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‎Incremental Redundancy for Higher Order Modulation and Turbo Coding Schemes (HOMTC)
1 Introduction

Higher Order Modulation and Turbo Coding (HOMTC) has been proposed as a technical enhancement for inclusion within GERAN Evolution for Release 7. Spectral efficiency gains of 40-80% have been shown with a peak throughput increase of 33% when used as the sole technical enhancement. 

The current EGPRS capability includes an ARQ mechanism ‎[7]. This allows for re-transmission of blocks that have failed to be decoded correctly on first or subsequent transmissions, using Link Adaptation and/or Incremental Redundancy. The receiver side signals back to the transmission side using ACK/NACK messages, and the relevant block can be re-transmitted using either different puncturing of the initial MCS for the block, or a MCS in the same family. Hybrid ARQ using IR was an important conceptual step in the transition from GPRS, and provides considerable additional throughput. This is a component that is important to retain for inclusion within HOMTC.

This contribution discusses how Type I and Type II ARQ capabilities can be included for the HOMTC proposal.
2 EGPRS ARQ Scheme
The payload structure currently used in EGPRS is currently built around 3 “families” of MCSs as shown in Figure 1. This format was originally proposed during the EDGE Feasibility Study (e.g. ‎[9]). The family structure is constructed such that units of data already segmented from the Logical Link Control (LLC) layer can be transmitted using different MCSs depending on prevailing signal conditions. Alternatively, the punctured redundancy versions for each MCS allow for incremental redundancy. 

For example, consider Family A. The data is segmented in multiples of 37 octet units. Say a MCS9 block is transmitted. This contains 2 RLC packet data units (PDU) each one of 74 octets (2x37). Suppose that one of the PDU fails to be decoded on reception. If the separately (very robustly) coded header block is decoded, or if a higher block sequence number (BSN) is received, then the block is known by the receiver to have failed. This failure is indicated by MS uplink ACK/NACK signaling to the base station (BTS) for the case of downlink transmissions (and vice versa for uplink). There are then a number of options for re-sending the data (the detailed explanation is given in ‎[8] Section 8.1.1):

i) The failed PDU can be re-transmitted either as a PDU in another MCS9 block using a different redundancy version
ii) It can be re-transmitted as the content of an MCS6 block, or
iii) The 74 octet PDU can be split down into 2 separate 37 octet blocks, each of which is re-encoded separately as 2 MCS blocks. These are transmitted using MCS3 with signaling that the original PDU has been re-segmented.
It is noted that the MCS7, MCS8 and MCS9 channel coding schemes have 2 RLC PDUs, each of which is separately encoded before combination into the MCS. This was done because for convolutional coded blocks the probability of a block error reduces as the length of the block decreases.  As noted during the EDGE Feasibility study ‎[9], if this split is not done, and a 4x37 octet PDU is encoded with a single convolutional coded block the BLER performance becomes poor 
Turbo codes perform in the opposite manner. As is well known ‎[6], the performance improves as the information length in a coded block becomes longer. This principle is used in the next section.
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Figure 1: General description of the Modulation and Coding Schemes for EGPRS
3 Concept Proposal for ARQ with HOMTC

As we noted, in EGPRS the payloads for the higher MCSs were split to avoid the poorer performance when using higher coding rate blocks with convolutional coding. In this section we first examine the Turbo code structure, and note simulation data showing that for HOMTC, the performance is improved by encoding the payload as a single block. The proposal for management of ARQ and Link Adaptation is then discussed.
3.1 Turbo Coding Block Structure

The 3GPP RAN Turbo code is a Parallel concatenated code ‎[10]. The structure is shown in Figure 2. It is a Rate 1/3 code, with the output bits being systematic bits (the original information bits), plus 2 parity bits. There are 2 separate parity coding structures; the 1st encoder uses the information bits in the original order; the 2nd encoder uses the information bits after the internal Turbo interleaver. The internal interleaver causes the original bit order to be lost in parity 2 calculation - this produces a useful effect in terms of decoding in that, for the block lengths considered for HOMTC, we will not observe frame errors where only one half of the information data is in error. Either the complete block is correctly decoded, or neither half. 
This behaviour was verified in simulation. The same is also seen when simulating MCS8 and MCS9 as single and double blocks. 
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Figure 2: Structure of rate 1/3 Turbo coder (dotted lines apply for trellis termination only)
The comparison of performance for single and double RLC PDU blocks has been reported in ‎[3]. It has been seen that, for Turbo coded configurations there is a clear advantage in encoding the information as a single RLC PDU. As was seen in the EDGE Feasibility study ‎[9], this is not the case for convolutional coding, and so in the EDGE standardization process the data was split into 2 RLC PDUs for the higher MCSs.
The implication of this is that there is no reason to retain the split used in EGPRS for MCS7, MCS and MCS9 when using Turbo coding. As is seen in ‎[3], performance degrades for shortened blocks.
3.2 RLC/MAC Operation for HOMTC
As with EGPRS, the transfer of RLC Data Blocks in the acknowledged RLC/MAC mode can be controlled by a selective type I ARQ mechanism, or by type II hybrid ARQ (incremental redundancy (IR)) mechanism, coupled with the numbering of the RLC Data Blocks within one Temporary Block Flow. The sending side (the MS or the network) transmits blocks within a window and the receiving side sends Packet Uplink Ack/Nack or Packet Downlink Ack/Nack message when needed.

