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Fast Ack/Nack reporting
1 Introduction
At the moment the feedback messages (PDAN and PUAN) containing ack/nack bitmaps occupy one whole radio block. This is a general problem but definitely more significant in the UL, especially when dealing with DL-biased multislot configurations. When downlink polling is performed, a lot of uplink resources are used only for signalling purposes by PDAN messages, and cannot be used to send data. This puts a limit on the maximum polling frequency (not to shrink uplink bandwidth too much), and therefore on the speed of the ack/nack reporting procedure. This is for instance the case of concurrent TBFs in a 4 (DL) + 1 (UL) or 3+1 multislot configuration.
Another problem is that the minimum reaction time during the polling procedure (indicated by the RRBP field) is currently 13 TDMA frames (with respect to the TDMA frame where the polling block is first transmitted).
The proposal is to implement a fast Ack/Nack reporting mechanism, with the constraint of minimizing bandwidth consumption on the feedback channel, so that a very short polling period (20 or 40 ms) shall be possible without significant performance degradation. 
2 Description of the proposal
2.1 Short bitmap in an RLC data block
The main idea is that, instead of sending back to the transmitter a long bitmap in a dedicated radio block (i.e. the PDAN), the receiver could send back a very short bitmap, embedded in a normal RLC data block, leaving a lot of space to carry user plane data in the reverse direction. Note that a similar draft idea is already included in section 10.2.1.3 of the Feasibility Study for Future GERAN Evolution [1]. This contribution provides a detailed alternative of the original proposal.
The short bitmap would contain information about the recently received radio blocks, independently of their Block Sequence Number. The new bitmap would therefore be no longer indexed by a Starting Sequence Number, but on a time basis. More precisely, if a polling indication is received at frame number x, the mobile station would send back a short bitmap indicating the status of all the radio blocks received in all the assigned timeslots during frame x, x-1, etc. depending on the size of the short bitmap and the number of assigned timeslots. 
In practice a very short bitmap would be sufficient. Assuming a 4 DL time slots allocation and a polling period of 40 ms, a maximum of 4x2 = 8 radio blocks carrying a maximum of 16 RLC blocks can be submitted during two successive pollings (or only 8 considering a 20 ms polling period). This puts a limit on the minimum size of the short bitmap. Then, to take into account that even larger DL timeslot allocations are possible and that polling requests/short bitmaps might get lost,  the final size of the short bitmap (which is anyway suggested to be fixed in this proposal) should be somewhat higher, e.g. 4 octets.

It has to be noted that the network as the sender knows the BSNs of the corresponding RLC blocks, when receiving the short bitmap, so that the correct information can be derived.
Since there might be two RLC data blocks per radio block (in case of MCS 7/8/9), two bits per radio block are needed in the bitmap. For every radio block received in the assigned timeslots, the receiver shall set the pair of bits in the short bitmap in the following way: 
	0 0
	- failed header decoding

- header correctly received but with a different DL TFI
- header correctly received (with the correct DL TFI) but failed decoding of the payload of the RLC block (or blocks, in case of MCS 7/8/9)

	0 1
	header correctly received (with the correct DL TFI), failed decoding of the first RLC data block, correct decoding of the second RLC data block 

	1 0
	header correctly received (with the correct DL TFI), correct decoding of the first RLC data block, failed decoding of the second RLC data block 

	1 1
	correct decoding of the payload of the RLC block, or correct decoding of both the first and second RLC data blocks


In case of multiple TBFs, the same bitmap could carry the information for all the TBFs. In this case bits would be set to 1 for RLC blocks correctly received with any of the assigned DL TFIs. This would further optimize the procedure since feedback for all the TBFs could be provided at the same time.
If the polling is received in frame x, the first pair of bits in the short bitmap shall refer to the radio block received on the first assigned timeslot of frame x, the second pair of bits shall refer to the radio block received on the second assigned timeslot of frame x, etc. If there is still free space in the bitmap, the next pair of shall refer to the radio block received on the first assigned timeslot of frame x-1 and so on.
In the figure below and example is shown, referring to a DL TBF allocated on timeslots 0, 1, 2 & 3 (TBF1) and multiplexed with other TBFs (TBF2 and TBF3). The length of the short bitmap is assumed to be of only 2 octets in this example.
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Figure 1: Example of fast ack/nack reporting operation
This proposal would obviously imply the modification of Uplink RLC data blocks. As an example, the new EGPRS uplink RLC data block would be formatted according to the figure below: 
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Figure 2: New Uplink EGPRS RLC data block

Where the insertion of the optional “Short Bitmap” field would depend on the presence of a polling indication in the previous corresponding DL radio block. This would also be signalled by a bit indicator reusing one of the spare bits in the UL RLC data block header.

