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Fast Ack/Nack Reporting for EGPRS
1. Introduction

Improving Ack/Nack reporting has been recognized as an important part of the GSM/EDGE evolution during the feasibility study. The improvements are based on Ack/Nack piggybacking within RLC/MAC blocks for data transfer. Two ways have been proposed so far: Ack/Nack coded independently or along with the payload itself. The independently coded Ack/Nack is perceived as the better solution because the piggybacked information can be coded with more reliable encoding than the data part. The retransmission of a block which initially contained the Ack/Nack information need not include it or the Ack/Nack information may be updated. Other details are whether BSN-based or time-based Ack/Nack is used. This paper elaborates further on BSN-based Fast Ack/Nack reporting concept already presented in [1], and discusses how to introduce it in specifications. 

In the following, the abbreviation PAN is used to refer to piggy-backed Ack/Nack information.
2. Assumptions
2.1 Backward compatibility
The introduction of PAN impacts the current modulation and coding schemes (MCSs). An essential requirement is to preserve backward compatibility with legacy MSs. It is enough for backward compatibility that legacy MSs are able to decode the USF from the blocks encoded with the new MCSs.
2.2 New structure of EGPRS RLC/MAC block for data transfer

The structure of the RLC/MAC block for data transfer is as shown on Figure 1. 
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Figure 1: New structure of EGPRS RLC/MAC block for data transfer

It contains:

· An RLC/MAC header containing essential RLC/MAC protocol information; and

· An optional PAN; and

· One or two RLC data blocks

The details of the PAN are given in section 2.3 while changes needed to the RLC/MAC header and to the remainder of the RLC/MAC block are outlined in section 3.
2.3 Piggybacked Ack/Nack Information

This paper proposes to define for PAN:

· A variable length of the Ack/Nack bitmap – This allows to include as short a bitmap as necessary and thus minimize the overhead. The result is a more robust encoding of the data part over a fixed-length bitmap. This requires however to indicate the length of the bitmap (or of the entire PAN information) so it can be decoded properly.

· An optimization of the length of the Ack/Nack information – The fields of the piggybacked report should be optimized in such a way that the protocol overhead is minimal.

It is proposed that the PAN structure consist of the fields listed in the table below:

Table 1: PAN structure

	Name
	Length [bits]
	Description

	Addr
	0-5
	Contains an address allowing a unique identification of the TBF that is being acknowledged by the PAN.

The presence of the Addr field may be defined  as optional. The inclusion of Addr shall follow the following rules:

· it is not included when the mobile station only has a single TBF (running in RLC acknowledged mode or RLC non-persistent mode assigned in the opposite direction) i.e. the PAN can only refer to that TBF

· it is included when the mobile station has more than one (>1) TBF in the opposite direction (running in RLC acknowledged mode or RLC non-persistent mode)

The Addr field may be defined according to:

· a TFI sequence number of all TFIs (running in RLC acknowledged mode or RLC non-persistent mode) allocated to the MS in the opposite direction, sorted in ascending order. E.g. if the MS has two TBFs running in RLC acknowledged mode in uplink, with TFI=5 and TFI=13, the Addr field in downlink is 1-bit long and the binary value ‘0’ (respectively ‘1’) refers to the TBF of which the TFI is 5 (respectively 13)

	BoW
	1
	Beginning of window

Indicates if SSN represents the oldest RLC data block not yet received or if there are RLC data blocks not yet received prior the SSN:
· 0 – SSN represents the oldest RLC data block not yet received

· 1 – SSN represents just the beginning of the reported bitmap (i.e. V(A) shall not be updated)

The BoW field provides a possibility to insert the bitmap which cover a part of window beyond the limit of maximal PAN bitmap length. This may be useful with high multislot allocations.

	SSN
	2 – 11
	Starting sequence number.

The SSN field provides a unique reference allowing the decoding of the acknowledgement bitmap (i.e. identify to which RLC data block a bit in the bitmap refers to)

	BM
	remaining bits (variable length)
	Bitmap (0-Nack/1-Ack) starting from SSN+1.

