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1. Introduction
We have studied enhanced CQI reporting and proposed NACK & ODM scheme in several past meetings. For NACK-based reporting part, the error of ACK/NACK detection may give some impact to system performance. Therefore, in this contribution, we analyzed the impact of ACK/NACK detection error on NACK-based CQI reporting.

2. Discussion on impact of ACK/NACK detection error

2.1 Review of NACK-based CQI reporting

In NACK-based reporting, 

extra CQI is transmitted with NACK when the UE detects the error in HS-PDSCH

in addition to the Release 5 periodic reporting.
Based on this way, the Node B realizes an existence of extra CQI by NACK detection. Therefore, the error of ACK/NACK detection impacts on the gain obtained by NACK-based reporting.

2.2 Analysis of impact of ACK/NACK detection error

In this section, the analysis is done based on the error probability we had used for the study of HS-DPCCH detection performance [2].

(1) Error Case 1: NACK ( ACK

What happens?:

If the NACK is misinterpreted as ACK, extra CQI is not used for channel information update at the Node B scheduler.

Analysis:

We set the target of error probability (NACK ( ACK) to be less than 10e-4 and 10e-3 for the tight case and the relaxed case, respectively. For the analysis here, we assume the error probability (NACK ( ACK) is 10e-3. This probability seems to be trivial. The green line in figure 1 shows the simulation result where the impact of NACK detection error is analyzed. It should be noted that the NACK error is only considered for judgment of extra CQI existence and there is no NACK detection error for HARQ protocol. This is not actual situation. However, it is useful to clarify the error impact on NACK-based CQI reporting. The simulation was done under Pedestrian-A channel model and other simulation assumptions are same as ones in table 3 in [1] and also shown in annex in this document. Parameter k=40 is selected since this value has been used in [1].

As shown in figure 1, the performance of NACK-based reporting with error consideration (green solid line) and without it (blue solid line) is almost the same. This is the evidence that the impact of NACK error (NACK ( ACK) is negligible under the assumption its probability is 10e-3.
(2) Error Case 2: ACK ( NACK

What happens?:

If the ACK is misinterpreted as NACK, the Node B tries to decode DTX field as extra CQI.

Analysis:

We set the target of error probability (ACK ( NACK or DTX) to be less than 10e-2. For the analysis here, we assume the error probability (ACK ( NACK) is 10e-2. Under this assumption, this probability itself gives us the impression that it is not negligible. For CQI decoding, there are mainly two schemes. One scheme is maximum likelihood decoding and another one is bounded-distance decoding. The former decoding scheme gives more significant impact when the Node B tries to decode DTX field as CQI. The red line in figure 1 shows the impact of ACK detection error as well as NACK detection error. It should be noted again that the ACK error is only considered for judgment of extra CQI existence and there is no ACK detection error for HARQ protocol.

Figure 1 shows that ACK error causes the performance degradation. However, if we set an adequate threshold to distinguish CQI and DTX, this performance degradation is mitigated. We think that setting of this threshold doesn’t introduce any complexity.
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Figure 1: Impact analysis of ACK/NACK detection error

3. Conclusion
We analyzed the impact of ACK/NACK detection error on NACK-based CQI reporting. In this analysis, it was shown that ACK detection error causes the performance degradation under the assumption of certain error probability and that false decoding of CQI is not protected at all. However, it was mentioned that the protection for false decoding of CQI mitigates the performance degradation and the protection scheme (setting of threshold) is not complex. It was also shown that NACK detection error doesn’t decrease the gain obtained by NACK-based CQI reporting. Therefore, we strongly recommend introducing NACK & ODM scheme for HSDPA enhancements.
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Annex: Simulation assumption

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal 19 cells, No Sectors
	

	Site to Site distance
	2800 m
	

	Antenna pattern
	Omni
	

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	Power allocated to HSDPA transmission (HS-PDSCH)
	80 % of total cell power
	

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	0 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	
	Thermal noise neglected

	Max. # of retransmissions
	8
	Retransmissions by fast HARQ


	Fast HARQ scheme
	6ch-SAW, Chase combining
	MCS can be changed between retransmissions unless same TBS is kept

	# of Ues
	20
	

	# of codes for HS-PDSCH
	10
	

	ACK/NAK repetition
	None
	

	HS-SCCH transmission
	Error free
	

	Channel estimation
	Ideal
	

	CQI transmission delay
	1 sub-frame
	From measurement to reception at Node-B

	Scheduling delay
	1.5 slots
	From decision at the scheduler to HS-SCCH transmission 

	Scheduler
	Proportional Fairness
	

	MCS level
	QPSK&1/4 (MCS 1), QPSK&1/2 (MCS 2), QPSK&3/4 (MCS 3), 16QAM&1/2 (MCS 4), 16QAM&3/4 (MCS 5)
	

	Traffic model
	Arrival at Node-B every 20 sub-frames, same data size for each packet and each user
	

	Simulation time
	5 sec
	Simulation result is averaged by five times
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