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Improved Ack/Nack reporting in UL
1 The introduction

There have been several proposals of improved Ack/Nack reporting schemes presented in GERAN [1-6]. This is an update of the contribution [6], which clarified the proposal for improved Ack/Nack reporting schemes given in the Ericsson contribution “GERAN Evolution - Fast Ack/Nack reporting in UL and DL” [3].
The contribution [6] suggested a signalling scheme for polling of fast Ack/Nack reports and legacy Ack/Nack reports. With that scheme, the full legacy polling procedure was available, combined with signaling of Ack/Nack poll. 

A drawback of that method was that the signaling (and hence the related response) is split between the poll (RRBP-based) and the USF flag. When the poll arrives, the mobile must prepare both a legacy Ack/Nack report and an uplink data block (if available) that includes an shorter Ack/Nack report, and decide what to send once (or if) it can read the USF flag for the block transmission time specified by the poll. 

In this proposal a revised fast Ack/Nack scheme is depicted in section 2. In section 3 it is shown how the signalling of polling information required for sending a fast Ack/Nack report can be done through the use of ES/P and RRBP fields by limiting the number of legacy polls to two when fast Ack/Nack reporting is configured for the TBF.
2 The revised Fast Ack/Nack reporting scheme
The basics behind the fast Ack/Nack reporting were described already in [6] and will not be repeated here. In order to reduce the complexity and ease implementation without sacrificing the possibilities, the revised scheme defines three different network poll-events that specify the conditions for which a fast Ack/Nack report shall be sent. The proposed RLC block parameter settings used by the network to signal these three new poll-events are described in section 3. 
The following guiding principles have been assumed for fast Ack/Nack reporting:
· The network should be able to force a reporting irrespective of whether 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 severe channel conditions. 

· The network should be able to force that an error event is reported several times, in order to increase the robustness to transmission errors.

· The legacy reporting should still be supported as well.
It is further assumed that when sending a fast Ack/Nack report:

· The mobile shall send the fast Ack/Nack report next time the mobile is USF scheduled
 
· If there is UL data to send, an Ack/Nack report shall be piggy-backed on an RLC data block
· If there is no UL data to send, a legacy Ack/Nack report shall be sent

· The fast Ack/Nack report shall cover all missing radio blocks within the receiving/transmission window up to and including the TDMA radio block where the poll was received. 
A fast Ack/Nack report shall be sent at the following events
:
1. A forced poll
  is received from the network. 
2. A Nack poll
 is received from the network and there are missing RLC data blocks that may or may not have been reported before.

· The mobile station decides 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 and it is within the receiving/transmission window
3. An event based poll
 is received from the network and there are missing RLC data blocks that have not been reported before.
· The mobile station decides 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 and it is within the receiving/transmission window

· If a re-transmission of an RLC data block is detected to be lost, i.e. the header is readable but not the data payload, the RLC data block shall be reported missing again 
It may also be possible to include a reporting option in addition to the above mandatory polling mechanisms by which the MS may decide to include a piggy-backed Ack/Nack report without being polled. This option can be disabled by the network during TBF set-up. The rules for the MS when to transmit are:
· A fast Ack/Nack report may only be piggy-backed when there is extra space in an uplink radio block, and the mobile is USF scheduled (i.e. without being polled)
· 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 Ack/Nack report. If not enough space, no report can be sent.
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). 
2.1 Examples of usage of Ack/Nack polls

In this section, some examples are given of how the polls can be used for different bearers.

· Conversational bearer

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

· An event based poll is included in every downlink radio block.

· In the case when the UL channel is very bad, and there are many header errors, a Nack poll is sent in every downlink radio block with downlink data. (This will ensure that an error is reported repeatedly until correctly received, giving increased robustness.)

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

· Interactive bearer with constant traffic in both directions: 

· Every 60 ms an 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): 

· An event based poll is included in every downlink radio block, but the mobile 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 The signalling of network poll-events 
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.

In Table 1 the signalling settings are specified. Note that it assumes one bit for the RRBP field as proposed in [3].
The ES/P field indicates if a network poll is a legacy poll or an Ack/Nack poll, so there is no need to prepare both a legacy report and an uplink data block, as in the proposal [6]. When there is a legacy poll (the ES/P field is 10 or 11) the legacy report is sent in the timeslot specified by RRBP. In the case of an Ack/Nack poll, the ES/P field combined with the RRBP field specifies the nature of the poll, and the Ack/Nack information is piggybacked on next UL data block, which is sent next time the mobile is USF scheduled.
The drawback of this signaling scheme compared to the proposal in [6] is that it is not possible to signal the three different legacy polls, so one of the legacy alternatives has to be removed. The polls FPB and NPB bitmaps are only needed when the RTT is very large and the mobile is scheduled on a large number of timeslots. Since the RTT is low in the event-based reporting cases, the need for these options is considered small. In [7] it can be seen that the performance is best with the NPB bitmap if only one is used. In MBMS, the use for the FPB and NPB alternatives is larger, so the fast Ack/Nack reports should not be used for MBMS if this signaling scheme is used. However, since the expected gain from the feature is minimal for MBMS, that limitation should be acceptable.

Table 1. Polling for fast Ack/Nack reporting in UL. ES/P and RRBP are set in a DL radio block addressed to the user.

	ES/P
	RRBP
	Action of mobile 

	00
	0
	None

	00
	1
	Event based poll –If new errors, send fast Ack/Nack report as soon as USF scheduled.

	01
	0
	Nack poll –If errors, send fast Ack/Nack report as soon as USF scheduled.

	01
	1
	Forced poll – Send fast Ack/Nack report as soon as USF scheduled.

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

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


4 The conclusion

This contribution has given further clarifications to the concept of fastAck/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 to be further captured in 3GPP TSs 43.064 and 44.060.  
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� The response time from that the event is detected until the Ack/Nack report shall be ready for transmission is FFS. 


� Note that it is assumed that an USF have been allocated to the mobile station when used in a fast Ack/Nack reporting configuration and that the mobile station is USF scheduled at the time as opposite to the existing polling mechanism that uses only RRBP with an reserved USF. The latter could be used as well for the same TBF but with limited capabilities compared to the existing legacy signalling.


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


� This poll improves the robustness in bad channel environments without extra overhead in error free transmission. 


� This is the regular event-based poll. 
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