The length of the PAN is indicated in the RLC/MAC header. The BM length is defined as: BM length = PAN length – Addr length – SSN length


An alternative definition of the content of PAN field was presented in [7] where the PAN field is allowed to contain two segments. A segment is defined as containing separate Addr, BoW, SSN and BM. Whether the PAN shall contain one or two segments is FFS.
2.4 PAN Field Optimization

2.4.1 The Address Field

A possible optimization could be the addressing of TBF by a sequence number. However, there could be some complications related to this optimization in case the network and the MS have inconsistent knowledge of the assigned TBFs.
The inconsistent state occurs, for example, after MULTIPLE TBF DOWNLINK ASSIGNMENT has been sent by the network on PACCH during simultaneous uplink and downlink packet transfer but it was not received by the MS. Note also that the PACKET CONTROL ACKNOWLEDGMENT message is optional (e.g., see Figure 28 in TSG TS 43.064). If there were one uplink and one downlink TBFs assigned to the MS before MULTIPLE TBF DOWNLINK ASSIGNMENT was sent then the address field was possibly omitted (length 0). After Packet Downlink Assignment was transmitted, the network assumes the address field to be 1 bit because there are two ongoing TBFs in the downlink.  Thus, the use of PAN should be restricted by the network to only conditions where TBF assignments are stable and consistent in both MS and BSS. It would be unfortunate to require 5 bits in overhead during the full lifetime, whereas these 5 bits are only needed a small fraction of time.
Addressing the TBF by its TFI also means some problems in case of multiple TBF assignment. TBFs on different radio resources may have been assigned the same TFI. In this case, it is impossible to address the TBF by TFI. However, the network could be restricted not to assign the same TFI to one MS, and this is an implementation choice.
2.4.2 The Starting Sequence Number Filed

The length of the starting sequence number filed can be optimized based on the RLC window size. The problem of optimizing the length of the start sequence number is simpler in case of RLC acknowledgment mode. The number of bits, denoted by m, need for the unique identification of the RLC data block shall satisfy the following equation
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where WS is the RLC windows size. Hence, the length of the starting sequence number filed can range from 7 bits to 11 bits. This short SSN represents the least significant part of BSN of the RLC data block not yet received. 
The same approach could be used also with RLC non-persistent mode. This would mean the SSN length ranges from 2 bits to 11 bits. However, there is a possibility that the RLC transmitter will interpret the short SSN to match with BSN of RLC data block within the window, although the short SSN is the least significant part of BSN which is out of the window already. This situation can occur when the RLC window size is very small (e.g. 2 or 4) depending on the multislot allocation. The incorrect interpretation should only lead to some waste of radio resources. In order to avoid this situation, the required length of SSN should be determined by the network based on RLC RTT, multislot allocation, etc. The network would signal the length during the TBF assignment.
3. Changes To EGPRS RLC/MAC header

The introduction of PAN within RLC/MAC blocks for data transfer requires changes to the RLC/MAC header. This section discusses the modifications when the RLC/MAC header length is preserved and the content of RLC/MAC header is altered. 

The EGPRS RLC/MAC header of data blocks differs in uplink and in downlink. Thus, the problem how to indicate the length (and implicit occurrence) of PAN is analyzed for uplink and downlink directions separately.
3.1 Downlink

The EGPRS Downlink RLC/MAC headers do not include any spare bits which could be used for the PAN length indication. However, the ES/P and RRBP fields could serve for this purpose, allowing to indicate when a PAN is included and to determine its length. The changes needed in 3GPP TS 44.060 would be as follows:

Table 10.4.4a.1: EGPRS Supplementary/Polling (ES/P) field (non-MBMS only)

	bits
5 4
	ES/P

	0 0
	RRBP field is not valid; if MS supports FANR and operates at least one TBF in this mode then RRBP field indicates piggybacked Ack/Nack information occurrence and length (PAN with 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; if MS supports FANR and operates at least one TBF in this mode then RRBP field indicates piggybacked Ack/Nack information occurrence and length; PAN type NPB shall be sent “next” time USF is scheduled (PAN with polling)

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


Note: Table 9.1.8.2.1.1 in 3GPP TS 44.060 has to be also changed in the same way as the table above.

The meaning of the RRBP value in case of ES/P equal to “00” or “10” would be the following

[NEW] Table 10.4.5.x: Relative Reserved Block Period (RRBP) field indicating the occurrence and length of piggybacked Ack/Nack

	bit
6-5
	Piggybacked Ack/Nack length [bits]

	0 0
	No PAN

	0 1
	PAN, 24 bits (FFS)

	1 0
	PAN, 32 bits (FFS)

	1 1
	PAN, 40 bits (FFS)


The PAN lengths listed in the table above are just examples. The exact lengths are FFS. 
3.1.1 Uplink
The EGPRS Uplink RLC/MAC headers contain a number of spare bits that differs for header types 1, 2, and 3. In order to support the same functionality as in the downlink direction, two bits allowing to indicate three different PAN lengths are needed. 

