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1 Introduction

At the last RAN1 meeting in Dresden, a number of contributions discussed the coding and physical channel mapping aspect of 64QAM UL (see [1]-[5]). Some of these contributions proposed adding a third E-DCH physical channel interleaver as a natural way to support 64QAM uplink operations ([2], [4], and [5]).  Alternatively, it was noted in [3] that it may be possible to use the existing structure without splitting the input bit stream for 64QAM UL. 

In this contribution, we analyze some of the options for E-DCH physical channel interleaving to support 64QAM uplink operations, and provide link-level simulation results for the approaches discussed. 

2 Discussion

2.1 E-DCH physical channel interleaving for 64QAM

The purpose of the interleaver is to ensure that consecutive bits are not mapped to adjacent E-DPDCH symbols. In Release 7, a second interleaver was introduced to support 4PAM (16QAM) modulation; the second interleaver was introduced to further avoid clustering of reliable and unreliable bits.  In the following, we describe three different approaches for physical channel interleaving for 64QAM in E-DCH.

The first approach, Option 1, consists of adding a third interleaver.  This concept is similar to what is used  for HSDPA with 64QAM, but extended to 8PAM (i.e. 64QAM for E-DCH).  Figure 1 illustrates the interleaver structure.  As can be observed, the input bits are split into 3 streams (8PAM) in Figure 1 and three identical block interleavers of the size [image: image2.png]128 x 30



 are used. This structure, Option 1, is used as the baseline to which the other approaches are compared.
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Figure 1: Option 1: Interleaver structure, based on 3 interleavers. 
The second approach for E-DCH physical channel interleaving consists of using the legacy interleaver structure.  This concept is shown in Figure 2, in which it can be seen that the input bits are split into 2 streams for 8PAM.  Specifically, the input bits are divided one by one between the two interleavers: bit [image: image5.png]


 goes to the first interleaver and bit [image: image7.png]Lo fea 1



 goes to the second interleaver, and so forth.  Two identical block interleavers of the size [image: image9.png]192 x 30



 are required in this interleaver structure. In the following, we will refer to this structure as “Option 2”.
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Figure 2: Option 2: Interleaver structure based on legacy
For the purpose of comparison, we also consider a third interleaver structure.  This structure is similar to the one for Secondary CCPCH [6] and is shown in Figure 3. Similar to the previous structure in Figure 2, this interleaver structure also requires two identical block interleavers of size [image: image12.png]192 x 30



.  However here the bit are allocated differently; the adjacent bits [image: image14.png]


, [image: image16.png]Lo fea 1



, and [image: image18.png]Lo fea 2



 (from an 8PAM symbol) are mapped to the first interleaver, and adjacent bits [image: image20.png]o fet



, [image: image22.png]L ferds



, and [image: image24.png]Lo Jet 5



 (from a subsequent 8PAM symbol) are mapped to the second interleaver, and so forth. In the following, we will refer to this interleaver structure as “Option 3”.

[image: image25.emf]Interleaver

(R2 x 30)

v

p,k

(BPSK)

v

p,k

(4PAM)

u

p,k

(BPSK)

u

p,k

(4PAM)

u

p,k

, u

p,k+1

, u

p,k+2 

(8PAM)

Interleaver

(R2 x 30)

v

p,k+1

(4PAM) u

p,k+1

(4PAM)

v

p,k+3

, v

p,k+4

, v

p,k+5 

(8PAM)

v

p,k

, v

p,k+1

, v

p,k+2 

(8PAM)

u

p,k+3

, u

p,k+4

, u

p,k+5 

(8PAM)


Figure 3: Option 3: Alternate structure based on legacy 
As mentioned earlier, it may be also possible to consider the existing structure without splitting the input bit stream for 64QAM UL, which is illustrated in Figure 4. In this case, the block interleaver requires only one block interleaver of size [image: image27.png]128 x 30



, [image: image29.png]256 x 30



, and [image: image31.png]384 x 30



, for the application of QPSK, 16QAM, and 64QAM, respectively. In the following, we will refer to this interleaver structure as “Option 4”.

[image: image32.emf]Interleaver

(R2 x 30)

v

p,k

(BPSK, 4PAM, 8PAM) u

p,k

(BPSK, 4PAM, 8PAM)


Figure 4: Option 4: Alternate structure with no bit stream splitting
In Section 2.2, we present the performance of the above interleaver structures based on the legacy structure (i.e. Option 2 and 3) as well as the alternate structure without bit stream splitting (i.e. Option 4) against the extended interleaver structure (Option 1).
2.2 Methodology and simulation results

We generated link level results to investigate the performance of 64QAM with different choices of interleaver in HSUPA. The required Rx Ec/No in dB for Option 2, Option 3, and Option 4 for various transport block sizes (TBS) were measured and compared to the required Rx Ec/No of the extended interleaver structure as baseline, Option 1. On the basis of the same H-ARQ operating point (i.e. 10% BLER after 1st TX) when both inner and outer loop power control are ON, let 
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with [image: image35.png]{Rx Ec/Noloption x
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being the required Rx Ec/No for interleaver structure either Option 2, 3, or 4 to reach the  H-ARQ operating point. Therefore,  indicates that there is performance gain by adopting the indicated interleaver structure rather than the Option 1, and vice versa.