To preserve normal RLC operation, if an UL RLC data block has to be retransmitted, the size (and obviously the content) of the data part will have to remain the same as before. A (different!) short bitmap shall anyway be included (independently of polling from the network) if the original transmission contained one. In case of EGPRS this means that if the new bit indicator in the UL RLC data block header indicates that the last 4 octets of the payload contain a Short Bitmap, the corresponding octets shall not be used when joint decoding is applied.
When Incremental redundancy is used, soft combining / depuncturing before convolutional decoding shall be applied only to the RLC data part (which remains the same for all the retransmissions). Incremental redundancy is not used for the decoding of octets of the short bitmap: only the last retransmission is used.

This is highlighted in the following diagram, that shows the encoded bits for two repetitions of the same RLC block:


[image: image2]
In case of repetitions, only the bits in the completely green part can be used for soft combining. Other bits should be excluded from the soft combining process. 

Note that this would result in a different (lower) decoding performance for the last k bits of the data part (where k is the constraint length) since soft combining cannot be used to derive their values.

An alternative would be to reduce the length of the data part by k bits by setting the last k bits to zero. In this case the encoded bits for two repetitions of the same RLC block are shown in the following diagram:


[image: image3]
In this case it is possible to apply soft combining to derive all the bits of the data part so that decoding performance would not be affected. In practice, with this solution, it would be possible to keep the convolutional decoding algorithms unchanged: in other words, convolutional decoding could be performed over the whole block length, and the ‘0’ bits would ensure that the Viterbi algorithm trellis is properly terminated at the end of the data part, and the last M decoded bits (where M is the length of the short bitmap) could just be discarded. Obviously, the short bitmap would need to be decoded separately.

2.2 Short bitmap in a single burst
A further possibility is the alternative submission of the short bitmap in a single burst (e.g. a newly formatted normal burst), if no other data and/or measurement reports have to be submitted. 
As soon as the MS has no additional data payload to submit, e.g. during the Extended UL TBF phase, the MS could send a single burst carrying the short bitmap. This could save MS battery life and keep the UL interference low in the network, since only 1 out of 4 bursts of a radio block might be used. 
2.3 Reduced MS reaction time
The other proposal is to reduce the minimum reaction time during the polling procedure, bringing it from 13 TDMA frames to 8 (or 9) TDMA frames, thus gaining 20 ms
. 

2.4 Co-existence with legacy procedures
In any case the new reporting mechanism (based on the short bitmap) has to co-exist with the old one. This is needed for instance when several subsequent polling requests/short bitmaps are not received (by the MS or the network). To obtain feedback information from the MS the only possibility in this case would be to ask for the normal PDAN message.

This can be done by a redefinition of the RRBP and ES/P fields in the header of EGPRS DL data blocks. The RRBP field could be split into 2 field: a new RRBP field (defining only two possible values: 20 and 40 ms reaction time) and a RS field defining the Reporting Scheme:

	Bit
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	TFI
	RRBP
	RS
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	USF
	1


Figure 3: RRBP, RS and ES/P fields in modified EGPRS downlink RLC data block headers
And the meaning of the RRBP, RS and ES/P fields would be interpreted according to the tables below:

Table 1: new RRBP field
	bit
6-5
	Full-rate PDCH uplink block with TDMA frame number

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

	1
	(N+13) mod 2715648


Table 2: RS field
	bit
6-5
	Full-rate PDCH uplink block with TDMA frame number

	0
	Normal ack/nack reporting scheme

	1
	Fast ack/nack reporting scheme


Table 3: ES/P field
	bits
5 4
	ES/P

	0 0
	RRBP field is not valid (no Polling)

