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1 Introduction
In the RAN WG 1#23 meeting it has been agreed by most companies that the constellation rearrangement (CoRe) technique [1]

 REF RefBitInter \h 
[2]

 REF RefCoRe2 \h 
[3]

 REF RefCoReText \h 
[4] should be included in the HSDPA TR. However, it has not been discussed yet how to signal the proposed constellation rearrangements. This paper presents a scheme for a joint signaling of the 2-stage rate matching redundancy versions and the constellation rearrangements allowing full flexibility for partial IR, full IR and CC operation. It is proposed to use in total 3 bits for the 2-stage rate matching and CoRe functionality. 

2 Proposed DL Signaling Method

In order to provide a flexible signaling scheme allowing the optimum HARQ performance for any combination of puncturing rates at the 1st and the 2nd stage of the 2-stage rate matching, for 16‑QAM we propose to use 3 bits on the HS-SCCH for a joint signaling of the redundancy versions (RVs) and the constellation rearrangements as defined in Table 1.

Since for QPSK constellation rearrangement is not applicable, the constellations do not need to be signaled in this case. Therefore, according to the current RAN WG1 assumptions we see the following options how to include the proposed signaling into the current HS‑SCCH structure:

1. using 3 bits of signaling for QPSK to signal up to 8 redundancy versions (Table 2). This means Part-2 of the HS-SCCH information would always contain 13 bits (for QPSK and for 16‑QAM).

2. using 2 bits of signaling for QPSK to signal 4 redundancy versions according to RV0 – RV3 in Table 2. This means Part-2 of the HS-SCCH information would contain 12 bits in case the modulation bit in Part-1 indicates QPSK and Part-2 of the HS-SCCH information would contain 13 bits in case the modulation bit in Part-1 indicates 16-QAM. 

The presented signaling scheme allows operation in the following modes at any puncturing rate for 16-QAM (for details see Tables in Annex A):

· Full IR + CoRe 

· Partial IR + CoRe

· CC + CoRe

Table 1 shows the parameter settings for the proposed signaling, where the 2-stage rate matching related parameters s, r are according to the scheme proposed in [5] and as described in the current HSDPA TR [7]. The constellation rearrangement related parameter b is given in Table 5  in Annex A, which is compliant to the text proposal provided in [4].

	HARQ Parameter Value
	RV Version
	Constellation Rearrangement Parameter Value

	
	
	RV Parameter Value
	b

	
	
	S
	r
	

	0
	RV0
	1
	0
	0

	1
	RV1
	0
	0
	0

	2
	RV2
	1
	1
	1

	3
	RV3
	0
	1
	1

	4
	RV0
	1
	0
	1

	5
	RV0
	1
	0
	2

	6
	RV0
	1
	0
	3

	7
	RV2
	1
	1
	0


Table 1.
Proposed Signaling for 16-QAM.

	HARQ Parameter Value
	RV Version

	
	
	RV Parameter Value

	
	
	s
	r

	0
	RV0
	1
	0

	1
	RV1
	0
	0

	2
	RV2
	1
	1

	3
	RV3
	0
	1

	4
	RV4
	1
	2

	5
	RV5
	0
	2

	6
	RV6
	1
	3

	7
	RV7
	0
	3


Table 2.
Signaling for QPSK.

3 Performance

3.1 Impact on HS-SSCH Performance

According to the current assumption for the DL signaling structure [7] the signaling concerning the redundancy versions is carried on Part‑2 of the HS-SCCH information, which contains 12 bits. The presented methods would increase the Part‑2 by one bit for 16-QAM (option 1 also for QPSK), which does not decrease the decoding performance according to our simulations.

3.2 HARQ Performance

Our simulation results for a transparent 1st stage of the 2-stage rate matching show that the performance of full IR + CoRe, partial IR + CoRe or CC + CoRe depends on the puncturing rate of the 2nd rate matching. Table 3 shows the simulated relative gains vs. Full IR (without CoRe) @ 10 % FER for different puncturing rates if applying the schemes as given in Annex A.

	Overall Code Rate
	Puncturing Rate of 2nd RM
	Full IR + CoRe
	Partial IR + CoRe
	CC + CoRe

	
	
	2nd TX
	3rd TX
	4th TX
	2nd TX
	3rd TX
	4th TX
	2nd TX
	3rd TX
	4th TX

	0.331
	0 %
	0.0
	-
	-
	1.2
	1.3
	1.7
	1.2
	2.0
	2.7

	0.370
	10 %
	0.0
	-
	-
	0.4
	0.4
	0.6
	0.4
	1.0
	1.5

	0.417
	20 %
	0.0
	-
	-
	0.3
	0.3
	0.5
	0.2
	0.8
	1.2

	0.500
	33 %
	0.0
	0.3
	0.8
	0.2
	0.1
	0.6
	-0.1
	0.3
	1.0

	0.667
	50 %
	0.0
	0.3
	0.7
	-0.3
	-0.5
	-0.4
	-0.8
	-0.3
	0.1

	0.750
	56 %
	0.0
	0.5
	0.5
	-1.0
	-1.0
	-1.1
	-1.6
	-0.7
	-0.4


Table 3.
AWGN Gain in dB @ 10 % FER for 2nd, 3rd and 4th transmission with respect to Full IR (RV0 – RV3) without CoRe.