We considered 9 different TBS over PA3 and VA3 wireless channels. Additional simulation assumptions and results can be found in the appendix. In Table 1, [image: image40.png]ARx Ec/No Joprienz



, [image: image42.png]ARx Ec/No Jopriens
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 over PA3 for various TBS are presented. We observe that the performance losses due to the use of the interleaver structure Option 2 is small for most TBS cases, but the loss can reach 0.34dB when the TBS is 25195. For interleaver structure Option 3, the performance loss becomes significant (above 1dB) when TBS is smaller.  The interleaver structure in Option 4 suffers some non-negligible losses for the larger TBS.  Note that the large variation in Rx Ec/No for the 31542 and 28831 TBS may be due to simulations; it could also indicate a special sensitivity for these particular TBS.
Table 1: ∆Rx Ec/No (dB) for Interleaver Option 2, 3, and 4 relative to Option 1 in PA3
	TBS
	31542
	28831
	27564
	25195
	23030
	21050
	19241
	17587
	16815

	
	∆Rx Ec/No (dB)

	Option 2 
	-0.09
	-0.01
	0.21
	0.34
	0.26
	0.18
	0.22
	0.26
	0.13

	Option 3
	0.06
	0.43
	0.77
	0.98
	0.94
	0.91
	1.09
	1.09
	1.13

	Option 4
	1.05
	-1.06
	0.58
	0.51
	0.29
	-0.08
	-0.01
	-0.10
	-0.09


In Table 2, we present [image: image46.png]ARx Ec/ No Joprienz
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 over VA3 for various TBS. We first notice that the performance loss due to the use of the interleaver structure Option 2 is as large as 0.45dB when TBS=19241. For interleaver structure Option 3, the loss is up to 2dB, confirming that Option 3 may not be an appropriate choice. For Option 4, only significant performance loss is observed when TBS=28831 (up to 0.43dB).  Although there are some noticeable performance gain in low TBS cases, Option 4 may not be an appropriate choice due to its performance losses in high TBS cases over PA3. 

Table 2: ∆Rx Ec/No (dB) for Interleaver Option 2, 3, and 4 relative to Option 1 in VA3
	TBS
	31542
	28831
	27564
	25195
	23030
	21050
	19241
	17587
	16815

	
	∆Rx Ec/No (dB)

	Option 2 
	0.0
	0.13
	0.16
	0.26
	0.31
	0.18
	0.45
	0.30
	0.29

	Option 3
	0.0
	0.51
	0.65
	0.66
	0.93
	1.01
	1.53
	1.79
	2.00

	Option 4
	0.0
	0.43
	0.13
	-0.20
	-0.10
	-0.35
	-0.27
	0.07
	-0.03


2.3 Summary

We therefore make the following observations:

· In general the extended interleaver, i.e. Interleaver structure Option 1, requires a lower Rx Ec/No;

· Interleaver structure Option 2 suffers from a slight degradation of up to 0.34dB/0.45dB in PA3/VA3;

· Option 3 experiences much larger degradation, up to 2dB in VA3;

· Option4 experiences much larger degradation in large TBS cases over PA3.
In terms of implementation complexity, we note that the total size of memory required for either interleaving structure is the same. Based on these observations and the fact that the implementation complexity of these various interleaver designs be similar, we propose to use the extended interleaver, i.e. Option 1, as shown in Figure 1:

Proposal:
Physical channel interleaving for 64QAM is carried out with three block interleavers.
3 Conclusion

In this contribution, we analyzed interleaver structure candidates for the introduction of 64QAM. In view of the simulation results and the analysis, we propose the following:
Proposal:
Physical channel interleaving for 64QAM is carried out with three block interleavers.
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5 Appendix

5.1 Simulation assumptions

Table 3: Link Level Simulation Assumptions

	Parameters
	Values

	Physical Channels
	DPCCH, E-DPDCH, E-DPCCH

	E-DPDCH Beta Factor [dB]
	10

	E-DPCCH Beta Factor [dB]
	7

	T2TP
	10dB

	E-DCH TTI [ms]
	2

	Modulation
	64QAM

	TBS [bits]
	31542, 28831, 27564, 25195, 

23030, 19241, 17587, 16815

	E-DPDCH format
	2xSF2 + 2xSF4

	Number of H-ARQ processes
	8

	Maximum Number of Transmissions
	4

	H-ARQ operating point
	10% BLER after 1st TX

	Channel encoder
	3GPP Release 6 turbo encoder

	Turbo decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Receiver
	LMMSE

	Number of Rx antennas
	2

	Channel estimation
	Realistic

	Inner loop power control
	On

	Outer loop power control
	On

	Channels
	PA3, VA3

	QAM demodulators
	Realistic

	UL TPC error rate
	4%

	PCI update frequency
	3 slots

	PCI error rate
	No errors, ideal feedback

	PCI feedback delay
	1 slot

	Receive antenna imbalance [dB]
	0

	UE DTX
	OFF


5.2 Additional simulation results
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Figure 5: Rx Ec/No in PA3 for the interleaver structures considered
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Figure 6: Rx Ec/No in VA3 for the different interleaver structure considered
