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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. Other details are whether BSN-based or time-based Ack/Nack is used. This paper elaborates further on Fast Ack/Nack reported, 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. Background
Two ways have been proposed to introduce a PAN within RLC/MAC blocks for data transfer [3]

 REF _Ref144558578 \r \h 
[4]:

· PAN coded independently from the payload itself

· PAN coded along with the payload itself

The benefits and drawbacks of these approaches are outlined in the table below:

	Independently coded PAN
	PAN coded with the payload

	-
	New MCSs needed
	+
	Preserve the actual coding of MCSs (header and payload)

	-
	New structure of RLC/MAC blocks for data transfer needed
	-
	New structure of RLC/MAC blocks for data transfer needed

	+
	Reliable encoding of PAN
	-
	PAN no more robust than the payload itself

	+
	Retransmissions of an RLC/MAC block that initially contained a PAN need not include a PAN or may include an updated PAN
	-
	Retransmissions of an RLC/MAC block that initially contained a PAN must include the same (outdated) PAN (for IR combining)


It is Nokia’s preference to introduce an independently coded PAN for the reasons described in the table above. This assumption is used in this document.


3. Assumptions
3.1 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.
3.2 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 3.3 while changes needed to the RLC/MAC header and to the remainder of the RLC/MAC block are outlined in section 4.
3.3 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 either as mandatory or as optional. In case it is 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 in a number of ways:

· As 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); or

· As the actual TFI of the TBF being acknowledged. In that case the Addr field is 5-bit long

Additionally, the Addr field could be defined to contain the timeslot number (and possibly carrier number in case dual/multi carrier transmission is used) on which the acknowledged TBF is assigned. This is in case the PAN is sent on a PDCH of which the timeslot number does not equal any of the timeslot number of the PDCH(s) assigned to the TBF in the opposite direction (a TFI is by definition unique on the PDCHs on which the corresponding TBF is assigned)

	SSN
	11
	Starting sequence number.

It points to the BSN of the oldest RLC data block not yet received.

The SSN field could be encoded:

· As the actual starting sequence number (11 bits); or

· by the least significant bit(s) of the actual starting sequence number in order to decrease the length of the field.

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


4. Changes To EGPRS RLC/MAC header

The introduction of PAN within RLC/MAC blocks for data transfer requires changes to the RLC/MAC header. Different options are studied in this document: 

1) Introduction of the PAN occurrence and length indication within current EGPRS RLC/MAC header

2) Definition of (partly) new EGRS RLC/MAC headers including the PAN occurrence and length indication 

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 in the following sub-sections for the two cases above.
4.1 PAN Occurrence and Length Indication within Current RLC/MAC Headers  

4.1.1 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 validRRBP field indicates piggybacked Ack/Nack information occurrence and length (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


The meaning of the RRBP value in case of ES/P equal to “00” 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 Ack/Nack

	0 1
	21 [This corresponds to a bitmap of 5 to 10 bits (if Addr is 0-5 bits) or 5 bits if Addr=TFI]

	1 0
	29 [bitmap of 13 to 18 bits; or 13 bits]

	1 1
	37 [bitmap of 21 to 26 bits; or 21 bits]


The PAN lengths are chosen so that when 3 bits CRC is appended to PAN the length of the whole block is an integer number of octets.
4.1.2 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, 21 bits

	1
	0
	PAN, 29 bits

	1
	1
	PAN, 37 bits


4.1.3 Advantages and Disadvantages

The advantages and disadvantages of this method (PAN occurrence and length indication within current EGPRS RLC/MAC headers) are:
· The EGPRS RLC/MAC header coding is kept unchanged.

· Coding and puncturing of Ack/Nack and data parts are deterministic.

