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GERAN evolution – Fast Ack/Nack reporting in UL and DL
1 Introduction
There are several proposals of Ack/Nack enhancements in the Feasibility study for evolved GSM/EDGE Radio Access Network [1]. The additions aim at improving the radio resource utilisation by e.g. adding piggybacking of Ack/Nack data and to enable shorter Ack/Nack reporting round-trip-time (RTT). At present, the report contains descriptions of event-based reporting (only send Ack/Nack data when a change of Ack/Nack status has occurred), piggybacking Ack/Nack reports in Radio Link Control (RLC) data blocks in the uplink (UL) direction, and reducing the MS reaction time. Almost all building blocks are available in order to build an improved Ack/Nack reporting concept for Rel-7 and onwards. What is missing is piggybacking in the downlink direction. 

This document describes a way to piggyback Ack/Nack reports to the downlink RLC data blocks in addition to the piggybacking on the UL. It also describes the content of a short (piggybacked) Ack/Nack report that is based on Block Sequence Number (BSN) as a reference for reporting the received RLC data blocks as opposed to the method described in the feasibility study report [1] which utilises a time synchronisation event between sender and receiver. 
2 Short Ack/Nack report in an RLC data block

There are two ways how to construct a short Ack/Nack report. It could:
1. Be based on time, i.e. the sending and receiving end-points are time synchronised. The Ack/Nack of an RLC data block would then be referenced from a certain known event. This enables use of one bit to indicate if the RLC data block was an Ack or a Nack.

2. Be based on sequence numbers, i.e. asynchronous mode between the sending and receiving end-points. The sequence numbers are used as the basis for reporting (this method is e.g. used in the existing (legacy) Ack/Nack reporting mechanism).
Option 1 is described in [1] for the concept of fast reporting of DL RLC data blocks. Depending on the size of the bitmap this method would limit the possible RLC data blocks that can be reported since the BSNs in the bitmap are always advanced by time and not if they are correctly received. It also requires that sender and receiver are time synchronised. In order to facilitate Ack/Nack reporting of blocks falling outside of the window of the short bitmap the legacy, full packet uplink Ack/Nack reporting scheme is necessary to be used, maybe even as often as in today’s deployments. There is also a need to change the channel coding of the RLC data blocks to accommodate the short bitmap when incremental redundancy is used as the blocks that are Ack/Nack reported are never the same.
Option 2 does not need to have a pre-known event for synchronisation of sender and receiver, and Ack/Nack data of all radio blocks in the transmission buffer can be reported. The Ack/Nack transmission interval can therefore be adapted based on many different events, such as arrival of erroneous radio blocks, space in uplink or downlink data block or Ack/Nack poll. A format for a BSN based short Ack/Nack report is suggested in chapter 3. If the RLC block needs to be retransmitted, there is no need to change the Ack/Nack report, since the information is still valid even if arriving later. There is therefore no need to change the channel coding. As it is not based on any time synchronisation between receiver and sender it is very easy to deploy the piggybacking in the downlink direction (because the MS is not polling the network for Ack/Nack in legacy case).  
3 BSN based Short Ack/Nack report

The suggested report has the size of n*3 byte, where n is the minimum number of segments that are needed for a report. Each segment of 3 byte consists of 5 fields, as shown in Table 1. One segment of 3 bytes is normally sufficient if errors are close together and belong to only one TBF, but it can be extended if needed for reports of different TBFs allocated to the same MS to allow for a combined Ack/Nack report to be sent or reporting of several erroneous BSN:s with large separation. 
The Ack/Nack report is placed in the data field of the radio block, and is covered by the current channel coding and CRC. However, even if errors are detected in the data field, there should still be a good chance that the Ack/Nack report is correct. A separate CRC is therefore proposed for each Ack/Nack segment, so that the segments can be used if correct. If the radio block is erroneous, the Ack/Nack report will also be retransmitted together with the data, and IR is used for decoding of the second transmission.   
Table 1: Data fields in one Ack/Nack report segment
	Field
	Size
	Usage

	Address
	0-3 bits
	TBF of the Ack/Nack information (identified by TFI). The size is a function of the number of active TBF:s for the user.

