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Introduction 

This contribution proposes to use a synchronous N-channel stop-and-wait HARQ protocol with reliable or implicit signalling as well as self decode-able transmissions during SHO. It is assumed that the HARQ channel process ID is always tied to the CFN.  During SHO the IR redundancy version of the packet transmission may be implicitly indicated by the CFN. Two options are considered one where the SHO state is used to indicate when the IR version is tied to the CFN and another where specific TFCs are reserved to have the characteristic that their IR version is tied to the CFN (i.e. the TFC indicator itself also (implicitly) indicates whether the IR version is tied to the CFN or not). It is assumed that the mapping of the IR version to a particular IR redundancy vector (based on S and R parameters) is determined by a combination of the indicated IR version and selected/signalled TFC.
1. HARQ protocols and Signalling
At RAN2#42,42bis and RAN1#37,37bis the following agreements were captured in 25.309v0.1.0:

· Stop and Wait HARQ protocol will be used

· The HARQ is based on synchronous DL ACK/NACK

· Intra-NodeB macrodiversity and Inter-NodeB macrodiversity should be supported for the E-DCH with HARQ

· Incremental Redundancy will be supported in addition to Chase combining.

· The type of N-channel stop-and-wait protocol is for FFS.

It is desired to have very reliable HARQ signalling during SHO. Two options are considered where both options assume:

a) fully synchronous N-channel stop-and-wait protocol is used with the HARQ channel process ID tied to the CFN
b) Each TFC has a known distinct mapping between indicated IR version and redundancy version (as determined by S and R parameters).  The IR version maybe explicitly or implicitly (e.g. tied to CFN) signalled.
Option 1: 

During SHO, the IR version indicator for a packet transmission is implicitly indicated by the CFN and is chosen to be self-decode-able. That is, only TFCs with all self-decode-able redundancy versions are used during SHO with the IR version indicator tied to the CFN. When not in SHO the UE explicitly signals an IR version indicator in the E-DPCCH. The UE and the active set Node-Bs need to know the SHO state.  There may be some delay between when the UE and Node-B achieve the same SHO state resulting in packet errors during that time interval. This interval is expected to be bounded on the order of several Radio Frames.
Implementation Option 1: A combined IR version indicator and NDI counter to be incremented with the transmission of each packet IR version.  A ‘000’ counter means new packet using IR version 0 and to flush soft buffer. During SHO, the IR version is determined by the CFN. When not in SHO the IR version is determined by the NDI/IR counter.  
Option 2: 

During SHO, specific TFCs (as signalled by the TFC indicator sent on the E-DPCCH) may be chosen by the UE that are known by the UE and active set Node-Bs to have their IR version tied to the CFN and are optionally defined to have only self-decode-able redundancy versions.  When not in SHO the UE is free to choose any of the TFCs including those whose IR version is indicated explicitly through signalling on the E-DPCCH.  This option has no timing synchronization issues as in Option 1 since it can be performed independent of the SHO state.  If the UE is free to choose between the two types of TFC (explicit and implicit IR version indication types) during SHO then full IR (with non-self decode-able transmissions) can even be supported during SHO.
Implementation Option 2: Either a combined IR version indicator and NDI counter can be used or the IR version and NDI counter can be separate fields in the E-DPCCH.  The combined indicator has fewer bits but perhaps more error conditions than having separate NDI and IR fields.

2. Conclusion

A fully asynchronous N-channel stop-and-wait HARQ protocol requires explicit signalling of the HARQ channel process ID as well as IR version both in and out of SHO for full IR flexibility. A synchronous N-channel stop and wait HARQ protocol with implicit signalling for HARQ channel process ID and with implicit signalling for the IR redundancy version based on the selected TFC was described as Option 2 in this paper.  Option 2 is proposed as the most reliable method of performing HARQ during SHO while still supporting full IR.  
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ANNEX A

Table A1 HARQ Related Information


[image: image1.emf]TFRI Fully Synchronous Partially Asynchronous Fully Asynchronous

MCS 5 bits 5 bits 5 bits

NDI 3 bits 3 (1 bit if no SHO) 3 (1bit if no SHO)

HARQ Channel 0 bits 0 (tied to CFN) 3 bits

IR Version 0 bits (NDI used **) 0 bits (NDI used **) 0 bits (NDI used **)

Total TFRI Bits 8 bits 8 bits 11 bits

Tail [see 3] 0 bits 0 bits 0 bits

CRC 16 bits 16 bits 16 bits

Total Bits 24 bits 24 bits 27 bits

TFRI Transmission 1st Tx of Packet * Every Tx of Packet Every Tx of Packet

ACK/NACK  Synchronous with Tx Synchronous with Tx Synchronous with Tx

* Due to reliability concerns it is likely that the TFRI would be sent even on re-transmissions.
** When no SHO the NDI counter also indicates the IR version for synchronous HARQ otherwise for SHO the IR version is implicitly indicated via the TFC indicator. For asynchronous HARQ the IR version is always indicated by the NDI counter independent of the SHO state.

