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1
Introduction
In RAN1 #37-bis, the E-DCH performance with varying number of RV and code rates was investigated in [1][2][3].
In the absence of signaling errors, the optimal choice of RV depends upon the instantaneous code rate and number of transmissions involved. The signaling errors, associated with RV bits, can be eliminated by linking the RV to the CFN, as pointed out in [4].
In this document, we analyze all the underlying issues and propose a mechanism to pick the RV for E-DCH.

2
Optimal Choice of RV

2.1
Low Code Rate
In [1], the performance of E-DCH with an instantaneous code rate of 0.40 was investigated in PA3, PB3 and VA30 channels. The instantaneous data rate is fixed at 1536 kbps and the number of transmissions is varied from 1 to 4. Table 1 shows the residual code rate after N transmissions in each scheme, while Table 2 shows the results.
	Combining Scheme
	Xrv
	Residual Code Rate after N Tx

	
	
	N = 1
	N = 2
	N = 3
	N = 4

	Chase
	{0,0,0,0}
	0.40
	0.40
	0.40
	0.40

	2-IR
	{0,1,0,1}
	0.40
	0.33
	0.33
	0.33

	Sys-IR
	{0,2,4,6}
	0.40
	0.33
	0.33
	0.33

	4-IR
	{0,1,2,5}
	0.40
	0.33
	0.33
	0.33


Table 1
Residual Code Rate – 1536 kbps

	Combining Scheme
	Throughput Loss at DPCCH SNR = -20 dB
	Relative link loss after N Tx (dB)

	
	
	N = 1
	N = 2
	N = 4

	Chase
	0 %
	0.0
	0.2
	0.3

	2-IR
	0 %
	0.0
	0.0
	0.2

	Sys-IR
	0 %
	0.0
	0.0
	0.0

	4-IR
	0 %
	0.0
	0.0
	0.0


Table 2
Loss relative to 4-IR – 1536 kbps
It is seen that using RV with only systematic bits performs as well as 4-IR.
2.2
High Code Rate – I 
In [2], the performance of E-DCH with an instantaneous code rate of 0.71 was investigated in PA3, PB3 and VA30 channels. The instantaneous data rate is fixed at 4096 kbps and the number of transmissions is varied from 1 to 4.

Table 3 shows the residual code rate after N transmissions in each scheme, while Table 4 shows the results.

	Combining Scheme
	Xrv
	Residual Code Rate after N Tx

	
	
	N = 1
	N = 2
	N = 3
	N = 4

	Chase
	{0,0,0,0}
	0.71
	0.71
	0.71
	0.71

	2-IR
	{0,1,0,1}
	0.71
	0.42
	0.42
	0.42

	Sys-IR
	{0,2,4,6}
	0.71
	0.55
	0.45
	0.38

	4-IR
	{0,1,2,5}
	0.71
	0.42
	0.38
	0.33


Table 3
Residual Code Rate – 4096 kbps
	Combining Scheme
	Throughput Loss at DPCCH SNR = -20 dB
	Relative link loss after N Tx (dB)

	
	
	N = 1
	N = 2
	N = 4

	Chase
	15% to 30%
	0.0
	1.2 – 1.8
	1.3 – 1.7

	2-IR
	0 %
	0.0
	0.0
	0.2 – 0.3

	Sys-IR
	12%
	0.0
	0.8 – 1.2
	0.5 – 0.7

	4-IR
	0%
	0.0
	0.0
	0.0


Table 4
Link loss relative to 4-IR – 4096 kbps
It is seen that using RV with only systematic bits could entail a loss of up to 1.2 dB after 2 transmissions and 0.7 dB after 4 transmissions. Further, there is a 12% loss in link throughput at DPCCH SNR of -20 dB.
2.3
High Code Rate – II 
In [3], the performance of E-DCH with an instantaneous code rate of 0.89 was investigated in PA3, PB3 and VA30 channels. The instantaneous data rate is fixed at 5120 kbps and the number of transmissions is varied from 1 to 4.

Table 5 shows the residual code rate after N transmissions in each scheme, while Table 6 shows the results.

	Combining Scheme
	Xrv
	Residual Code Rate after N Tx

	
	
	N = 1
	N = 2
	N = 3
	N = 4

	2-IR
	{0,1,0,1}
	0.89
	0.47
	0.47
	0.47

	Sys-IR
	{0,2,4,6}
	0.89
	0.80
	0.73
	0.67

	4-IR
	{0,1,2,5}
	0.89
	0.47
	0.46
	0.33


Table 5
Residual Code Rate – 5120 kbps
	Combining Scheme
	Throughput Loss at DPCCH SNR = -20 dB
	Relative link loss after N Tx (dB)

	
	
	N = 1
	N = 2
	N = 4

	2-IR
	0%
	0.0
	0.0
	0.5 – 0.7

	Sys-IR
	25% to 50%
	0.0
	4.0 – 8.0
	3.0 – 4.5

	4-IR
	0%
	0.0
	0.0
	0.0


Table 6
Link loss relative to 4-IR – 5120 kbps
It is seen that using RV with only systematic bits could entail a loss of up to 8.0 dB after 2 transmissions and 4.5 dB after 4 transmissions. Further, there is a 25% to 50% loss in link throughput at DPCCH SNR of -20 dB.