	0 1
	RRBP field is valid - Extended Ack/Nack bitmap type FPB (Note)

	1 0
	RRBP field is valid - Extended Ack/Nack bitmap type NPB (Note)

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

	Note: this applies only if the RS bit is set to 0


With this approach the network could dynamically request either the short bitmap (default case) or the conventional Ack/Nack message when necessary to recover from the loss of several successive polling requests / polling responses.
3 Simple example of possible performance gain
The following assumption are considered in the example shown below:
· the intrinsic RLC RTT (i.e. the time to cross two times the A-bis and Um interfaces plus the processing delay of network nodes) is assumed to be of 100 ms
· the considered multislot allocation is 4 (DL) + 1 (UL)

· in case of conventional Ack/Nack reporting procedure, the polling period is 12 RLC blocks, i.e. the polling bit is set every 60 ms. The minimum (legacy) RRBP value is considered, leading to an MS reaction time of 40 ms
· in case of the proposed fast Ack/Nack reporting strategy, the polling is set at every radio block (i.e. every 20 ms). The minimum new RRBP value is considered, leading to an MS reaction time of 20 ms

Based on these values, the table below reports, for the conventional and the new proposed schemes:

1. the maximum time (RLC RTT + MS React Time + (Polling Period – 20 ms)) in order to receive a retransmission (when a lost RLC block is detected)
2. the percentage of available bandwidth for data transmission on the UL TBF 
	
	Conventional reporting
	Fast reporting

	Maximum retransmission time
	100+40+40=

180 ms
	100+20 =

120 ms

	Percentage of available bandwidth in the UL
	66.6%
	80% (MCS1)

94.6% (MCS6)
97.3% (MCS9)


The example indicates that a huge benefit is expected in terms of reduced transfer delay since the retransmission time of single RLC block is reduced by one third. At the same time a consistent improvement is expected in terms of uplink capacity that would increase from 66.6% (with respect to the theoretically available one) to 80% in the worst case, up to 95-97% if higher MCSs are used in the UL.
4 Conclusions

A mechanism to provide a fast Ack/Nack reporting mechanism for (E)GPRS has been shown. The proposal also increases the available bandwidth in the UL in case of concurrent TBFs. 

It is proposed to consider the ideas outlined in the present document as a more detailed and feasible alternative of the proposal already included in section 10.2.1.3 of the Feasibility Study for Future GERAN Evolution [1]. 

Annex A contains the proposed text for inclusion in the Technical Report (most of sections 2 and 3 of the present document).
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Annex A
Proposed text for inclusion in Section 10.2 of TR 45.912
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.
10.2.1.3b 
Fast Ack/Nack reporting

Due to the very little room in the header of EGPRS uplink RLC data blocks, an alternative to the solution outlined in the sub-clause above (10.2.1.3) is to reuse part of the payload of an EGPRS uplink RLC data block to convey signalling information.
10.2.1.3b.1 Short bitmap in an RLC data block

The principle is that, instead of sending back to the transmitter a long bitmap in a dedicated radio block (i.e. the PDAN), the receiver could send back a very short bitmap, embedded in a normal RLC data block, leaving a lot of space to carry user plane data in the reverse direction.  
The short bitmap would contain information about the recently received radio blocks, independently of their Block Sequence Number. The new bitmap would therefore be no longer indexed by a Starting Sequence Number, but on a time basis. More precisely, if a polling indication is received at frame number x, the mobile station would send back a short bitmap indicating the status of all the radio blocks received in all the assigned timeslots during frame x, x-1, etc. depending on the size of the short bitmap and the number of assigned timeslots. The network as the sender knows the BSNs of the corresponding RLC blocks, when receiving the short bitmap, so that the correct information can be derived.
The length of the short bitmap has to be linked to the maximum number of RLC blocks that can be submitted during two successive pollings, and should take into account that some polling requests/short bitmaps might get lost. A suitable size for the short bitmap (which is anyway suggested to be fixed) is expected to be 4 octets.