	BSN_NACK
	11 bits
	BSN of a radio block that has not been correctly received.

	BSN_MAP
	6-9 bits
	Ack/Nack bitmap of the block sequence numbers following BSN_NACK

	Extension bit
	1 bit
	0: Report is complete, 1: A new Ack/Nack segment follows, using the same format.

	CRC
	3 bits
	CRC covering the 3 byte segment


Example: 
A user has 2 allocated TBFs and shall send a short Ack/Nack report of the current status. Acknowledged mode is used, so all errors should be reported. (If non-persistent mode had been used, only the most recent errors would be reported.) The TBF with lowest ID have received BSN 1, 2, 4 and 7 without error. The BSNs 3, 5 and 6 was erroneous while BSN 8 and higher numbers have not yet arrived. 
The TBF with highest ID has received BSNs 1, 3, 4, 5, 8, 9, 10, 11, 12 and 15. The BSNs 2, 6, 7, 13, 14 and 16 was erroneous while BSN 17 and higher have not yet arrived. 
In Table 2 the Ack/Nack report is shown. Three segments are needed: one for the first TBF and two segments for the second TBF. Note that for the second TBF, BSN 11 and 12 are not covered by any of the two bitmaps. That is not needed, since they are implicitly acknowledged when the BSN_NACK number in the third segment is larger.
Table 2: Ack/Nack report for the MS described in the example
	Seg.
	Field
	Size
	Value
	Meaning

	1
	Address
	1 bit
	0
	The TBF with lowest ID.

	1
	BSN_NACK 
	11
	3
	BSN 3 is not yet received correctly.

	1
	BSN_MAP
	8 bits
	1001

0000
	Ack/Nack bitmap for BSN 4-11 1=correctly received

	1
	Extension bit 
	1 bit
	1
	More Ack/Nack data follows

	1
	CRC 
	3 bit
	
	CRC covering the first 3 byte segment

	2
	Address 
	1 bit
	1
	The TBF with highest ID.

	2
	BSN_NACK 
	11
	2
	BSN 2 is not yet received correctly.

	2
	BSN_MAP 
	8 bits
	1110

0111
	Ack/Nack bitmap for BSN 3-10 1=correctly received

	2
	Extension bit 
	1 bit
	1
	More Ack/Nack data follows

	2
	CRC 
	3 bit
	
	CRC covering the second 3 byte segment

	3
	Address 
	1 bit
	1
	The TBF with highest ID.

	3
	BSN_NACK 
	11
	13
	BSN 3 is not yet received correctly.

	3
	BSN_MAP 
	8 bits
	0100

0000
	Ack/Nack bitmap for BSN 13-20 1=correctly received

	3
	Extension bit 
	1 bit
	0
	No more Ack/Nack data follows

	3
	CRC 2
	3 bit
	
	CRC covering the last 3 byte segment


The size of the short Ack/Nack report is variable in steps of 3 Bytes. An example of the new EGPRS Uplink and Downlink RLC data blocks can be found in Figures 1 and 2 respectively. The minimum size of 3 Bytes has been used. Note that the location of the short Ack/Nack report immediately after the header is shown as an example. The only requirement is to have it located at a known place in an RLC data block. 
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Figure 1: Modified Uplink EGPRS RLC data block
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Short Ack/Nack report
	

	
	

	
	

	
	
	
	
	
	
	
	
	

	
	
	
	Bit
	
	
	
	

	
	
	
	2
	1
	
	
	
	

	
	
	
	FBI
	E
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	

	Length indicator
	
	E
	Octet 1 (note)
(optional)

	.
.
.
	.

.

.

	Length indicator
	
	E
	Octet M (optional)

	
	
	
	
	
	
	
	
	Octet M+1

	
RLC data
	.

.

.

	
	
	
	
	
	
	
	
	Octet N2-1

	
	
	
	
	
	
	
	
	Octet N2


Figure 2: Modified EGPRS Downlink RLC data block
4 Ack/Nack reporting sent in UL direction
In [1] a method is described for how to do fast reporting in the UL direction by using piggybacking if EGPRS data blocks are to be sent and it reuses the polling mechanisms with a slightly modified header such that legacy operation is still possible. 

