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1. Introduction

Based on the initial working assumptions that: 

· two rate matching stages and constellation rearrangement (CoRe) are used,

· 2bits are provisionally reserved for redundancy version signaling,  

the designs of DL signaling for HAQR have been proposed in [2] and [3] to optimize the choice of effective combinations of redundancy parameters s, r and CoRe parameter b. Notably, signaling requirement is more critical for 16QAM
 than for QPSK since the latter does not employ CoRe. Using 3bits for signaling as in [2] gives double number of Xrv than 2bits scheme in [3], providing more flexibility for HS-DSCH performance optimization at the expense of negligible loss in HS-SCCH performance. Therefore 3bits signaling with 8Xrv proposed in [2] has been included in TR draft [1]. 

The contributions of this paper are followings:

Firstly, we show that using current Xrv, HS-DSCH performance is sub-optimal for the case of 16QAM medium (5/8) to high (3/4) coding rates due to the poor orthogonality between self-decodable and non self-decodable redundancy versions. Therefore, a new selection of Xrv should be used to provide more optimal performance for HS-DSCH.

Secondly, we show the needs for increasing the number of Xrv so that the HS-DSCH performance can be further optimized. It is followed by a new DL signaling proposal that exploits the “redundancy information” in 1bit new data indicator. By merging this information and parameter s, r and b, the new signaling supports 16Xrv and thus allows more flexibility in optimizing the performance of HS-DSCH in different situations requiring the same total number of signaling bits as currently assumed.   

2. Discussion and proposal on the optimal selection of Xrv
2.1 Discussion

One of the most basic motivations behind the HAQR related proposals (IR, CoRe, formula for eini calculation...) is that, the more uniform energy distribution in the combined trellis, the better performance can be obtained. In the Example 1 below, we show that current signaling is not inline with this basic principle when both self-decodable and non self-decodable are used in the subsequent transmissions. In this section, we assume that 1st rate matching is transparent as in [2]. Non-transparent 1st rate matching will be discussed in Section 3. 

In the Examples 1, 2 and 3 below, we will use the sequence of 4 transmissions recommended in Table 6 of [2] for use in case of 16QAM medium to high coding rate. The 1st and 3rd transmissions use self-decodable (s=1) with different r, the 2nd and 4th transmissions use non self-decodable (s=0) with different r. 

Example 1: Let’s consider the parity 1 trellises of 4 transmissions, where 16QAM with coding rate 5/8 (Np1=Nsys=1200, Ndata=1920) and 3/4 (Np1=Nsys=1440, Ndata=1920) are used. Note that rmax=2. 
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Rate 3/4

It can be seen that current signaling gives poor orthogonality between self-decodable and non self-decodable redundancy versions. As the result, there still punctured positions in the combined trellis after 3 transmissions while other positions have already been repeated, which lead to a clear energy unbalance in the combined trellis after 2, 3 and 4 transmissions.         

2.2 Proposal

We show in the Example 2 bellow that using a new choice of Xrv gives better orthogonality and more uniform distribution of the combined trellis (and thus better HS-DSCH performance) than that in Example 1.

Example 2: Let’s consider the parity 1 trellises of 4 transmissions, where 16QAM with coding rate 5/8 (Np1=Nsys=1200, Ndata=1920) and 3/4 (Np1=Nsys=1440, Ndata=1920) are used. Note that rmax=4. 
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Rate 3/4

It can be seen that there is much better orthogonality between self-decodable and non self-decodable redundancy versions. As the result, all bits are transmitted after 3 transmissions. There is also a good uniform energy distribution in the combined trellis after 2, 3 and 4 transmissions. The link level simulation results (see Appendix) show that Example 2 gives about 0.2dB performance improvement over the Example 1. The simulation uses current working assumptions as in [1]. The values of parameter b used in the transmissions are the same as in Table 6 of [2]. 

Therefore, we recommend that the following minimum signaling set, listed in Table 1 below, should be used. Note that now rmax=4 for 16QAM.

Table 1: New minimum set of redundancy version signaling for 16QAM

	Xrv (value)
	s
	r
	b

	0
	1
	0
	0

	1
	1
	0
	1

	2
	1
	0
	2

	3
	1
	0
	3

	4
	1
	2
	0

	5
	1
	2
	1

	6
	0
	1
	0

	7
	0
	3
	1


3. Discussion and proposal on the expansion of signaling capacity

3.1 Discussion

Due to the short of time, the choice of 8Xrv proposed in [2] is based on assumption that the 1st rate matching is transparent. In the Example 3 bellow, we show that even though the new set of Xrv in Table 1 provides more optimal performance than the current signaling, it may become sub-optimal if a non-transparent 1st rate matching is considered.