The ARQ mechanism is considered for 3 cases: 

i) Type I ARQ with Link Adaptation,

ii) Type II Hybrid ARQ with no intra block Link Adaptation

iii) Type II Hybrid ARQ with intra block Link Adaptation
3.2.1 Type I ARQ for HOMTC with Link Adaptation
The concept for Type I ARQ is almost identical to that for EGPRS. A slight modification is made to take advantage of the improved performance of Turbo coded blocks as the source code block length increases, and also to exploit the potential for higher throughput from the Higher order 16-ary modulation. The new MCSs are shown in Table 2; for reference current EGPRS MCSs are shown in Table 1.
Existing MCS7, MCS8 and MCS9 payloads are modified so the payload is encoded as a single PDU. These are configurations MCS7-T4-16APK, MCS8-T4-16APK and MCS9-T4-16APK in Table 2.
The MCS10-T4-16APK and MCS11-T4-16APK coding schemes are included to provide higher throughputs. The payloads for these are now aligned with existing MCS families.
The usage of the family structure is then as for EGPRS.
Table 1: Modulation and Coding Schemes for EGPRS
	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Raw Data (octets)
	Interleaving depth
	Data rate kb/s/slot
	Family

	MCS1
	0.53
	1
	1x22
	4
	8.0
	C

	MCS2
	0.66
	1
	1x28
	4
	11.2
	B

	MCS3
	0.85
	1
	1x37

     34+3
	4
	14.8
	A

	MCS4
	1.0
	1
	1x44
	4
	16.0
	C

	MCS5
	0.37
	1
	1x56
	4
	22.4
	B

	MCS6
	0.49
	1
	1x74
	4
	29.6
	A

	MCS7
	0.76
	2
	2x56
	4
	44.8
	B

	MCS8
	0.92
	2
	2x68
	2
	54.4
	A

	MCS9
	1.0
	2
	2x74
	2
	59.2
	A


Table 2: Modulation and Coding Schemes for HOMTC

	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Raw Data (octets)
	Interleaving depth
	Data rate kb/s
	Family

	MCS1-T4-8PSK

	0.14
	1
	1x22
	4
	8.0
	F

	MCS2-T4-8PSK
	0.18
	1
	1x28
	4
	11.2
	E

	MCS3-T4-8PSK
	0.24
	1
	1x37

        34+3
	4
	14.8
	D

	MCS4-T4-8PSK
	0.28
	1
	2x22
	4
	16.0
	F

	MCS5-T4-8PSK
	0.36
	1
	2x28
	4
	22.4
	E

	MCS6-T4-8PSK
	0.48
	1
	2x37
	4
	29.6
	D

	MCS7-T4-16APK
	0.55
	1
	4x28
	4
	44.8
	E

	MCS8-T4-16APK
	0.67
	1
	4x34
	4
	54.4
	D

	MCS9-T4-16APK
	0.73
	1
	4x37
	4
	59.2
	D

	MCS10-T4-16APK
	0.82
	1
	6x28
	4
	67.2
	E

	MCS11-T4-16APK
	1
	1
	6x34
	4
	81.6
	D


3.2.2 Type II Hybrid ARQ for HOMTC

The method proposed for Type II HARQ with HOMTC is similar to that for EGPRS, however the limitation regarding how re-transmissions may be done is removed. Currently, on re-segmenting a payload, the new payload parts are separately re-encoded and the re-segmentation is signaled. This occurs for example on re-transmission of data from MCS6 block using MCS3 – 2 MCS3 blocks need to be transmitted to transfer the original, and no capability of incremental redundancy combining is available. 
The following gives a description of how the modified HARQ would work. First we consider the case without LA, and then the case with LA.
3.2.2.1 No Link Adaptation

Consider a simplified example of a short block, ignoring tail bits also for simplicity. Suppose we have an information block of 16 information bits, 
[image: image3.wmf][

]

15

1

0

...

s

s

s

. This is encoded as


[image: image4.wmf][

]

1

,

15

0

,

15

15

11

10

1

01

00

0

...