Legacy polling is still needed in order to support legacy MSs and as well as for keep-alive and Link Quality Control (LQC) purposes for mobile that support fast Ack/Nack reporting. The result would be a (substantially) reduced legacy polling repetition rate being applied for MSs that support fast Ack/Nack reporting compared to MSs that only support the legacy Packet Ack/Nack reporting scheme. Using the proposed short bitmap in [1], also described in option 1 of Chapter 2, the repetition rate of the legacy polling need also to be chosen to cater for the case when the short bitmap moves outside the short bit map window with errors. This is not the case if the Ack/Nack report is based on sequence numbers as suggested in option 2 of Chapter 2.
In order to allow for piggybacking Ack/Nack reports in downlink data blocks the signalling mechanism included in [1] for the fast Ack/Nack reporting needs to be modified and is further described below.
The objective is to keep the network in control of how often an MS is allowed to send Ack/Nack reports. The reporting is performed as follows using the poll (RRBP) and USF fields in the downlink direction. If a mobile station has received a:

· RRBP (identified by the poll-bit) + USF for the same UL block period as identified in the poll (RRBP) the MS shall send:

· A piggybacked DL Ack/Nack with data payload if one or more RLC data blocks have been received in error and are still outstanding
· A normal RLC data block (no piggybacking of Ack/Nack) if RLC data block have been received in error 

· Normal (legacy) Ack/Nack report if there are no data payload to be sent

· RRBP (identified by the poll-bit) and no USF in same period, the MS shall send a Normal Ack/Nack report (legacy case)
Thus, the network remains in control of the reporting (as in legacy case). In addition to the above scheme it could also be possible for the MS to report on its own (i.e. independent of RRBP) but then it needs to do this only when it is USF-scheduled. This should be limited to the case when there is space left in the UL data block or there is no data block to be sent in order to reduce potential increase of signalling and reduced overall performance. The event-driven MS controlled reporting could be allowed by the network so an operator could set a parameter at TBF set-up or, in general such as on a per cell basis, if this should be allowed or not. 
The mobile station may, typically, need to prepare in advance both a short piggy-backed Ack/Nack report and a normal, non-piggybacked Ack/Nack report (where the non-piggybacked report may be a short Ack/Nack report or a full report) when the polling bit is received since a USF may or may not be allocated immediately before the report is to be transmitted in uplink direction.  

In order for the receiver to know if there is a short (piggybacked) Ack/Nack report included in the UL RLC data block a header bit is needed to indicate if a piggy-backed Ack/Nack is added to the data block. A spare bit in the RLC/MAC header is used to indicate if a piggy-backed Ack/Nack is included in the UL RLC data block or not. A spare bit exists in all three EGPRS header types and will be used for this case. The different Header types are shown in Figures 3 to 5 below (taken from 3GPP TS 44.060).
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Figure 3: EGPRS uplink RLC data block header
for MCS-5 and MCS-6
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Figure 4: EGPRS uplink RLC data block header
for MCS-7, MCS-8 and MCS-9.
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Figure 5: EGPRS uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.

5 Ack/Nack reporting sent in downlink direction
In order for the mobile station to determine that a short Ack/Nack report is included in the data block, the receiver need to know determine this, if possible without any double decoding. A bit in the header would indicate this. A redefinition of the RRBP and ES/P fields in the header of the EGPRS DL data blocks can be utilised (in [1] the same principle is used in another way to support UL piggybacking). The RRBP field is split into 2 fields: a new RRBP field (defining only two possible values: 20 and 40 ms reaction time) and an Ack/Nack field indicating a short Ack/Nack bitmap has been included in the data part, see Figure 3.
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Figure 3: RRBP, AN and ES/P fields in modified EGPRS downlink RLC data block headers