· The PAN length is limited to three values (e.g. 3, 4, 5 octets including CRC)

· MS cannot be polled when PAN is included
· Futureproofness is limited
4.2 (Partly) New RLC/MAC Headers with PAN Length Indication

The EGPRS RLC/MAC header would be changed when needed (i.e. no or no sufficient spare bits) to include a separate field specifying the length of PAN. It is assumed that a 3 bit field (PAN Indication: PANI), which allows up to 7 different lengths of PAN, would be sufficient as shown below:

Table 3: PAN Indication (PANI) bits 
	bits
	PAN occurrence and length

	000
	No PAN

	001
	PAN, 21 bits

	010
	PAN, 29 bits

	011
	PAN, 37 bits

	100
	PAN, 45 bits

	other
	Reserved (Note that other lengths could be defined. This is just an example)


Note: The new set of modulation and coding schemes shown in section 5.3, which is given as an example, does not support the PAN larger than 37 bits. However, other set of modulation and coding schemes supporting more PAN lengths can be designed easily.
4.2.1 Downlink
A new PANI field in the RLC/MAC header indicates the PAN length. The length of the header will increase which will affect the coding rates of all parts the RLC/MAC block. It is proposed to define, as for EGPRS, three header types (referred to as 1a, 2a and 3a) to match the three cases below:

· Two RLC data blocks per RLC/MAC block (8PSK) – Header 1a

· One RLC data block per RLC/MAC block (8PSK) – Header 2a

· One RLC data block per RLC/MAC block (GMSK) – Header 3a

The new headers are shown below. Note that MCS-x refers to the new modulation and coding schemes that need to be defined.

	10.3a.3.l
Header type 1a 
The combined downlink RLC/MAC header for MCS‑x MCS‑x and MCS‑x (header type 1a) is formatted according to figure 10.3a.3.1.l.
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Figure 10.3a.3.1.l: EGPRS downlink RLC data block header
for MCS-x, MCS-x and MCS-x.

10.3a.3.m
Header type 2a

The combined downlink RLC/MAC header for MCS‑x and MCS‑x (header type 2a) is formatted according to figure 10.3a.3.2.m.
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Figure 10.3a.3.2.m: EGPRS downlink RLC data block header
for MCS-5 and MCS-6.

10.3a.3.n
Header type 3a

The combined downlink RLC/MAC header for MCS‑x, MCS‑x, MCS‑x and MCS‑x (header type 3a) is formatted according to figure 10.3a.3.3.n.
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Figure 10.3a.3.3.n: EGPRS downlink RLC data block header
for MCS-x, MCS-x, MCS-x and MCS-x.




4.2.2 Uplink

A new PANI field in the RLC/MAC header indicates the PAN occurrence length. The spare bits in the current EGPRS RLC/MAC header types 1 and 2 can be used. Only the header type 3 is not appropriate and a new header type 3a should be defined.

Like in downlink, three header types allow the following cases:

· Two RLC data blocks per RLC/MAC block (8PSK) – Header 1

· One RLC data block per RLC/MAC block (8PSK) – Header 2

· One RLC data block per RLC/MAC block (GMSK) – Header 3a

Note that MCS-x(‘s) refers to the new modulation and coding schemes that need to be defined.

	10.3a.4.1
Header type 1: header for MCS-7, MCS-8, and MCS-9, and MCS-x’s
The EGPRS combined uplink RLC/MAC header for MCS‑7, MCS‑8, and MCS‑9, and new MCS-x’s to be listed (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 and new MCS-x’s to be listed.
10.3a.4.2
Header type 2: header for MCS-6, and MCS-5, and MCS-x 

The EGPRS combined uplink RLC/MAC header for MCS‑5, and MCS‑6, and new MCS-x’s to be listed (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, new MCSs to be listed

10.3a.4.x
Header type 3a : header for MCS-x, MCS-x, MCS-x and MCS-x 

The combined uplink RLC/MAC header for MCS‑x, MCS‑x, MCS‑x and MCS‑x (header type 3a) is formatted according to figure 10.3a.4.3.x.
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Figure 10.3a.4.3.x: uplink RLC data block header
for MCS-1, MCS-2, MCS-3 and MCS-4.