However, this becomes a problem in case of the header type 3 for MCS-1 to MCS-4 because there is only one spare bit. The possible redefinition of the Resent Block Bit (RSB) could be considered. The RSB together with one spare bit (called PANI: PAN Indication) would provide the same signalling capability as the in downlink. In order to be consistent between the different header types the same approach should be used also for the header types 1 and 2. 
The following changes to 3GPP TS 44.060 would be needed in the EGPRS RLC/MAC header structure in the uplink.
	10.3a.4.1
Header type 1: header for MCS-7, MCS-8 and MCS-9

The EGPRS combined uplink RLC/MAC header for MCS‑7, MCS‑8 and MCS‑9 (header type 1) is formatted according to figure 10.3a.4.1.1.
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Figure 10.3a.4.1.1: EGPRS uplink RLC data block header
for MCS-7, MCS-8 and MCS-9.

10.3a.4.2
Header type 2: header for MCS-6 and MCS-5 

The EGPRS combined uplink RLC/MAC header for MCS‑5 and MCS‑6 (header type 2) is formatted according to figure 10.3a.4.2.1.
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Figure 10.3a.4.2.1: EGPRS uplink RLC data block header
for MCS-5 and MCS-6

10.3a.4.3
Header type 3: header for MCS-4, MCS-3, MCS-2 and MCS-1 

The EGPRS combined uplink RLC/MAC header for MCS‑1, MCS‑2, MCS‑3 and MCS‑4 (header type 3) is formatted according to figure 10.3a.4.3.1.
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Figure 10.3a.4.3.1: EGPRS uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.


The meaning of RSB and PANI bits could be defined as follows

Table 2: Interpretation of RSB and PANI
	RSB
	PANI
	PAN occurrence and length

	0
	0
	No PAN

	0
	1
	PAN, 24 bits (FFS)

	1
	0
	PAN, 32 bits (FFS)

	1
	1
	PAN, 40 bits (FFS)


4. Channel coding changes

The aim is to reuse as much from the current EGPRS channel coding as possible and thus to minimize the impact on the specifications. The proposal is firstly to protect the PAN with short (e.g. 6 bits) CRC. Secondly, the PAN block together with its CRC is encoded with the same 1/3-rate convolutional code as the RLC/MAC header part (same mother code as used for EGPRS). The mother code used for the RLC/MAC header and the data block is kept unchanged. New puncturing has to be defined for PAN and data parts of the RLC/MAC block. 

The channel coding process of new EGPRS RLC/MAC blocks including PAN is depicted on Figure 2. The figure reflects the channel coding in the downlink direction. In case of uplink, there is no USF. The parts of the channel coding chain, which will be affected by the insertion of PAN into the RLC/MAC block and will encounter changes, are highlighted. The orange boxes represent changes of the existing coding. As can be seen from the figure, only the puncturing of the data part will be affected. The encoding of PAN, which is new in the channel coding, is highlighted in green.
The PAN length may vary between an initial transmission and a retransmission of an RLC data block. As a consequence, the encoding rate of the data block may vary between an initial transmission and a retransmission in order to a) keep the payload unchanged and hence preserve the possibility for soft-combining in the receiver; and b) keep the PAN robustly encoded. This yields to a multiplication of the number of puncturing patterns needed. Thus, it could be meaningful to reuse the puncturing formula from FLO definition. The FLO puncturing also provides the possibility of incremental redundancy based on the redundancy pattern index.
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Figure 2: Channel coding of RLC/MAC block including PAN
4.1 USF encoding

The USF coding is done separately from the header encoding and it will not change even if the header coding changes. Thus, the USF can be read by legacy MS if the interleaving of USF bits is kept unchanged as it is assumed in this document.
4.2 PAN encoding

The first steps of the PAN encoding up to the puncturing are common for the all possible PAN lengths.
Firstly, six parity bits are added to the PAN bits delivered to the encoder. It was found that 3 bits CRC as proposed earlier does not provide sufficient performance (see section 4.4). If a PAN contains segments each segment may be separately protected (FFS).
Secondly, the six last PAN bits are added before the information and parity bits (tail biting). Then the block is encoded with 1/3 rate convolutional mother code with same polynomials as used for the header part and EGPRS.