Since there might be two RLC data blocks per radio block (in case of MCS 7/8/9), two bits per radio block are needed in the bitmap. For every radio block received in the assigned timeslots, the receiver shall set the pair of bits in the short bitmap in the following way: 

	0 0
	- failed header decoding

- header correctly received but with a different DL TFI

- header correctly received (with the correct DL TFI) but failed decoding of the payload of the RLC block (or blocks, in case of MCS 7/8/9)

	0 1
	header correctly received (with the correct DL TFI), failed decoding of the first RLC data block, correct decoding of the second RLC data block 

	1 0
	header correctly received (with the correct DL TFI), correct decoding of the first RLC data block, failed decoding of the second RLC data block 

	1 1
	correct decoding of the payload of the RLC block, or correct decoding of both the first and second RLC data blocks


In case of multiple TBFs, the same bitmap could carry the information for all the TBFs. In this case bits would be set to 1 for RLC blocks correctly received with any of the assigned DL TFIs. This would further optimize the procedure since feedback for all the TBFs could be provided at the same time.

If the polling is received in frame x, the first pair of bits in the short bitmap shall refer to the radio block received on the first assigned timeslot of frame x, the second pair of bits shall refer to the radio block received on the second assigned timeslot of frame x, etc. If there is still free space in the bitmap, the next pair of shall refer to the radio block received on the first assigned timeslot of frame x-1 and so on.
In the figure below and example is shown, referring to a DL TBF allocated on timeslots 0, 1, 2 & 3 (TBF1) and multiplexed with other TBFs (TBF2 and TBF3). The length of the short bitmap is assumed to be of only 2 octets in this example.
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Figure 1: Example of fast ack/nack reporting operation
EGPRS uplink RLC data block would be formatted according to the figure below, where the insertion of the optional Short Bitmap field would depend on the presence of a polling indication in the previous corresponding DL radio block. This would also be signalled by a bit indicator reusing one of the spare bits in the UL RLC data block header.
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Figure 2: New Uplink EGPRS RLC data block

To preserve normal RLC operation, if an UL RLC data block has to be retransmitted, the size of the data part will have to remain the same as before. A different short bitmap shall anyway be included (independently of polling from the network) if the original transmission contained one. In case of EGPRS this means that if the new bit indicator in the UL RLC data block header indicates that the last 4 octets of the payload contain a Short Bitmap, the corresponding octets shall not be used when joint decoding is applied.
When Incremental redundancy is used, soft combining / depuncturing before convolutional decoding shall be applied only to the RLC data part (which remains the same for all the retransmissions). Incremental redundancy is not used for the decoding of octets of the short bitmap: only the last retransmission is used.

This is highlighted in the following diagram, that shows the encoded bits for two repetitions of the same RLC block:


[image: image5]
In case of repetitions, only the bits in the completely green part can be used for soft combining. Other bits should be excluded from the soft combining process. Note that this would result in a different (lower) decoding performance for the last k bits of the data part (where k is the constraint length) since soft combining cannot be used to derive their values.

An alternative would be to reduce the length of the data part by k bits by setting the last k bits to zero. In this case the encoded bits for two repetitions of the same RLC block are shown in the following diagram:


[image: image6]
In this case it is possible to apply soft combining to derive all the bits of the data part so that decoding performance would not be affected. In practice, with this solution, it would be possible to keep the convolutional decoding algorithms unchanged: in other words, convolutional decoding could be performed over the whole block length, and the ‘0’ bits would ensure that the Viterbi algorithm trellis is properly terminated at the end of the data part, and the last M decoded bits (where M is the length of the short bitmap) could just be discarded. Obviously, the short bitmap would need to be decoded separately.
10.2.1.3b.2 Short bitmap in a single burst
A further possibility is the alternative submission of the short bitmap in a single burst (e.g. a newly formatted normal burst), if no other data and/or measurement reports have to be submitted. 

As soon as the MS has no additional data payload to submit, e.g. during the Extended UL TBF phase, the MS could send a single burst carrying the short bitmap. This could save MS battery life and keep the UL interference low in the network, since only 1 out of 4 bursts of a radio block might be used. 

10.2.1.3b.3 Reduced MS reaction time
The other proposal is to reduce the minimum reaction time during the polling procedure, bringing it from 13 TDMA frames to 8 (or 9) TDMA frames, thus gaining 20 ms. 