4.2.3 Advantages and Disadvantages

The advantages and disadvantages of this method (distinct PAN occurrence and length indication within RLC/MAC headers) are:
· The dedicated PANI field avoids the use of ES/P and RRBP combination. MS can be polled in an RLC/MAC block including a PAN.

· The 3-bit PANI field allows up to 7 different lengths of PAN, which should be sufficient.

-
If MS would be allowed to operate TBFs with legacy and new RLC/MAC block structure in multiple TBF mode then the actual type must be signalled via stealing flags or MS must decode the header twice. However, it can be assume that MS shall operate all TBFs in the same mode.

5. 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. 3 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 all 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, varies between the proposals. The parts are highlighted in the following sub-sections. 
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Figure 2: Channel coding of RLC/MAC block including PAN
5.1 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.
5.2 PAN encoding

The first steps of the PAN encoding up to the puncturing are common for the all proposals.
Firstly, three parity bits are added to the PAN bits delivered to the encoder. The robustness and the generator polynomial (e.g., D3 + D + 1) is left 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.

5.3 Current RLC/MAC Headers with PAN Length Indication

The channel coding mechanism must be changed in order to encode the new PAN part of data coming from the RLC/MAC layer. These changes are highlighted in the figure below as green boxes. 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 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. 

The PAN puncturing is applied in order to adjust the coding rate of PAN, which directly affects the robustness of error protection. It is assumed that the coding rate of PAN is adjusted to the one used for the header so both are ~equally robust. 
[image: image3.wmf]RLC

/

MAC Header

+ 

CRC

+ 

CRC

RLC data block 

2 

(

conditional

)

USF

+ 

CRC

RLC data block 

1

P

-

Ack

/

Nack

+ 

CRC

1

/

3 

CC

1

1

/

3 

CC

2

1

/

3 

CC

1

1

/

3 

CC

2

1

Tail

-

bitting

2

Tail bits

Puncturing

Puncturing

Puncturing

Puncturing

Header

P

-

Ack

/

Nack

RLC data block 

1

RLC data block 

2 

(

conditional

)

SF

Radio block

Interleaving


Figure 3: Changes in the channel coding due to PAN insertion
New Modulation and Coding Schemes

New families of modulation and coding schemes are defined so that they provide the same retransmission scheme with MCS switching as specified in the current specification. The payload of MCSs is reduced due to the insertion of PAN (the largest PAN size dictates the payload size for the different families). The new payload lengths are listed in table together with the families. The maximal throughput achievable with the new set is equal to the current MCS-8.

Table 4: New set of MCSs
	MCS
	1st block
(bytes)
	2nd block
(bytes)
	Total
(bytes)
	Data rate

(kbps)
	Family

	1
	18
	N/A
	18
	7.2
	C

	2
	26
	N/A
	26
	10.4
	B

	3
	34
	N/A
	34
	13.6
	A

	4
	36
	N/A
	36
	14.4
	C

	5
	52
	N/A
	52
	20.8
	B

	6
	68
	N/A
	68
	27.2
	A

	7
	52
	52
	104
	41.6
	B

	8
	62
	62
	124
	49.6
	A-padding

	9
	68
	68
	136
	54.4
	A


The coding rates of new MCSs are shown in tables 5 and 6 below when PAN of the maximal length 37 bits is carried within the block. The coding rates of the current MCSs are also included in the tables for comparison. A shorter PAN or no PAN results in a more robust encoding of the data part because the PAN coding does not change. Tables 7 and 8 show the coding rates for 21 bits length PAN.