The meaning of the RRBP, RS and ES/P fields would be interpreted according to Tables 3 to 5 below (note that the “Bit” or “Bits” indicates the #bits and individual order and not the actual bit position in the header). Note that the modification is backward compatible as used only for MSs capable of this reporting. The legacy header structure will still remain for legacy MSs and if fast reporting is not needed.  
Table 3: new RRBP field
	Bit
1
	Full-rate PDCH uplink block with TDMA frame number

	0
	(N+8 or N+9) mod 2715648

	1
	(N+13) mod 2715648


Table 4: NEW AN field

	Bit
1
	Full-rate PDCH uplink block with TDMA frame number

	0
	No piggy-backed Ack/Nack included

	1
	Piggy-backed Ack/Nack included


Table 5: ES/P field

	Bits
2 1
	ES/P

	0 0
	RRBP field is not valid (no Polling)

	0 1
	RRBP field is valid – Extended Ack/Nack bitmap type FPB

	1 0
	RRBP field is valid – Extended Ack/Nack bitmap type NPB 

	1 1
	RRBP field is valid - Ack/Nack bitmap type NPB, measurement report included 


It is assumed that the RRBP can be reduced for this case of reporting. The old reporting scheme could very easily be supported by initialising this at e.g. TBF set-up, if necessary. 

6 Conclusion

An enhanced Ack/Nack concept is described enabling transmission of piggybacked Ack/Nack reports in both uplink and downlink direction for EGPRS RLC data blocks. The proposed signalling mechanisms allow the network to maintain control of how often the reporting should take place. It also describes a flexible Ack/Nack report structure that can be used for piggybacking or sent stand-alone if no data is to be sent. As the Ack/Nack report is not based on any absolute time synchronisation event between the sender and receiver, it does not put restrictions on what BSNs that could be reported. It could therefore support all kind of services such as acknowledged based and non-persistent. For the case of downlink piggyback operation where no evident synchronisation event exists, the short Ack/Nack report is the only possible. The proposed method will result in less frequent use of the legacy Packet Ack/Nack reporting and would primarily be used only for LQC purposes and, if needed, “I’m alive” purposes. 
It is suggested that the text proposed in Annex A is added to the feasibility study report.
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ANNEX A. Proposed text to be added in feasibility report.
10.2.1.5  Fast Ack/Nack reporting in UL and DL

Piggybacking Ack/Nack reporting in both Uplink and downlink can be done by locating the Ack/Nack data in the payload. An example is shown in subchapter 10.2.1.3b for piggybacking in UL. This subchapter describes a method to do it in both UL and DL; including a BSN based short Ack/Nack structure.
10.2.1.5.1  BSN based short Ack/Nack report
The suggested report has the size of n*3 byte, where n is the minimum number of segments that are needed for a report. Each segment of 3 byte consists of 5 fields, as shown in Table 1. One segment of 3 bytes is normally sufficient if errors are close together and belong to only one TBF, but it can be extended if needed for reports of different TBFs allocated to the same MS to allow for a combined Ack/Nack report to be sent or reporting of several erroneous BSN:s with large separation. 

The Ack/Nack report is placed in the data field of the radio block, and is covered by the current channel coding and CRC. However, even if errors are detected in the data field, there should still be a good chance that the Ack/Nack report is correct. A separate CRC is therefore proposed for each Ack/Nack segment, so that the segments can be used if correct. If the radio block is erroneous, the Ack/Nack report will also be retransmitted together with the data, and IR is used for decoding of the second transmission.   

Table 1: Data fields in one Ack/Nack report segment

	Field
	Size
	Usage

	Address
	0-3 bits
	TBF of the Ack/Nack information (identified by TFI). The size is a function of the number of active TBF:s for the user.

	BSN_NACK
	11 bits
	BSN of a radio block that has not been correctly received.

	BSN_MAP
	6-9 bits
	Ack/Nack bitmap of the block sequence numbers following BSN_NACK

	Extension bit
	1 bit
	0: Report is complete, 1: A new Ack/Nack segment follows, using the same format.

	CRC
	3 bits
	CRC covering the 3 byte segment


Example: 

A user has 2 allocated TBFs and shall send a short Ack/Nack report of the current status. Acknowledged mode is used, so all errors should be reported. (If non-persistent mode had been used, only the most recent errors would be reported.) The TBF with lowest ID have received BSN 1, 2, 4 and 7 without error. The BSNs 3, 5 and 6 was erroneous while BSN 8 and higher numbers have not yet arrived. 