2.4
Analysis
From sections 2.2 and 2.3, it is clear that the use of RV with only systematic bits could entail a severe degradation in link performance, when the instantaneous code rate is high. 

It is clear that in the absence of any signaling errors, strict IR with self –decodable and non self-decodable transmissions must be used.

3
Constrained RV Transmission
To overcome any issues emanating from signaling errors, the choice of RV can be constrained to be a function of the CFN. This was suggested in [4].
In this section, we compare the performance of E-DCH, with the same number of redundancy versions, but with a different sequence.
We analyze two IR techniques, each with the same two redundancy versions – one self decodable (Xrv = 0) and one non self decodable (Xrv = 1).
· Sequence 1 = {0,1,0,1}

· Sequence 2 = {1,0,1,0}

3.1
Simulation Assumptions
The simulation assumptions are outlined in Table 7.
	Parameter
	Value

	TTI
	2 ms

	Instantaneous Data Rate
	{2560, 4096} kbps

	Number of Transmissions
	4

	Xrv Sequences
	{0,1,0,1}

{1,0,1,0}

	Number of HARQ Processes
	5

	RV Inter-TTI
	5

	Instantaneous code rate
	0.44 – 2560 kbps

0.71 – 4096 kbps

	DPCCH Slot Format
	0

	E-TFICH
	Error Free

	Channel Estimation
	Enabled

	Inner Loop PC
	Enabled

	PC feedback delay
	1-slot

	PC BER
	4%

	Outer Loop PC
	Disabled
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for 2560 kbps
	61 – C(2,1)

43 – C(4,1)
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for 4096 kbps
	86 – C(2,1)

61 – C(4,1)

	Modulation
	4xBPSK – 2560 kbps
6xBPSK – 4096 kbps

	Number of Fingers per Antenna
	1-PA3

	Number of Rx Antennas
	2


Table 7
Simulation Assumptions
3.2
Results
Figures 1 to 8 show the link performance for both data rates in PA3.

Note that when the turbo code rate is 0.44, only 27% of the systematic bits are sent when prioritizing parity bits (s=0). When the turbo code rate is 0.71, no systematic bits are sent when s=0. As seen in Figure 2, the BLER is 1 regardless of E-DCH Ec/Nt.
	Instantaneous Data Rate (kbps)
	Throughput Loss at DPCCH SNR = -20 dB
	Relative link loss after N Tx (dB)

	
	
	N = 1
	N = 2
	N = 4

	2560
	0%
	1.0
	0.0
	0.0

	4096
	0%
	BLER = 100%
	0.0
	0.0


Table 8
Link loss relative to Sequence 1
Note the throughput ceiling seen in Figure 8 when s=0 for the 1st transmission – this is because the 1st transmission BLER is always 1.
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Figure 1

Residual BLER vs. DPCCH SNR – 1 Tx – 2560 kbps
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Figure 2

Residual BLER vs. DPCCH SNR – 1 Tx – 4096 kbps
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Figure 3

Residual BLER vs. DPCCH SNR – 2 Tx – 2560 kbps
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Figure 4

Residual BLER vs. DPCCH SNR – 2 Tx – 4096 kbps

[image: image8.wmf] 


Figure 5

Residual BLER vs. DPCCH SNR – 4 Tx – 2560 kbps

[image: image9.wmf] 


Figure 6

Residual BLER vs. DPCCH SNR – 4 Tx – 4096 kbps
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Figure 7

Link Throughput – 2560 kbps
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Figure 8

Link Throughput – 4096 kbps
3.3
Analysis
It is seen that the link efficiency for 1st transmission is degraded if s=0 for that transmission. If the instantaneous code rate is greater than or equal to 2/3, no systematic bits are sent if s=0 ( for the 1st transmission, BLER is always 1.
Linking the CFN to RV implies that there is no control over the exact RV of the 1st transmission. Therefore, depending upon the RV and code rate used, there is no control on the 1st transmission BLER.
There are two ways of rectifying this situation.
· Use only self decodable transmissions

· Not an issue for low code rates
· Link loss for medium or high code rates as seen in sections 2.2 and 2.3
· Place no constraint on 1st transmission BLER

· Some have explicitly stated that they prefer EUL to operate with at most 20% initial BLER
· There is no control on average number of transmissions – delay sensitive packets cannot be terminated earlier, if the first transmission BLER is always high
Therefore, if we link the RV to CFN, either we cannot to restrict the 1st transmission BLER as some companies would prefer, or have a sub-optimal E-DCH operation at medium to high data rates.
4
SHO Operation

It has been suggested that the RV could be linked to CFN for all UEs in SHO. However, the bit budget in E-TFICH still needs to account for RV or transmission sequence number (TSN) bits for the non-SHO UEs. Further, this would also imply that the Node-B needs to change E-DCH RV processing as the SHO status of each UE changes.

5
Conclusions and Proposal

Based on the simulation results and arguments in sections 2, 3 and 4, we propose the following be adopted as the working assumptions for E-DCH and captured in TR 25.808.
1. Allowed redundancy versions for each TB are a function of the code rate only
2. For low code rates (less than 0.5), only systematic RV (s=1) are used
3. For high code rates (greater than 0.5), at least one systematic (s=1) and one non-systematic (s=0) RV are used
4. RV should be explicitly signaled for full flexibility to meet latency requirements

5. Node-B’s processing of Rx E-DCH should not change as a function of UE’s SHO status
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