10.2.1.3b.4 Co-existence with legacy procedures 
In any case the new reporting mechanism based on the short bitmap has to co-exist with the old one. This is needed for instance when several subsequent polling requests/short bitmaps are not received (by the MS or the network). To obtain feedback information from the MS the only possibility in this case would be to ask for the normal PDAN message.

This can be done by a redefinition of the RRBP and ES/P fields in the header of EGPRS DL data blocks. The RRBP field could be split into 2 field: a new RRBP field (defining only two possible values: 20 and 40 ms reaction time) and a RS field defining the Reporting Scheme:

	Bit
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	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	RS
	ES/P
	USF
	1


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

And the meaning of the RRBP, RS and ES/P fields would be interpreted according to the tables below:

Table 1: new RRBP field

	bit
6-5
	Full-rate PDCH uplink block with TDMA frame number

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

	1
	(N+13) mod 2715648


Table 2: RS field

	bit
6-5
	Full-rate PDCH uplink block with TDMA frame number

	0
	Normal ack/nack reporting scheme

	1
	Fast ack/nack reporting scheme


Table 3: ES/P field

	bits
5 4
	ES/P

	0 0
	RRBP field is not valid (no Polling)

	0 1
	RRBP field is valid - Extended Ack/Nack bitmap type FPB (Note)

	1 0
	RRBP field is valid - Extended Ack/Nack bitmap type NPB (Note)

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

	Note: this applies only if the RS bit is set to 0


With this approach the network could dynamically request either the short bitmap (default case) or the conventional Ack/Nack message when necessary to recover from the loss of several successive polling requests / polling responses.
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” / “Fast Ack/Nack reporting” mechanism

· If UL data is not sent ( use the Packet Downlink Ack/Nack message as a response to a USF/ “Fast Ack/Nack reporting” mechanism by sending a short bitmap in a single burst
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” / “Fast Ack/Nack reporting” mechanism by sending a short bitmap in a single burst.
10.2.1 Modelling assumptions and requirements

tba

10.2.2 Performance characterization

10.2.2.1  
Performance gain of the “Fast Ack/Nack reporting” mechanism
The following assumption are considered:
· the intrinsic RLC RTT (i.e. the time to cross two times the A-bis and Um interfaces plus the processing delay of network nodes) is assumed to be of 100 ms
· the considered multislot allocation is 4 (DL) + 1 (UL)
· in case of conventional Ack/Nack reporting procedure, the polling period is 12 RLC blocks, i.e. the polling bit is set every 60 ms. The minimum (legacy) RRBP value is considered, leading to an MS reaction time of 40 ms
· in case of the proposed fast Ack/Nack reporting strategy, the polling is set at every radio block (i.e. every 20 ms). The minimum new RRBP value is considered, leading to an MS reaction time of 20 ms

Based on these values, the table below reports, for the conventional and the new proposed schemes:
1. the maximum time (RLC RTT + MS React Time + (Polling Period – 20 ms)) in order to receive a retransmission (when a lost RLC block is detected)
2. the percentage of available bandwidth for data transmission on the UL TBF
	
	Conventional reporting
	Fast reporting

	Maximum retransmission time
	100+40+40=

180 ms
	100+20 =

120 ms

	Percentage of available bandwidth in the UL
	66.6%
	80% (MCS1)

94.6% (MCS6)
97.3% (MCS9)


The example indicates that a huge benefit is expected in terms of reduced transfer delay since the retransmission time of single RLC block is reduced by one third. At the same time a consistent improvement is expected in terms of uplink capacity that would increase from 66.6% (with respect to the theoretically available one) to 80% in the worst case, up to 95-97% if higher MCSs are used in the UL.
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 in an UL RLC data block when polled accordingly.
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/“Fast Ack/Nack reporting” mechanism. There is an impact on BTS algorithms to exploit Incremental Redundancy in case of the “Fast Ack/Nack reporting” mechanism. 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) 
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� Whether it is possible to go down to 4 (or 5) frames (as for USF decoding), implying almost zero reaction time needs to be checked.
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