Table 5: Coding rates of the current MCSs and new MCSs (37 bits PAN) - Downlink
	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.53
	0.53
	0.53
	0.63
	0.53

	2
	0.53
	0.66
	0.53
	0.63
	0.74

	3
	0.53
	0.85
	0.53
	0.63
	0.95

	4
	0.53
	1.00
	0.53
	0.63
	1.00

	5
	0.33
	0.38
	0.33
	0.33
	0.39

	6
	0.33
	0.49
	0.33
	0.33
	0.50

	7
	0.36
	0.76
	0.36
	0.42
	0.77

	8
	0.36
	0.92
	0.36
	0.42
	0.91

	9
	0.36
	1.00
	0.36
	0.42
	1.00


Table 6: Coding rates of the current MCSs and new MCSs (37 bits PAN) - Uplink

	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.49
	0.53
	0.49
	0.63
	0.53

	2
	0.49
	0.66
	0.49
	0.63
	0.74

	3
	0.49
	0.85
	0.49
	0.63
	0.95

	4
	0.49
	1.00
	0.49
	0.63
	1.00

	5
	0.33
	0.38
	0.33
	0.33
	0.39

	6
	0.33
	0.49
	0.33
	0.33
	0.50

	7
	0.34
	0.76
	0.34
	0.42
	0.77

	8
	0.34
	0.92
	0.34
	0.42
	0.91

	9
	0.34
	1.00
	0.34
	0.42
	1.00


Table 7: Coding rates of the current MCSs and new MCSs (21 bits PAN) - Downlink

	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.53
	0.53
	0.53
	0.63
	0.49

	2
	0.53
	0.66
	0.53
	0.63
	0.68

	3
	0.53
	0.85
	0.53
	0.63
	0.87

	4
	0.53
	1.00
	0.53
	0.63
	0.92

	5
	0.33
	0.38
	0.33
	0.33
	0.37

	6
	0.33
	0.49
	0.33
	0.33
	0.48

	7
	0.36
	0.76
	0.36
	0.42
	0.75

	8
	0.36
	0.92
	0.36
	0.42
	0.88

	9
	0.36
	1.00
	0.36
	0.42
	0.97


Table 8: Coding rates of the current MCSs and new MCSs (21 bits PAN) - Uplink
	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.49
	0.53
	0.49
	0.63
	0.49

	2
	0.49
	0.66
	0.49
	0.63
	0.68

	3
	0.49
	0.85
	0.49
	0.63
	0.87

	4
	0.49
	1.00
	0.49
	0.63
	0.92

	5
	0.33
	0.38
	0.33
	0.33
	0.37

	6
	0.33
	0.49
	0.33
	0.33
	0.48

	7
	0.34
	0.76
	0.34
	0.42
	0.75

	8
	0.34
	0.92
	0.34
	0.42
	0.88

	9
	0.34
	1.00
	0.34
	0.42
	0.97


5.4  (Partly) New RLC/MAC Headers with PAN Length Indication

The extension of the current RLC/MAC header increases in most cases the total number of header bits delivered from the RLC/MAC layer. The current parity check and convolutional codes with the larger header are assumed to be applicable.
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Figure 4: Channel coding with new RLC/MAC header including PAN
New Modulation and Coding Schemes

The modulation and coding schemes are divided into the families as shown in Table 4. The intention is to apply the current generator polynomials to the new RLC/MAC. The number of raw bits available for the header is kept the same. The header coding rate increases as the result of higher puncturing. The coding rates are summarized in the following tables
Table 9: Coding rates of the current MCSs and new MCSs (37 bits PAN) - Downlink
	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.53
	0.53
	0.57
	0.63
	0.53