Example 3: Let’s consider the parity 1 trellises of 4 transmissions, where 16QAM with coding rate 3/4 (Nsys=1440, Ndata=1920) is used. We assume that UE capability is limited so that Np1=1200. Note that rmax=4.
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Even new proposed signaling is sub-optimal 
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Optimal sequence is not supported by minimum set of 8Xrv 

It can be seen that a sequence, which is optimal in case of transparent 1st rate matching, becomes sub-optimal in case of non-transparent 1st rate matching (there is punctured positions in the combined trellis after 3 transmissions). The optimal sequence for non-transparent 1st rate matching allows all bits to be transmitted after 2 transmissions and provides perfect uniform distributions in the combined trellis after 2 and 4 transmissions. However the parameters of 2nd and 3rd transmissions of this sequence are not in the minimum signaling set. Therefore, it is desirable to have more combinations Xrv so that Node B can make an optimal choice for different cases. 

Initially, 5 bits signaling (32Xrv) would be needed for signaling the parameters s, r and b (1 bit for s, 2 bits for r and 2 bits for b). However, simulations studies in [2] and [3] have shown that the number of effective combinations can be reduced from 32Xrv to 8Xrv and 4Xrv respectively to fit the initial limit that only 2bits should be used for signaling. Though scheme in [2] uses 3bits, the performance of HS-SCCH only slightly degrades. More importantly, it provides better performance optimization for HS-DSCH, which currently assumes up to 8 transmissions, than that proposed in [3]. It is because with 4Xrv, Node B must reuse the combinations after at most 4 transmissions, which also means that Chase combining is used in the subsequent transmissions and performance after 4 transmissions is sub-optimal. Even though the situation is improved with 8Xrv, Node B still has to use sub-optimal Chase combining after at least 5 transmissions (see Tables 6 and 7 in [2]). Therefore, it is desirable to have more combinations Xrv so that Node B can always make an optimal choice for up to 8 transmissions. 

3.2 Proposal

Having discussed the need for extra combinations to be included in the signaling for HARQ, we propose the new signaling scheme that provides 16Xrv requiring the same number of bits for signaling as bellow. 

We observe the followings:

a). In the first transmission when new data indicator (NDI) equal 1:

· self-decodable must be used (systematic bits are more important than parity bits) i.e. s=1

· It does not mater which redundancy version should be used. Therefore, without loss of generality, it can be assumed that r=0

· In [1] “bits collection” and “second interleaver” have been designed so that b=0 corresponds to SMP (symbol mapping method based on priority). 

Therefore, the combination (s=1, r=0 and b=0) can be used as default for the first transmission without any loss of generality (see also Tables 6-8 in [2]).

b). “Incremental redundancy” and “Constellation rearrangement” have been designed primarily for use in retransmissions when NDI is 0.

c). All parameters NDI, s, r and b are HARQ related information, equally important in terms of timing and correctness
. 

From the above observations, we can merge NDI, s, r and b into a new signaling format to increase the signaling capacity by effectively removing the redundancy of NDI. Taking into account the above discussions on the optimality of the choice of Xrv, we proposed the new signaling as shown in Table 2 bellow. 

The bold lines in Table 2 are, what we think, mandatory combinations to support optimal performance for up to 8 transmissions in case of transparent 1st rate matching and coding rate is below 3/4. The 4 last italic lines are provisional, which can be used to optimize the performance in case of non-transparent 1st rate matching and/or coding rate above 3/4.     

Table 2: Redundancy version coding for 16QAM

	Xrv value
	NDI
	s
	r
	b

	0
	1
	1
	0
	0

	1
	0
	1
	0
	1

	2
	0
	1
	0
	2

	3
	0
	1
	0
	3

	4
	0
	1
	2
	0

	5
	0
	1
	2
	1

	6
	0
	1
	2
	2

	7
	0
	1
	2
	3

	8
	0
	0
	1
	0

	9
	0
	0
	3
	1

	10
	0
	0
	1
	1

	11
	0
	0
	3
	0

	12
	0
	1
	1
	0

	13
	0
	1
	1
	1

	14
	0
	0
	0
	0

	15
	0
	0
	0
	1


As it has been said earlier, there is no need to increase signaling for QPSK. Therefore following table can be used to obtain the common signaling format for HARQ.

Table 3: Redundancy version coding for QPSK

	Xrv value
	NDI
	s
	r

	0
	1
	1
	0

	1
	1
	0
	0

	2
	1
	1
	1

	3
	1
	0
	1

	4
	1
	1
	2

	5
	1
	0
	2

	6
	1
	1
	3

	7
	1
	0
	3

	8
	0
	1
	0

	9
	0
	0
	0

	10
	0
	1
	1

	11
	0
	0
	1

	12
	0
	1
	2

	13
	0
	0
	2

	14
	0
	1
	3

	15
	0
	0
	3


4. Conclusion 

Using the same available number of bits for DL HARQ signaling, the new signaling scheme with new 16Xrv provides better performance and more flexibility in performance optimization for HS-DSCH. Therefore we recommend that the new signaling scheme should be used and a text proposal as follow.

