system implementation and will not be further pursued in this paper. However, the uplink reporting should be standardized in order to achieve a predictable behaviour of different mobile station implementations. It is suggested that the mobile behaviour is controlled by the network, utilising the already known polling principle and introducing two Ack/Nack reporting states, denoted passive reporting and active reporting. When a mobile station is in passive reporting state it will always be scheduled by the network when to send a short or legacy Ack/Nack report. The mobile station cannot decide to send an Ack/Nack report by its own (unless there is spare capacity left in the radio block). In the active reporting state the mobile station gets permission from the network to send Ack/Nack reports when certain conditions are in place (see below), irrespective if there are space left in the radio block. Hence, the mobile station can send an Ack/Nack report when it needs to do it (and being USF scheduled). To compare with the legacy polling method a TBF (and USF) is needed for the event based method enhancements. 
To further understand what constitutes an event it is assumed that the mobile station detects that a RLC data block is missing if a BSN with a higher value than expected is received or if the header is decoded correctly while the data payload is not.
The following additional guiding principles have been assumed:
· The network should be able to force a reporting irrespective of an event has taken place or not. Among the reasons are a heart-beat (I’m alive) functionality in case of no or very few errors on the link (the legacy polling may also be used to achieve such a functionality) or to obtain a better reliability of the Ack/Nack reporting in sever channel conditions. 

· The legacy reporting should still be supported as well.
The conditions when an Ack/Nack report may/shall be sent are detailed below
:  
1. The mobile shall send a short or legacy Ack/Nack report if a forced poll
  is received from the network.
· The report shall be sent in the time slot specified by RRBP.
· If there are UL data to send, a short report shall be piggy-backed.

· If there is no data to send, a legacy report shall be sent.

2. The mobile shall send a short or a legacy Ack/Nack report if there are missing RLC data blocks that have not been reported before, and an event based poll
 is received.
· The report shall be sent in the time slot specified by RRBP. 
· If there are UL data to send, a short Ack/Nack report shall be piggy-backed to the RLC data block.

· If there is no UL data to send, a legacy report shall be sent instead. 
· If a re-transmitted radio block is again not received correctly, it shall be reported missing again.
3. The mobile may send a short Ack/Nack report if there is extra space in a radio block, and the mobile is USF scheduled. 

· There is extra space if there is not enough data in the transmission buffer to fill the radio block, and a lower MCS is not to be used (implementation dependent choice).

· The space must be large enough to have room for the short Ack/Nack report.

4. If the mobile station is in active reporting state, the mobile shall send an Ack/Nack report if there are missing data blocks that have not been reported before. 

· If there is UL data to send, the short report shall be sent in the time slot specified by the USF. 

· If there is no UL data to send, a legacy report shall be sent in the time slot specified by the USF 
· If a re-transmitted radio block is again not received correctly, it shall be reported missing again.

It can be noted that the alternative to include an event based poll in every downlink data block is very similar to the alternative to set the mobile in active reporting state and avoid continuously polling. However, there are some differences. When the mobile station is polled, the mobile station needs to prepare full legacy reports after each poll. Also, a mobile in active reporting state is allowed to send the Ack/Nack report as soon as possible when USF scheduled, and is not restricted by the RRBP value. Note that RRBP is only one bit, since the other bit is used to notify that there is an Ack/Nack report piggybacked in the downlink, see [1,3]. 
It is assumed that scheduling of new RLC data blocks and re-transmission of missing RLC data blocks complies with the requirements on response times (e.g. as defined in TS 45.010). 
Figure 1 shows a state transition diagram how the event-based and conventional polling works together with the two suggested mobile stations reporting states: active reporting and passive reporting. 
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Figure 1: The state transition diagram for the whole Ack/Nack concept including the legacy reporting. The (re-)definition of the ES/P and RRBP values are defined in Table 1, in Section 3.
2.1 Examples of usage of Ack/Nack state and polls.