4.3 New Modulation and Coding Schemes
The new MCSs supporting the insertion of PAN must be defined besides the current set, and a mix of new and old MCSs can be used for the same TBF. The MS supporting PAN can use all new MCSs together with MCS-4 and MCS-9 for the same TBF precisely. The new MCSs have the same payload as the current one. This implies that the MCSs with coding rate 1.0 cannot be used with PAN as can be seen in Table 3. The families listed in the table are compatible with the current families.
Table 3: New set of MCSs supporting PAN

	MCS
	1st block
[bytes]
	2nd block
[bytes]
	Total
[bytes]
	Family

	1-PAN
	22
	N/A
	22
	C

	2-PAN
	28
	N/A
	28
	B

	3-PAN
	37
	N/A
	37
	A

	5-PAN
	56
	N/A
	56
	B

	6-PAN
	74
	N/A
	74
	A

	7-PAN
	56
	56
	112
	B

	8-PAN
	68
	68
	136
	A-padding


The puncturing will encounter the major changes. The puncturing could be defined by the number of the available radio bits per each part of new RLC/MAC block for data transfer. The aim of the new design is to protect PAN with the convolutional code which rate is approximately same for a given MCS irrespective of the PAN length. The radio bits required by PAN are taken from the radio bits available for the data thus the larger PAN implies in the weaker data coding. This is summarized in the following tables. The coding rates of the current MCSs are shown in Table 4 for comparison. 
Table 4: The coding rates of current MCSs
	MCS
	Header
	Data

	1
	0.53
	0.53

	2
	0.53
	0.66

	3
	0.53
	0.85

	4
	0.53
	1.00

	5
	0.33
	0.38

	6
	0.33
	0.49

	7
	0.36
	0.76

	8
	0.36
	0.92

	9
	0.36
	1.00


Table 5: The coding rates of new MCSs (40 bits PAN)
	MCS
	Header
	PAN
	Data

	1-PAN
	0.53
	0.58
	0.66

	2-PAN
	0.53
	0.63
	0.80

	3-PAN
	0.53
	0.77
	1.00

	5-PAN
	0.33
	0.35
	0.42

	6-PAN
	0.33
	0.35
	0.54

	7-PAN
	0.36
	0.45
	0.83

	8-PAN
	0.36
	0.45
	1.00


Table 6: Number of radio bits per each part of RLC/MAC block (40 bits PAN)
	MCS
	Header
	PAN
	Data1
	Data2

	1-PAN
	68
	74
	298
	N/A

	2-PAN
	68
	68
	304
	N/A

	3-PAN
	68
	56
	316
	N/A

	5-PAN
	100
	124
	1124
	N/A

	6-PAN
	100
	124
	1124
	N/A

	7-PAN
	124
	96
	564
	564

	8-PAN
	124
	96
	564
	564


Table 7: The coding rates of new MCSs (32 bits PAN)
	MCS
	Header
	PAN
	Data1

	1-PAN
	0.53
	0.58
	0.63

	2-PAN
	0.53
	0.63
	0.77

	3-PAN
	0.53
	0.76
	0.97

	5-PAN
	0.33
	0.35
	0.41

	6-PAN
	0.33
	0.35
	0.53

	7-PAN
	0.36
	0.44
	0.82

	8-PAN
	0.36
	0.44
	0.99


Table 8: Number of radio bits per each part of RLC/MAC block (32 bits PAN)
	MCS
	Header
	PAN
	Data1
	Data2

	1-PAN
	68
	60
	312
	N/A

	2-PAN
	68
	56
	316
	N/A

	3-PAN
	68
	46
	326
	N/A

	5-PAN
	100
	100
	1148
	N/A

	6-PAN
	100
	100
	1148
	N/A

	7-PAN
	124
	80
	572
	572

	8-PAN
	124
	80
	572
	572


Table 9: The coding rates of new MCSs (24 bits PAN)

	MCS
	Header
	PAN
	Data1

	1-PAN
	0.53
	0.59
	0.60

	2-PAN
	0.53
	0.61
	0.74

	3-PAN
	0.53
	0.75
	0.94

	5-PAN
	0.33
	0.35
	0.40

	6-PAN
	0.33
	0.35
	0.52

	7-PAN
	0.36
	0.44
	0.81

	8-PAN
	0.36
	0.44
	0.97


Table 10: Number of radio bits per each part of RLC/MAC block (24 bits PAN)