Text proposal for TR 25.858

.......

8.1.1 Detailed Structure FDD

Shared Control Channel
For FDD, following information is carried on the HS-SCCH:

· Transport-format and Resource related Information (TFRI)


· Channelization-code set: 7 bits

· Modulation scheme: 1 bit

· Transport-block size: 6 bits

· Hybrid-ARQ-related Information (HARQ information)
.

· Hybrid-ARQ process number: 3 bits

· New-data indicator and Redundancy version: 4 bits

· 
· UE ID: [10] bits implicitly encoded (see also section on CRC attachment)

The exact number of bits for the Hybrid-ARQ-related information is to be confirmed with RAN2.

The HS-SCCH information is split into two parts:

· Part-1: Channelization code set and modulation scheme (8 bits)

· Part-2:  Transport-block size and Hybrid-ARQ-related information ([13] bits)

CRC attachment

Figure 1 illustrates the CRC attachment for HS-SCCH. One CRC is calculated over and attached to the HS-SCCH information. 

· CRC (Release 99 16-bits CRC) is calculated over Part-1 + Part-2 and appended to Part-2.

The [10] bits UE ID is included in the calculation of CRC-1.
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Figure 1.  CRC attachment for HS-SCCH

Channel coding

Part 1 is convolutionally coded using R99 R=1/2 coding with 8 tail bits. Part 2 and the CRC is convolutionally coded using R99 R=1/2 coding with 8 tail bits.

Interleaving and rate matching

After convolutional coding, interleaving and rate matching to 120 SCCH-HS channel bits (3 slots) is applied. The interleaving and rate matching is carried out separately for the two parts of the coded SCCH-HS to allow for early extraction of the time-critical information of Part-1 of the SCCH-HS information. 

Scrambling of Part-1 by UE Specific ID

The post convolutionally encoded Part-1 is scrambled by the UE ID as shown in Figure 2.  The scrambler is based on a (32,10) block code specified in TS 25.212.  At the receiver, after descrambling by the UE specific ID, the metric of the maximum likelihood path during the Viterbi decoder process may be used to form a basis for the validity of the Part-1 information.  This is required so that the Part 1 information is available before the start of HS-DSCH TTI.
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Figure 2.  Scrambling of Part-1 by UE Specific ID
Redundancy and constellation version coding

The redundancy version (RV) parameters r, s and constellation version parameter b are coded jointly to produce the value Xrv. Xrv is alternatively represented as the sequence xrv,1, xrv,2, xrv,3 where xrv,1 is the msb. This is done according to the following tables according to the modulation mode used:

Table 4. RV coding for 16 QAM
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Table 5. RV coding for QPSK

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Xrv (value)
	NDI
	s
	r

	0
	1
	1
	0

	1
	1
	0
	0

	2
	1
	1
	1

	3
	1
	0
	1

	4
	1
	1
	2

	5
	1
	0
	2

	6
	1
	1
	3

	7
	1
	0
	3

	8
	0
	1
	0

	9
	0
	0
	0

	10
	0
	1
	1

	11
	0
	0
	1

	12
	0
	1
	2

	13
	0
	0
	2

	14
	0
	1
	3

	15
	0
	0
	3


5. Reference

[1] TR 25.858 v 1.1.2 Rapporteur.

[2] R1-02-0273 meeting 24 “DL signaling for 2-stage rate matching and CoRe”, Panasonic

[3] R1-02-0276 meeting 24 “Signaling of RV and CoRe for HSDPA”, Siemen

[4] 3GPP TS 25.308 V5.1.0 (2001-12)

Appendix:  Simulation results for Example 1 & 2. 
[image: image3.wmf]FER vs. Ior/Ioc after 2, 3 and 4 transmissions.

AWGN, Ec/Ior=-1dB, 1 code 16QAM3/4.  

1.0E-03

1.0E-02

1.0E-01

1.0E+00

-10.5

-9.9

-9.3

-8.7

-8.1

-7.5

-6.9

-6.3

-5.7

Ior/Ioc dB

FER

4th-old

3rd-old

2nd-old

4th-new

3rd-new

2nd-new



 EMBED Excel.Sheet.8  [image: image4.wmf]FER vs. Ior/Ioc after 2, 3 and 4 transmissions. 

AWGN, Ec/Ior=-1dB, 1 code 16QAM5/8.
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� For this reason, unless it is stated explicitly, the discussion in this paper is about signaling in 16QAM case


�  If any of them is wrong, UE will discard the whole signaling and corresponding HS-DSCH data (see 7.4 in [4]).
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