Generally, the performance of the 2nd transmission should have priority over the 3rd transmission, which in turn should have priority over the 4th transmission. Moreover, in case of equal performance partial IR should have priority over full IR, since for partial IR self-decodability is guaranteed. The results in Table 3 lead to the selection of the optimum schemes as shown in Table 4 depending on the puncturing rate of the 2nd rate matching.

	Overall Code Rate
	Puncturing Rate of 2nd RM
	Optimum Scheme(s)

	0.331
	0 %
	CC + CoRe

	0.370
	10 %
	CC + CoRe

	0.417
	20 %
	CC + CoRe / Partial IR + CoRe

	0.500
	33 %
	CC + CoRe / Partial IR + CoRe / Full IR + CoRe

	0.667
	50 %
	Full IR + CoRe

	0.750
	56 %
	Full IR + CoRe


Table 4.
Optimum schemes according to results in Table 3 depending on the puncturing rate of 2nd rate matching.

We expect that the choice of the optimum scheme depends on the puncturing rate of the 2nd rate matching and not on the overall code rate (which depends on 1st and 2nd rate matching), since the puncturing of the 2nd rate matching defines how many redundancy bits are available for retransmissions and, hence, how efficient an incremental redundancy scheme performs with respect to Chase Combining. However, at this point we have not completed simulations with a non‑transparent 1st rate matching.

It should be noted, that the proposed signaling for 16-QAM also provides the flexibility to operate with any scheme (full IR + CoRe, partial IR + CoRe, CC + CoRe) at any code rate, i.e. the network could be configured to operate with CC + CoRe only.

4 Conclusion
In this contribution we presented a joint signaling scheme for the 2-stage rate matching and the constellation rearrangement by using 3 signaling bits for 16-QAM. The presented scheme allows to operate with full IR, partial IR and Chase Combining for any code rate and any combination of puncturing rates for the 1st and 2nd rate matching. Moreover, it is shown that the constellation rearrangement enhances the performance not only for Chase Combining, but also for partial and full IR. Hence, we propose to include the constellation rearrangement technique according the text proposal provided in [4] and the presented signaling scheme in the HSDPA TR.
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Annex A

	Constellation Rearrangement Parameter b
	Output bit sequence
	Operation
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	Swapping i1 with i2 and q1 with q2
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	XOR with 0011 (equivalent to inversion of the logical values of  i2 and q2 )
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	Swapping i1 with i2 and q1 with q2 and XOR with 0011 


Table 5.
Constellation Rearrangement Parameter b.

Annex B

	Transmission
	HARQ Parameter Value
	RV Version
	Constellation Rearrangement Parameter Value

	
	
	
	RV Parameter Value
	b

	
	
	
	s
	r
	

	1
	0
	RV0
	1
	0
	0

	2
	1
	RV1
	0
	0
	0

	3
	2
	RV2
	1
	1
	1

	4
	3
	RV3
	0
	1
	1

	5
	4
	RV0
	1
	0
	1

	6
	1
	RV1
	0
	0
	0

	7
	7
	RV2
	1
	1
	0

	8
	3
	RV3
	0
	1
	1


Table 6.
Suggestion for the choice of redundancy versions and constellations for full IR + CoRe operation.

	Transmission
	HARQ Parameter Value
	RV Version
	Constellation Rearrangement Parameter Value

	
	
	
	RV Parameter Value
	b

	
	
	
	s
	r
	

	1
	0
	RV0
	1
	0
	0

	2
	2
	RV2
	1
	1
	1

	3
	4
	RV0
	1
	0
	1

	4
	7
	RV2
	1
	1
	0

	5
	5
	RV0
	1
	0
	2

	6
	2
	RV2
	1
	1
	1

	7
	6
	RV0
	1
	0
	3

	8
	7
	RV2
	1
	1
	0


Table 7.
Suggestion for the choice of redundancy versions and constellations for partial IR + CoRe operation.

	Transmission
	HARQ Parameter Value
	RV Version
	Constellation Rearrangement Parameter Value

	
	
	
	RV Parameter Value
	b

	
	
	
	s
	r
	

	1
	0
	RV0
	1
	0
	0

	2
	4
	RV0
	1
	0
	1

	3
	5
	RV0
	1
	0
	2

	4
	6
	RV0
	1
	0
	3

	5
	0
	RV0
	1
	0
	0

	6
	4
	RV0
	1
	0
	1

	7
	5
	RV0
	1
	0
	2

	8
	6
	RV0
	1
	0
	3


Table 8.
Suggestion for the choice of the constellations for CC + CoRe operation.
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