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1 Introduction
In this contribution we propose a HARQ bit‑mapping scheme for 16‑QAM 2-stage rate matching operation. The presented scheme is based on the Constellation Rearrangement scheme presented earlier [1]

 REF RefCoRe2 \h 
[2] and is compatible to the SMP bit‑mapping scheme proposed by Samsung [3]. It can be integrated easily into the current HARQ functionality block and provides an additional gain in performance to the 2‑stage rate matching.

2 HARQ Bitmapping

2.1 Basics

As shown in various contributions [1]

 REF RefSMP \h 
[3]

 REF RefBitInter \h 
[4]

 REF RefRMAdapt \h 
[7]

 REF RefBitSep \h 
[8]

 REF RefRandInter \h 
[9] when operating with higher order modulation schemes, such as 16-QAM, the reliabilities of the transmitted bits depend on which position they are mapped onto a modulation symbol. 

Considering only the initial transmission, e.g. the SMP schemes [3] applying a special mapping for the systematic bits and the parity bits, can slightly enhance the performance for low code rates. 

Considering, however, multiple transmissions, significant performance gain can be achieved by averaging the bit reliabilities for repeatedly transmitted bits as proved in [1]

 REF RefCoRe2 \h 
[2]

 REF RefBitInter \h 
[4]

 REF RefSwitchSMP \h 
[6]

 REF RefRMAdapt \h 
[7]

 REF RefRandInter \h 
[9]. 

Chase Combining

In case of retransmitting identical information (retransmitting identical redundancy versions), it has been shown that the averaging of the bit reliabilities, such as the Constellation Rearrangement [1] provides a significant additional gain for retransmissions to the SMP gain for the initial transmission. This shows that in case of combining the LLRs from various received packets, the bit-mapping gain is obtained by averaging out the LLRs for all (systematic and parity) bits and not from prioritizing the systematic bits over the parity bits (SMP). Since all bits are transmitted n-times after the nth transmission (n-1th retransmission)f the averaging of the reliabilities can be performed in a straight forward way [1]

 REF RefCoRe2 \h 
[2].

Incremental Redundancy with 2-Stage Rate Matching

In case of HARQ IR with 2-stage rate matching operation with multiple redundancy versions, a perfect averaging of the bit reliabilities becomes more complicated than in the Chase Combining case. Since the different redundancy versions contain partly repeated bits and partly new bits (or bits which have been less times repeated), the repeated bits would have to be treated differently from the new bits in order to guarantee a perfect bit reliability averaging. This means that one would have to keep track of how often each specific bit has been transmitted and to take this into consideration for the bitmapping/averaging algorithm.

In this case the tracking of the individual bits would be quite elaborate for all possible code rates. Hence, we propose a simplified bit‑mapping/averaging scheme as described in the following section.

2.2 Proposed Scheme

In the proposed HARQ bit‑mapping scheme the averaging of the bit reliabilities is performed for each redundancy version separately (for details see examples in the next section). This means the averaging process of the bit reliabilities over retransmission is an extension of the concept for the Chase Combining case [1]. This concept is substantially simpler than a perfect averaging – no tracking of the individual bits is necessary.

The proposed scheme requires a modification of the HARQ functionality defined in [10] as shown in Figure 1, The scheme can be operated with and without the SMP bitmapping scheme proposed by Samsung. 
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	Figure 1.
Physical layer Hybrid ARQ functionality.


The operations to be performed by the HARQ Bit‑Mapping block are described below. The resulting 16‑QAM bit‑to‑symbol mapping is equivalent to the Constellation Rearrangement scheme (changing the bit‑to‑symbol mapping rule) presented in earlier contributions [1]

 REF RefCoRe2 \h 
[2], also depicted in Annex B.
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	Logical Inversion of i2 and q2


2.3 Examples and Performance

In the following 3 examples the procedure and the achieved gains for the operation with 1,2 and 3 redundancy versions are shown for code rates ½ and ¾. Simulation assumptions and more detailed results can be found in Annex A.

It should be noted that the proposed scheme in single redundancy version operation for code rate ½ outperforms all other simulated schemes, while saving a significant amount of UE buffer.

Example 1

Operation with a single redundancy version (RV) – Chase Combining:

	Transmission (TX) No.
	Redundancy Version
	Bitmapping
	Gain with proposed Bitmapping (@ 10% FER)

	
	
	
	Code Rate ½ 
	Code Rate ¾ 

	1
	RV1
	Constellation 1
	-
	-

	2
	RV1
	Constellation 2
	1.4 dB
	1.2 dB

	3
	RV1
	Constellation 3
	2.2 dB
	2.2 dB

	4
	RV1
	Constellation 4
	3.0 dB
	3.0 dB

	5
	RV1
	Constellation 1
	3.2 dB
	3.0 dB


Example 2

Operation with 2 redundancy versions:

	Transmission (TX) No.
	Redundancy Version
	Bitmapping
	Comment
	Gain with proposed Bitmapping (@ 10% FER)

	
	
	
	