	2
	0.53
	0.66
	0.57
	0.63
	0.74

	3
	0.53
	0.85
	0.57
	0.63
	0.95

	4
	0.53
	1.00
	0.57
	0.63
	1.00

	5
	0.33
	0.38
	0.36
	0.33
	0.39

	6
	0.33
	0.49
	0.36
	0.33
	0.50

	7
	0.36
	0.76
	0.39
	0.42
	0.77

	8
	0.36
	0.92
	0.39
	0.42
	0.91

	9
	0.36
	1.00
	0.39
	0.42
	1.00


Table 10: Coding rates of the current MCSs and new MCSs (37 bits PAN) - Uplink
	 
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.49
	0.53
	0.51
	0.63
	0.53

	2
	0.49
	0.66
	0.51
	0.63
	0.74

	3
	0.49
	0.85
	0.51
	0.63
	0.95

	4
	0.49
	1.00
	0.51
	0.63
	1.00

	5
	0.33
	0.38
	0.33
	0.33
	0.39

	6
	0.33
	0.49
	0.33
	0.33
	0.50

	7
	0.34
	0.76
	0.34
	0.42
	0.77

	8
	0.34
	0.92
	0.34
	0.42
	0.91

	9
	0.34
	1.00
	0.34
	0.42
	1.00


Table 11: Coding rates of the current MCSs and new MCSs (21 bits PAN) - Downlink
	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.53
	0.53
	0.57
	0.63
	0.49

	2
	0.53
	0.66
	0.57
	0.63
	0.68

	3
	0.53
	0.85
	0.57
	0.63
	0.87

	4
	0.53
	1.00
	0.57
	0.63
	0.92

	5
	0.33
	0.38
	0.36
	0.33
	0.37

	6
	0.33
	0.49
	0.36
	0.33
	0.48

	7
	0.36
	0.76
	0.39
	0.42
	0.75

	8
	0.36
	0.92
	0.39
	0.42
	0.88

	9
	0.36
	1.00
	0.39
	0.42
	0.97


Table 12: Coding rates of the current MCSs and new MCSs (21 bits PAN) - Uplink
	
	Current
	New

	MCS
	Header
	Data
	Header
	Ack/Nack
	Data

	1
	0.49
	0.53
	0.51
	0.63
	0.49

	2
	0.49
	0.66
	0.51
	0.63
	0.68

	3
	0.49
	0.85
	0.51
	0.63
	0.87

	4
	0.49
	1.00
	0.51
	0.63
	0.92

	5
	0.33
	0.38
	0.33
	0.33
	0.37

	6
	0.33
	0.49
	0.33
	0.33
	0.48

	7
	0.34
	0.76
	0.34
	0.42
	0.75

	8
	0.34
	0.92
	0.34
	0.42
	0.88

	9
	0.34
	1.00
	0.34
	0.42
	0.97


6. 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. 
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. The RLC receiver inserts PAN in few consecutive RLC/MAC block after a decision about the inclusion is made.

Note that polling for PAN by the network could be considered in the downlink for the case of new RLC/MAC headers described in §4.2. The ES/P=’00’ combination could be used for this purpose (polling, RRBP invalid) or a new bit could be included. 

7. Conclusions
Two ways how to introduce a new EGPRS RLC/MAC block structure carrying a piggybacked Ack/Nack are described in this contribution on the basis of an independently coded PAN containing a bitmap of variable length: reuse of all existing RLC/MAC headers or introduction of new RLC/MAC headers. The introduction of new EGPRS RLC/MAC block structure implies the definition of new MCSs.
The compatibility requirements, namely to assure the USF decoding for legacy MS, are satisfied in both cases. 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.

The first proposal reuses the legacy EGPRS RLC/MAC header. Thus, it provides the same robustness of the header coding. However the MS cannot be polled by an RLC/MAC block carrying the piggybacked Ack/Nack. The first proposal also limits the piggybacked Ack/Nack length to 3 values. The second proposal solves the above mentioned problems at the cost of either an increased header coding rate by few tenths (at same data rates) or of a decreased data rate (at same header coding rate). How the increased coding rate of the RLC/MAC header affects the performance is left for further study. Despite the fact that there is more flexibility in the PAN length signaling, the maximal PAN length must be defined in order to be able to define new set of MCSs and divide it into families.

The proposals in this document need to be evaluated by means of simulations (L1 and L2), and compared with a solution of a fixed-size independently coded PAN. 
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