The TBF with highest ID has received BSNs 1, 3, 4, 5, 8, 9, 10, 11, 12 and 15. The BSNs 2, 6, 7, 13, 14 and 16 was erroneous while BSN 17 and higher have not yet arrived. 

In Table 2 the Ack/Nack report is shown. Three segments are needed: one for the first TBF and two segments for the second TBF. Note that for the second TBF, BSN 11 and 12 are not covered by any of the two bitmaps. That is not needed, since they are implicitly acknowledged when the BSN_NACK number in the third segment is larger.

Table 2: Ack/Nack report for the MS described in the example

	Seg.
	Field
	Size
	Value
	Meaning

	1
	Address
	1 bit
	0
	The TBF with lowest ID.

	1
	BSN_NACK 
	11
	3
	BSN 3 is not yet received correctly.

	1
	BSN_MAP
	8 bits
	1001

0000
	Ack/Nack bitmap for BSN 4-11 1=correctly received

	1
	Extension bit 
	1 bit
	1
	More Ack/Nack data follows

	1
	CRC 
	3 bit
	
	CRC covering the first 3 byte segment

	2
	Address 
	1 bit
	1
	The TBF with highest ID.

	2
	BSN_NACK 
	11
	2
	BSN 2 is not yet received correctly.

	2
	BSN_MAP 
	8 bits
	1110

0111
	Ack/Nack bitmap for BSN 3-10 1=correctly received

	2
	Extension bit 
	1 bit
	1
	More Ack/Nack data follows

	2
	CRC 
	3 bit
	
	CRC covering the second 3 byte segment

	3
	Address 
	1 bit
	1
	The TBF with highest ID.

	3
	BSN_NACK 
	11
	13
	BSN 3 is not yet received correctly.

	3
	BSN_MAP 
	8 bits
	0100

0000
	Ack/Nack bitmap for BSN 13-20 1=correctly received

	3
	Extension bit 
	1 bit
	0
	No more Ack/Nack data follows

	3
	CRC 2
	3 bit
	
	CRC covering the last 3 byte segment


The size of the short Ack/Nack report is variable in steps of 3 Bytes. An example of the new EGPRS Uplink and Downlink RLC data blocks can be found in Figures 1 and 2 respectively. The minimum size of 3 Bytes has been used. Note that the location of the short Ack/Nack report immediately after the header is shown as an example. The only requirement is to have it located at a known place in an RLC data block. 
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Figure 1: Modified Uplink EGPRS RLC data block
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Figure 2: Modified EGPRS Downlink RLC data block

10.2.1.5.2  Ack/Nack reporting sent in UL direction
Subchapter 10.2.1.3b describes a method how to do fast reporting in the UL direction by using piggybacking if data blocks are to be sent and it reuses the polling mechanisms with a slightly modified header such that legacy operation is still possible. 

Legacy polling is still needed in order to support legacy MSs and as well as for keep-alive and Link Quality Control (LQC) purposes for mobile that support fast Ack/Nack reporting. The result would be a (substantially) reduced legacy polling repetition rate being applied for MSs that support fast Ack/Nack reporting compared to MSs that only support the legacy Packet Ack/Nack reporting scheme. Using the proposed short bitmap in [1], also described in option 1 of Chapter 2, the repetition rate of the legacy polling need also to be chosen to cater for the case when the short bitmap moves outside the short bit map window with errors. This is not the case if the Ack/Nack report is based on sequence numbers as suggested in option 2 of Chapter 2.
The objective is to keep the network in control of how often an MS is allowed to send Ack/Nack reports. The reporting is performed as follows using the poll (RRBP) and USF fields in the downlink direction. If a mobile station has received a:

· RRBP (identified by the poll-bit) + USF for the same UL block period as identified in the poll (RRBP) the MS shall send:

· A piggybacked DL Ack/Nack with data payload if one or more RLC data blocks have been received in error and are still outstanding
· A normal RLC data block (no piggybacking of Ack/Nack) if RLC data block have been received in error 