	MCS
	Header
	PAN
	Data1
	Data2

	1-PAN
	68
	46
	326
	N/A

	2-PAN
	68
	44
	328
	N/A

	3-PAN
	68
	36
	336
	N/A

	5-PAN
	100
	78
	1170
	N/A

	6-PAN
	100
	78
	1170
	N/A

	7-PAN
	124
	62
	581
	581

	8-PAN
	124
	62
	581
	581


4.4 Simulations
The new MCSs described in previous section were simulated with a proprietary link level simulator with one exception which is the usage of tail bits instead of tail biting for PAN encoding. The reason for this exception is that problems with the convolutional decoder occurred when FLO puncturing was applied directly and some bits of the tail were punctured. The simulation parameters are listed in Table 11
Table 11: Simulation parameters
	Parameter
	Value

	Frequency band
	900 MHz

	Channel type
	TU

	MS speed
	3 km/h

	Frequency hopping
	ideal

	TX/RX impairments
	none

	Simulation steps per C/I value
	20 000


Figure 3 and Figure 4 show the impact of the insertion of PAN on BLER performance of MCS-3 and MCS-8 respectively. As can be seen, the difference at 10% BLER is quite large in case of MCS-3 and the GMSK modulated MCSs in general. The gap in the performance between the MCS with and without PAN is smaller when 8-PSK modulation is used because the coding rates change just by few tenths due to the larger number of radio bits.
[image: image4.emf]0.10%

1.00%

10.00%

100.00%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

C/Ico [dB]

BLER

No PAN

24-bit PAN, 3-bit CRC

40-bit PAN, 3-bit CRC


Figure 3: Data BLER, MCS-3
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Figure 4: Data BLER, MCS-8
The simulations also focused on the performance of PAN encoding. The obtained results are summarized on Figure 5 and Figure 6 which depict the data BLER, PAN BLER, and residual PAN BLER for 3 and 6 bits CRC. The generator polynomials used for the simulations were D3 + D + 1 and D6 + D5 + D3 + D2 + D1 + 1. The 3 bits CRC suffer from very high residual BLER as the figures show and the 6 bits CRC should be used. The impact of larger CRC on data and PAN BLER is negligible.
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Figure 5: PAN encoding, MCS-3, PAN length 40 bits
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Figure 6: PAN encoding, MCS-8, PAN length 40 bits
5. PAN Length Selection and Inclusion

Criteria for PAN Length Selection

The decision about the length of PAN which to include into an RLC/MAC block is based on a trade-off between the bitmap length, robustness of data part coding, and dynamicity of state of the receive window. 

Criteria for PAN Inclusion

Different policies can apply when a decision about PAN inclusion is made. Note that the decision to send a PAN is made by the RLC entity sending that PAN, unless the BSS explicitly requests a PAN through a ES/P poll. 
An example can be a reliable mode of operation during which PAN is included into each RLC/MAC data block. This policy ensures that the RLC transmitter has up-to date information about the state of receive window at the RLC receiver. Other approach is to take into the account the dynamicity of state of the receive window. 
6. Conclusions
A solution for the SSN-based Fast Ack/Nack reporting based on piggybacking with the variable length of the piggybacked information is proposed in this paper. The described solution provides many details concerning the introduction of Fast Ack/Nack reporting in the specifications. The required changes to the structure of RLC/MAC block for data transfer, and RLC/MAC header content are studied. As a consequence of the changes of RLC/MAC block for data transfer a new MCSs need to be introduced. The new MCSs shown in this document are derived from the current set without reducing the payload. This approach to design of new MCSs including PAN may simplify future work when the current set of MCSs will be extended to support HUGE [6].
The compatibility requirements, namely to assure the USF decoding for legacy MS is satisfied with the proposal. This is easily achievable because the USF is coded separately from the rest of the EGPRS RLC/MAC header and the interleaving and burst mapping are kept unchanged.

Other improvement compare to the proposal in [1] is the possibility of polling MS for PAN with RLC/MAC block for data transfer carrying PAN. The network may request PAN   with type NPB.
The following conclusions can be drawn from the simulations presented in the paper. The PAN should be protected by 6 bits CRC. The data BLER varies significantly between RLC blocks with and without PAN and also between the different PAN lengths. This fact will need to be taken in to the account, in example, for link adaptation purposes. 
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