p

p

s

p

p

s

p

p

s


where 
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 are the parity bits output with the kth systematic bit. Suppose we transmit the code word using 16APK with initial code rate 1. Then, until the codeword is correctly decoded, the transmission redundancy versions might follow a pattern such as that shown below
. On the first transmission, 16 systematic bits are sent. If the block is not received correctly, Transmission 2 is sent using a punctured redundancy version of 16 bits. This can be combined at the receiver for an additional attempt to decode. If, again the block is not received correctly, Transmission 3 is sent using another redundancy version of the bits. At this point all bits have been transmitted at least once. Again, an attempt at decoding is made. Should this fail the redundancy version sequence is repeated until the block is correctly decoded. At each stage the newly received bits can be combined with those received in previous punctured versions of the block, in order to improve the initial data input to the Turbo decoder.
Transmission 1:
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Transmission 2:
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Transmission 3:
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Table 3: Code Rate after each Transmission 

	
	No intra-block LA
	With intra-block LA

	Transmission Number
	Modulation
	Code Rate
	Modulation
	Code Rate

	1
	16APK
	1
	16APK
	1

	2
	16APK
	0.5
	8PSK
	0.57

	3
	16APK
	0.33
	8PSK
	0.4
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Figure 3: Example of Redundancy versions for a) all 16APK transmissions; b), c) tranmissions with first 16APK, then 8PSK modulation
3.2.2.2 With Link Adaptation

This section now considers an extension to the case of Section ‎3.2.2.1, where in this case a change of modulation is allowed. As above, the first transmission of the block is as for Transmission 1. Suppose that LA now occurs, and the transmissions will be made using 8PSK instead of 16APK
. Instead of dumping previously transmitted data from the higher modulation (as happens in re-segmentation from MCS6 to MCS3), it would be preserved on switching modulation. The new modulation scheme, say 8PSK, is used as a medium to continue bit transfer of the coded data block that we have already started transmission using 16APK. The advance of the coding rate for the cases with and without modulation change is shown in Table 3. This gives an advantage over EGPRS when switching modulations. Additionally, it is possible that the receiver will decode the source data after only one transmission over 8PSK, instead of 2 blocks over 8PSK as would be done using the EGPRS concept, thereby improving the throughput.

With regard to how to distribute the un-punctured bits for each re-transmission, a number of approaches could be taken. One possibility is to treat the 8PSK re-transmissions similar to split block, transmitting first the early part of the puncturing sequence, then on the next block transmitting the late part of the next sequence (see Figure 3  (b)). Alternatively, the rate matching can be configured to distribute the un-punctured bits evenly throughout the coded block for each re-transmission (see Figure 3  (c)). It is expected that Option 2 will give better performance.

3.2.3 Header Format

Some modification of the header format will be required to manage the signaling of a block using different modulation sequences. 
Note that it is possible that the header of the first version of the BSN transmission is not decoded correctly, and then the modulation is changed. There are 2 options for how to handle this. The first option is to include in the ACK/NACK signaling a flag bit for each block not correctly received, that indicates if the header was decoded or not. A block whose header was not decoded yet, can be moved to a different MCS in the family as no rendundancy information is yet stored at the receiver. Another option is not to signal this, and to allow the transmitter to change modulation in the middle of a block and allow the IR combining mechanism to reduce the code rate. It is anticipated that the second option is probably preferable. It avoids the modification to the ACK/NACK; and also the throughput performance is improved by using the longer source block length.
3.3 USF Signaling

In most cases that there are EGPRS and HOMTC MSs operating in the same cell, it will be possible to avoid any multiplexing loss. Strategies such as allocation to different hop sequences and timeslots, and intelligent aligments of signaling USFs for EGPRS only mobiles can mitigate most of the impact. However, there will be cases that there is no choice but to signal a USF to an EGPRS mobile on a block used for DL to a HOMTC mobile. In this case we should avoid the severe multiplexing loss that occurred by multiplexing in EGPRS over a previously GPRS service. If we were using MCS7 for transmission, then the EGPRS family would push us down to MCS2 to signal to a GPRS MS. However, in principle there is no reason to do this with HOMTC. As described in ‎3.2.2.2, we can use 8PSK modulation to provide an additional redundancy version of a previously transmitted block with minimal impact on the throughput. 
4 CONCLUSIONS
This contribution has investigated how the Link Adaptation and Incremental Redundancy concepts from EGPRS can be used in the Higher Order Modulation & Turbo Codes concept. A proposal has been discussed that includes use of these features, whilst retaining the special properties of Turbo coding. 
This information is proposed for inclusion in the GERAN Evolution Feasibility Study.
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� Note that for code rates below R=0.33, the rate is an effective one created by repetition of bit according to 25.212 rate matching. The Turbo code mother code rate is R=0.33.


� The precise redundancy versions should be set to allow use of 3GPP RAN rate matching algorithms � REF _Ref138066024 \r \h ��‎[10]�.





� Note that, in the case of moving from 8PSK to GMSK (MCS6 to MCS3), this results in a loss of previously received data.
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