In this section, some examples are given of how the poll and mobile states can be used for different bearers.

· Conversational bearer

· The mobile is set in active reporting state, and USF scheduled on the uplink at least every 40 ms in order to minimize Ack/Nack reporting delay. 

· In the case when the UL channel is very bad, and many Ack/Nack reports are lost, a forced poll is sent every 20 ms. (This will ensure that duplicate Ack/Nack reports are sent for increased robustness.)

· At every 500 ms a legacy poll for a measurement report is sent.

· Interactive bearer with constant traffic in both directions: 

· The mobile is set in passive reporting state in order to minimize overhead.

· Every 60 ms a event based poll is sent. Thus every error is reported within 60 ms.

· If the amount of unacknowledged data is large, a forced poll is sent. (This will guarantee that the transmission window is not overrun even if there are no DL block errors to report.)

· At every 500 ms a legacy poll for a measurement report is sent.

· Interactive bearer with little traffic in UL. (e.g. only TCP-acknowledgements): 

· The mobile is set in active reporting state, but is sparsely USF scheduled on the UL. (All UL radio blocks may be used for Ack/Nack reporting.)

· If the amount of unacknowledged data is large, a forced poll is sent. (This will guarantee that the transmission window is not overrun even if there are no DL block errors to report.)

3 Signalling of Ack/Nack Poll and Ack/Nack states 
In [2, 3] it was described how the ES/P fields could be used to poll for both legacy measurement reports and piggybacked reports. In this chapter the method is further described, and signalling for the Ack/Nack reporting state is introduced.

When a mobile is polled (The ES/P field is set in a downlink data block.), both a legacy report and an uplink data block is prepared. If the USF flag is set to ‘Reserved’ for the timeslot specified by the RRBP field, the legacy report is sent, and if the mobile is scheduled through the USF flag, the uplink data block is sent. The value of the ES/P field defines what kind of poll it is.
When the mobile is not polled, (ES/P=00), the RRBP field is not valid with legacy reporting. It is therefore available, and can be used to set the Ack/Nack reporting state of the mobile. In Table 1 the signalling settings are specified. Note that it assumes one bit for the RRBP field as proposed in [2, 3].
Table 1 Polling for Ack/Nack reporting in UL. ES/P and RRBP are set in a DL radio block addressed to the user.

	ES/P
	RRBP
	USF for the UL TDMA frame  given by RRBP
	Action of mobile 

	00
	0
	-
	Ack/Nack passive reporting state

	00
	1
	-
	Ack/Nack active reporting state

	01
	Valid
	Own
	Event based poll –If errors, send short Ack/Nack report in timeslot specified by RRBP.

	10
	Valid
	Own
	Forced poll – Send short Ack/Nack report in time slot specified by RRBP.

	11
	Valid
	Own
	Not used

	01
	Valid
	Reserved
	Send legacy report (Extended Ack/Nack bitmap type FPB) in time slot specified by RRBP.

	10
	Valid
	Reserved
	Send legacy report (Extended Ack/Nack bitmap type NPB) in time slot specified by RRBP..

	11
	Valid
	Reserved
	Send legacy report (Extended Ack/Nack bitmap type NPB, measurement report included) in time slot specified by RRBP.


4 Conclusion

This contribution has given further clarifications to the concept of event-based Ack/Nack reporting with focus on the UL reporting (Ack/Nack sent in UL direction). It has also shown how the concept can work for different bearers/services and how it interacts with the legacy Ack/Nack reporting scheme. It is suggested that this is included in the feasibility report.  
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� Note that it worth noting again that it is assumed that an USF have been allocated to the mobile station in all of the cases and that the mobile station is scheduled at the time where an event based Ack/Nack report is to be sent as opposite to the existing polling mechanism that uses only RRBP with an reserved USF


� Reason to include this case follows by the additional guiding principles described above.


� This is the regular event-based poll where the conditions to report are defined in the sub-bullets. 
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