Table A2 MCSs categorized by IR Signaling type (implicit vs. explicit)
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1

8

16
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30

8

0.53

4

0.33

2.667

0.33

IR(TFC)

2

16

32

128

BPSK

60

16

0.53

8

0.33

5.333

0.33

IR(TFC)

3

32

64

64

BPSK

120

32

0.53

16

0.33

10.67

0.33

IR(TFC)

4

40

80

32

BPSK

240

40

0.33

20

0.33

13.33

0.33

IR(TFC)

5

64

128

32

BPSK

240

64

0.53

32

0.33

21.33

0.33

IR(TFC)

6

80

160

16

BPSK

480

80

0.33

40

0.33

26.67

0.33

IR(TFC)

7

96

192

16

BPSK

480

96

0.40

48

0.33

32

0.33

IR(TFC)

8

128

256

16

BPSK

480

128

0.53

64

0.33

42.67

0.33

IR(TFC)

9

160

320

8

BPSK

960

160

0.33

80

0.33

53.33

0.33

IR(TFC)

10

192

384

8

BPSK

960

192

0.40

96

0.33

64

0.33

IR(TFC)

11

256

512

8

BPSK

960

256

0.53

128

0.33

85.33

0.33

IR(TFC)

12

320

640

4

BPSK

1920

320

0.33

160

0.33

106.7

0.33

IR(TFC)

13

384

768

4

BPSK

1920

384

0.40

192

0.33

128

0.33

IR(TFC)

14

640

1280

4

QPSK

1920

640

0.33

320

0.33

213.3

0.33

IR(TFC)

15

768

1536

4

QPSK

1920

768

0.40

384

0.33

256

0.33

IR(TFC)

16

960

1920

4

QPSK

1920

960

0.50

480

0.33

320

0.33

IR(TFC)

17

1152

2304

4

QPSK

1920

1152

0.60

576

0.33

384

0.33

IR(explicit)

18

1280

2560

2

QPSK

3840

1280

0.333

640

0.33

426.7

0.33

IR(TFC)

19

1440

2880

2

QPSK

3840

1440

0.375

720

0.33

480

0.33

IR(TFC)

20

1728

3456

2

QPSK

3840

1728

0.450

864

0.33

576

0.33

IR(explicit)

21

1920

3840

2

QPSK

3840

1920

0.500

960

0.33

640

0.33

IR(explicit)

22

2160

4320

2

QPSK

3840

2160

0.563

1080

0.33

720

0.33

IR(explicit)

23

2160

4320

2,8

QPSK

4800

2160

0.450

1080

0.33

720

0.33

IR(explicit)

24

2880

5760

2,8

QPSK

4800

2880

0.600

1440

0.33

960

0.33

IR(explicit)

25

3200

6400

2,8

QPSK

4800

3200

0.667

1600

0.33

1067

0.33

IR(explicit)

26

3400

6800

2,8

QPSK

4800

3400

0.708

1700

0.35

1133

0.33

IR(explicit)

27

3649

7298

2,8

QPSK

4800

3649

0.760

1824.5

0.38

1216

0.33

IR(explicit)

28

4096

8192

2,8

QPSK

4800

4096

0.853

2048

0.427

1365

0.33

IR(explicit)

29

4800

9600

2,8

QPSK

4800

4800

1.000

2400

0.500

1600

0.33

IR(explicit)

30

TBD

31

TBD

32

TBD

33

TBD
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		TFRI		Fully Synchronous		Partially Asynchronous		Fully Asynchronous

		MCS		5 bits		5 bits		5 bits

		NDI		3 bits		3 (1 bit if no SHO)		3 (1bit if no SHO)

		HARQ Channel		0 bits		0 (tied to CFN)		3 bits

		IR Version		0 bits (NDI used **)		0 bits (NDI used **)		0 bits (NDI used **)

		Total TFRI Bits		8 bits		8 bits		11 bits

		Tail [see 3]		0 bits		0 bits		0 bits

		CRC		16 bits		16 bits		16 bits

		Total Bits		24 bits		24 bits		27 bits

		TFRI Transmission		1st Tx of Packet *		Every Tx of Packet		Every Tx of Packet

		ACK/NACK		Synchronous with Tx		Synchronous with Tx		Synchronous with Tx