	Code Rate ½ 
	Code Rate ¾ 

	1
	RV1
	Constellation 1
	
	-
	-

	2
	RV2
	Constellation 1
	
	-*
	-*

	3
	RV1
	Constellation 2
	averaging with respect to 1st TX - RV1
	0.8 dB
	1.0 dB

	4
	RV2
	Constellation 2
	averaging with respect to 2nd TX - RV2
	1.2 dB
	1.5 dB

	5
	RV1
	Constellation 3
	averaging with respect to 1st+3rd TX - RV1
	1.7 dB
	2.0 dB


Example 3

Operation with 3 redundancy versions:

	Transmission (TX) No.
	Redundancy Version
	Bitmapping
	Comment
	Gain with proposed Bitmapping (@ 10% FER)

	
	
	
	
	Code Rate ½ 
	Code Rate ¾ 

	1
	RV1
	Constellation 1
	
	-
	-

	2
	RV2
	Constellation 1
	
	-*
	-*

	3
	RV3
	Constellation 1
	
	-*
	-*

	4
	RV1
	Constellation 2
	averaging with respect to 1st TX - RV1
	0.7 dB
	1.0 dB

	5
	RV2
	Constellation 2
	averaging with respect to 2nd TX – RV2
	1.1 dB
	1.5 dB


* Fine Tuning (additional gain)

· Depending on the actual implementation of the 2nd rate matching block (selecting the redundancy version) and the actual code rate, an additional performance gain can be obtained when starting out with different constellations than Constellation 1 for RV2 and RV3, when operating with 2 and 3 redundancy versions. We expect gains between 0.3 dB and 0.7 dB for 2nd transmission.

2.4 Signaling

Since 4 different HARQ bit‑mappings (constellations) are proposed, 2 signaling bits for the bit‑mapping are required.

3 Conclusion and Recommendation

In this contribution we analyzed HARQ bit‑mapping schemes for 16‑QAM. The 2‑stage rate matching algorithm does not allow a perfect bit reliability averaging over retransmissions without a significant increase in complexity.

Hence, we propose a simple HARQ bit‑mapping scheme to enhance the performance of the 2‑stage rate matching. The proposed scheme is based on the Constellation Rearrangement technique presented earlier [1]

 REF RefCoRe2 \h 
[2] and is compatible to the proposed SMP scheme.

Due to the fact that the presented HARQ bit‑mapping causes only a minor increase in complexity and enhances the HARQ performance, we propose  propose to adopt this scheme for HSDPA.
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Annex A

Simulation results according to examples shown in section 2.2.

	Chip-rate
	3.84Mcps
	

	Spreading Factor
	16
	

	Number of codes for HS-DSCH
	1
	

	Channel Model
	AWGN
	

	Carrier Frequency
	2 GHz
	

	Channel Estimation
	Ideal
	

	TTI Length
	2 ms (3 slots)
	

	# Iterations for Turbo Decoding
	8
	

	Turbo Decoder Metric
	MAX Log
	

	STTD
	Off
	

	Channel Coding
	Turbo Code (rates ~½, ~¾)
	Generated from rate 1/3 Turbo Code.

	Modulation
	16-QAM
	1920 channel bits per TTI

	SMP Bit‑Mapping
	Off
	

	HARQ Redundancy Versions
	2-Stage Rate Matching
	Omitted 1 Stage, full code available for 2nd stage 

	
RV1
	Systematic (S) bits not punctured
	Rate matching as in Release 99 

	
RV2
	Parity 1 (P1) bits not punctured
	Rate matching as in Release 99 with swapping bit Streams:

RV1
RV2


S
P1


P1
P2



P2
S

	
RV3
	Parity 2 (P2) bits not punctured
	Rate matching as in Release 99 with swapping bit Streams:

RV1
RV3


S
P2


P1
S


P2
P1


Table 1.
List of simulation parameters.
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Figure 2.
FER performance for 2nd transmission.
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Figure 3.
FER performance 3rd transmission.
[image: image8.emf]-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

10

-3

10

-2

10

-1

10

0

E

S

/N

0

 [dB]

FER

4 TX AWGN - TTI = 3 Slots (16-QAM, CR = 0.50, 2-Stage RM)

RV

1

+RV

2

+RV

3

+RV

1

 (w/o bitmap)         

RV

1

+RV

2

+RV

3

+RV

1

 (Const. 1+1+1+2)     

RV

1

+RV

1

+RV

1

+RV

1

 - CC (w/o bitmap)    

RV

1

+RV

1

+RV

1

+RV

1

 - CC (Const. 1+2+3+4)

RV

1

+RV

2

+RV

1

+RV

2

 (w/o bitmap)         

RV

1

+RV

2

+RV

1

+RV

2

 (Const. 1+1+2+2)     


Figure 4.
FER performance 4th transmission.
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Figure 5.
FER performance 5th transmission.
Annex B

Bit‑to‑symbol mapping equivalent to the scheme proposed in section 2.2 using bit-swapping and logical bit inversion.

	

	Figure 6.
16‑QAM signal constellations for the Constellation Rearrangement technique.
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