· Normal (legacy) Ack/Nack report if there are no data payload to be sent

· RRBP (identified by the poll-bit) and no USF in same period, the MS shall send a Normal Ack/Nack report (legacy case)

Thus, the network remains in control of the reporting (as in legacy case). In addition to the above scheme it could also be possible for the MS to report on its own (i.e. independent of RRBP) but then it needs to do this only when it is USF-scheduled. This should be limited to the case when there is space left in the UL data block or there is no data block to be sent in order to reduce potential increase of signalling and reduced overall performance. The event-driven MS controlled reporting could be allowed by the network so an operator could set a parameter at TBF set-up or, in general such as on a per cell basis, if this should be allowed or not. 
The mobile station may, typically, need to prepare in advance both a short piggy-backed Ack/Nack report and a normal, non-piggybacked Ack/Nack report (where the non-piggybacked report may be a short Ack/Nack report or a full report) when the polling bit is received since a USF may or may not be allocated immediately before the report is to be transmitted in uplink direction.  

In order for the receiver to know if there is a short (piggybacked) Ack/Nack report included in the UL RLC data block a header bit is needed to indicate if a piggy-backed Ack/Nack is added to the data block. A spare bit in the RLC/MAC header is used to indicate if a piggy-backed Ack/Nack is included in the UL RLC data block or not. A spare bit exists in all three EGPRS header types and will be used for this case. The different Header types are shown in Figures 3 to 5 below (taken from 3GPP TS 44.060).
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Figure 3: EGPRS uplink RLC data block header
for MCS-5 and MCS-6
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Figure 4: EGPRS uplink RLC data block header
for MCS-7, MCS-8 and MCS-9.
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Figure 5: EGPRS uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.

10.2.1.5.3  Ack/Nack reporting sent in DL direction
In order for the mobile station to determine that a short Ack/Nack report is included in the data block, the receiver need to know determine this, if possible without any double decoding. A bit in the header would indicate this. A redefinition of the RRBP and ES/P fields in the header of the EGPRS DL data blocks can be utilised (in [1] the same principle is used in another way to support UL piggybacking). The RRBP field is split into 2 fields: a new RRBP field (defining only two possible values: 20 and 40 ms reaction time) and an Ack/Nack field indicating a short Ack/Nack bitmap has been included in the data part, see Figure 3.
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	AN
	ES/P
	USF
	1


Figure 3: RRBP, AN and ES/P fields in modified EGPRS downlink RLC data block headers

The meaning of the RRBP, RS and ES/P fields would be interpreted according to Tables 3 to 5 below (note that the “Bit” or “Bits” indicates the #bits and individual order and not the actual bit position in the header). Note that the modification is backward compatible as used only for MSs capable of this reporting. The legacy header structure will still remain for legacy MSs and if fast reporting is not needed.  

Table 3: new RRBP field
	Bit
1
	Full-rate PDCH uplink block with TDMA frame number

	0
	(N+8 or N+9) mod 2715648

	1
	(N+13) mod 2715648


Table 4: NEW AN field

	Bit
1
	Full-rate PDCH uplink block with TDMA frame number

	0
	No piggy-backed Ack/Nack included

	1
	Piggy-backed Ack/Nack included


Table 5: ES/P field

	Bits
2 1
	ES/P

	0 0
	RRBP field is not valid (no Polling)

	0 1
	RRBP field is valid – Extended Ack/Nack bitmap type FPB

	1 0
	RRBP field is valid – Extended Ack/Nack bitmap type NPB 

	1 1
	RRBP field is valid - Ack/Nack bitmap type NPB, measurement report included 


It is assumed that the RRBP can be reduced for this case of reporting. The old reporting scheme could very easily be supported by initialising this at e.g. TBF set-up, if necessary.
10.2.3
Impacts to the mobile station

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

The mobile station needs be able to insert a short bitmap or a short Ack/Nack report in an UL RLC data block when polled accordingly.
The mobile station needs to be able to receive a short Ack/Nack report in a DL RLC data block.
