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GERAN evolution – Proposed text on improved Ack/Nack reporting for the chapter on latency enhancements 
1 Introduction

Latency improvement enhancements [1,2,4] have been proposed and discussed at previous GERAN meetings and the evolution ad-hoc meeting [3]. The Ack/Nack part of the contribution [4] to GERAN#25 was considered to require more details before inclusion in the technical report.  

This document gives more insight of the proposal on the Ack/Nack part and is suggested to be included in the latency enhancement chapter of the feasibility study report [5]. It proposes an introductory chapter introducing the two different concepts, i.e. the improved Ack/Nack reporting and the reduced TTI. In order to incorporate the changes it is needed to renumber the existing chapter dealing with the reduced TTI. The changes are detailed below.
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Proposed text for chapter on latency enhancements:

10
Latency enhancements

10.1 Introduction

Two different enhancements are studied and evaluated:

· Improved ACK/NACK reporting 

· Reduced transmission time interval (TTI)

The enhancements reduce overall latency and have a second order effect on mean/average and peak bit rates as reduced latency (i.e. lowering the round trip time) may provide better throughput if the bit rate on the link becomes so high that the maximum buffer window size limits the transmission rate.

The improved ACK/NACK reporting mainly provides reduced latency in loaded conditions, as the number of re-transmissions is almost zero in ideal conditions. The reduced TTI takes effect in both loaded and non-loaded conditions.

10.2 
Improved ACK/NACK reporting 

10.2.1 Concept description

10.2.1.1
Event based RLC ACK/NACK reports

Currently, the RLC/MAC ACK/NACK reporting is a time consuming procedure. This is especially true for downlink transfers. The procedure for DL transfers is that the BSS periodically (RRBP) polls the mobile for ACK/NACK reports. Considering the periodicity for the polling, it is realistic that it takes in the order of 150 to 250 ms from an RLC block is considered lost in the MS until the PCU realises it. This is a large problem especially considering delay sensitive applications such as Push-To-Talk over Cellular (PoC) and Voice over IP (VoIP). Consider also that in RLC Acknowledged mode the LLC layer in the receiver applies “in-order-delivery” to upper layers, which means that a single lost RLC data block will delay all consecutive LLC packets until this RLC data block has been successfully transmitted. A high-level example of the procedure is shown in Figure 1 assuming a regular poll at every 12th RLC block.
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Figure 1:  The principle of ARQ handling of DL RLC/MAC data block transmission assuming a poll every 12th RLC data block. 

“RRBP poll” in this context means a BSS ordered periodic poll for DL ACK/NACK from the MS. “USF scheduling” is the procedure for BSS to allow a specific MS to send data uplink on the specified UL channel. 

Two methods to improve ACK/NACK reporting are:
· Event based RLC ACK/NACK reports

· Downlink ACK/NACK in uplink data 

Those are detailed in next sub-chapters.

It is also possible to reduce the delay for the regular polling method. The scheduling of the “RRBP poll” can set a lowest possible value for an answer to 13 TDMA frames after the start of the reception. This could be lowered to 4 or 5 frames instead with a possible reduction of the delay of around 40 milliseconds. 

10.2.1.2
Event based RLC ACK/NACK reports

A different approach to the periodic polls from the BSS would be that when the receiver (MS) realises that a RLC data block is missing – from BSN sequence out of order or, in the EGPRS case, when the BSN is successfully decoded but the RLC data is not – it could report this to the BSS without waiting for a regular poll. The “event” is occurring when the mobile station discovers a missing/erroneous RLC block. To avoid collisions on the shared UL physical channel(s) the event based ACK/NACK would have to be scheduled by BSS, and thus sent as a response to an USF scheduling. To let the BSS still have control over the balance between payload and ACK/NACKs in the UL direction, it may be desired that the BSS still control the mobile station usage also if the MS will be using the USF method. This can be done for example by setting a maximum ratio between ACK/NACK and payload, and/or set how many RLC data blocks that shall be missing before an event based DL ACK/NACK is sent. This would let the BSS dynamically control the DL ACK/NACK reporting depending on what is currently the main payload direction and also considering QoS requirements. In addition, by using USF scheduling the BSS would also have control over multiplexing of different users versus DL ACK/NACK reporting. Figure 2 gives an example of a possible event based ACK/NACK protocol sequence.
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Figure 2:  The principle of event based ARQ handling of DL RLC data block transmission including a regular poll defined to occur at every 12th RLC data block transmission.

The regular poll is still expected to be needed even when using the event based ACK/NACK procedure, e.g. because there could be no or very few errors and the network could need ACKs, “I’m alive function”, and performance feedback, but it could be sent less often and not be dependent on neither #errors nor QoS requirements. It is assumed that the event based ACK/NACK uses the same message as the answer to the regular poll, i.e. the Packet Downlink ACK/NACK. Since the response from the mobile station contains enough information, the network side knows when the ACK/NACK message was constructed and sent, the BSS RLC/MAC scheduling can avoid any duplicated re-transmission despite that the same error may be reported twice before retransmitted on the first occasion, e.g. reported by both the regular RRBP poll and the event based method. 

It is assumed that an UL TBF exists. Typically this is true in many use cases (together with Extended UL TBF). If an UL TBF does not exist a “TBF/USF” could be established for the ACK/NACK procedure or the conventional polling need to be used.

10.2.1.3 
ACK/NACK in Uplink Data

There are spare bits in the RLC/MAC header for EGPRS uplink data blocks. These could be used for ACK/NACK blocks for the DL TBF. The method should be event based as described in chapter 10.2.1.2, which means that the bits shall be used only if there are lost blocks. Since there are very little room for sending BSN, the exact meaning of the bits needs to be defined.

The advantages with this method may be:

· Immediate NACK of lost RLC block possible -> low latency

· No reduction of uplink capacity

This method should be regarded as a complement to the method described in chapter 10.2.1.2.

10.2.1.4   Possible usage

A possible use of the improved ACK/NACK procedures is:

UL TBF exist:

· If UL data is sent ( use the “ACK/NACK in uplink data” mechanism

· If UL data is not sent ( use the Packet Downlink Ack/Nack message as a response to a USF

UL TBF does not exist:

· The normal poll mechanism, i.e. use the Packet Downlink Ack/Nack message as a response to a “RRBP poll”

10.2.1 Modelling assumptions and requirements

10.2.2 Performance characterization

10.2.3 Impacts to the mobile station

The mobile station needs be able to schedule and send event based ACK/NACK.

10.2.4 Impacts to the BSS

The PCU needs to be updated to handle new ACK/NACK scheme. Reuse of existing signalling messages except for the case using ACK/NACK in uplink data. No impacts to the BTS. Potentially some new parameter setting ACK/NACK reporting constraints need to be signalled to the Mobile station

10.2.5 Impacts to the Core Network

No impacts.

10.2.6 Impacts to the specifications

The impacted 3GPP specifications are listed in Table 1.

Table 1: Impacted 3GPP specifications.

	Specification
	Description
	Comments

	43.064
	 GPRS Stage 2
	

	44.060
	 Radio Link Control / Medium Access Control (RLC/MAC) protocol
	


10.2.7 Open issues

- Definition of the spare bits in the UL RLC/MAC header to report erroneous/missing blocks in DL (including aspects of multiple TBF handling) 

10.3 
Reduced transmission time interval (OLD chapter 10.1)
<Text as found in chapter 10.1 of existing report is included here> 
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