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1. Introduction 
This document provides an update for an earlier contribution [3] on PUSCH demodulation performance. While [3] assumed ideal channel estimation, the current results are based on ML channel estimator to be fully aligned with the previously agreed-upon PUSCH simulation assumptions in [1] and [2].

We compare our simulation results with those from Motorola [5], LG Electronics [6] and Ericsson [7]. We have not included results from NTT DoCoMo [8] because it assumes ideal channel estimation. Note that a similar comparison was carried out in [4]. However, the performance alignment done in [4] is not accurate due to the inconsistent channel estimation modes among different results.
For convenience the five simulation cases are listed below.

	Allocated RBs 
	50
	50
	1
	1
	1

	Modulation 
	64QAM
	16QAM
	64QAM
	16QAM
	QPSK

	Code rate 
	5/6
	3/4
	5/6
	3/4
	1/3

	Payload size (bits) 
	35688
	21480
	680
	392
	64

	CRC Size (bits) 
	24
	24
	24
	24
	24

	# of Code blocks - C 
	6
	4
	1
	1
	1

	Coded block size (bits) 
	17856
	16128
	2112
	1248
	264

	Trellis termination (bits) 
	12
	12
	12
	12
	12

	Total number of bits per subframe 
	43200
	28800
	864
	576
	288

	Total symbols per subframe 
	7200
	7200
	144
	144
	144


2. PUSCH Performance Comparison
There are a few minor differences on simulation assumptions among various PUSCH performance results. One is the issue of Incremental Redundancy (IR) vs. Chase Combining (CC). Contribution [6] explicitly states CC. However, it is understood that IR is agreed upon for initial alignment. The other issue is slot hopping vs. subframe hopping. Our results as well as [5] assume slot hopping, while [6] assumes subframe hopping.
Figures 1-5 show the throughputs versus Es/Nt per tone per antenna for QPSK, 16QAM and 64QAM, respectively. The data points of other companies are taken from the corresponding RAN4 contributions [5]-[7]. 
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Figure 1: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 64QAM
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Figure 2: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 16QAM

[image: image3.emf]4 6 8 10 12 14 16 18 20 22 24 26

0

100

200

300

400

500

600

700

Es/Nt per antenna (dB)

TP (kbps)

1RB 64QAM rate 5/6

 

 

QC

MOT

ERIC

LGE


Figure 3: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 64QAM
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Figure 4: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): 16QAM
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Figure 5: Link Throughput vs. Es/Nt (SNR per Tone, per Antenna): QPSK

3. Conclusion
In this document, we compare different PUSCH results. A few observations can be made:
1. 50RB-64QAM and 1RB-QPSK show the largest performance discrepancy, while the remaining three cases align fairly well.

2. The maximum SNR spread is about 2dB for 64QAM and QPSK in the low SNR range. But, when excluding the outliner, the SNR spread is reasonably small (less than 0.6dB).
3. It seems that all the results have included the 24-bit payload CRC in the throughput computation. Otherwise, the maximum throughput (excluding CRC) should be 64 kbps-- 64 bits (payload size) per 1ms sub-frame. Notice all curves in Figure 5 peaks at 88 kbps, which suggests CRC has been counted as throughput.
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