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1. Introduction
This document includes the simulation results for the following LTE rate matching proposals:

· Rel-5 rate matching, as the agreed baseline. The s and r parameters were set to 1 and 0 respectively (as per R1-071817).

· The Rel-5 + Dithering proposal (Rel-5+D), distributed on the RAN1 reflector on the 14th of April 2007 (also available in R1-072271). The s and r parameters were set to 1 and 0 respectively.

· The Circular Buffer (CB) proposal, distributed on the RAN1 reflector on the 14th of April 2007.

2. Simulation Assumptions and Methodology

Rate matching simulations were performed in line with the assumptions stated in the document R1-071817 at RAN1#48bis. In the following, the term transport block size is used interchangeably with the term QPP interleaver size. Two types of simulation were performed:
· The transport block sizes were swept (over all QPP interleaver sizes) for a set of fixed coding rates.
· NData i.e. the physical resource allocation was swept (starting from 6144 with the 32 bit granularity) for the fixed transport block size of 2048 bits.

In either case, the Eb/N0 required for a given BLER target was extracted. QPSK and the static channel with AWGN were assumed. 1st transmission BLER was modelled only and standard max-log-MAP decoding with 6 iterations was employed.
Our simulation results are somewhat broader than the minimum agreed set: coding rates up to 0.9 are covered (while up to 0.8 was the agreed minimum) and the block error rate target up to 30% is covered (while up to 10% was the agreed minimum).

3. Observations and Performance Comparison
The exhaustive simulation results are shown in the following section. The following observations can be made based on the results
TBS sweep:

· At the coding rate of 0.4, the performance of all algorithms appears similar for all transport block sizes.

· For coding rates of 0.5, 0.6 and 0.7, the CB is inferior to Rel-5 and Rel-5+D. The difference is very small for cr of 0.5 – less than 0.1 dB, but it is consistently equal to ~0.1 dB for cr or 0.6 and 0.7 dB. It should be noted that the cr of 0.7 is the threshold based on which one of the two modes of operation for CB is selected. The irregular performance can be attributed to the rounding of NData (= round(TBS/cr)), which can lead to the selection of different modes for similar block sizes. Thus, it may be possible to select the threshold in a more optimal way for code rate 0.7.
· At the coding rate of 0.8, Rel-5 and Rel-5+D are slightly superior to CB for the higher BLER range of 30% and 10%, especially for smaller block sizes. For the lower BLER target range of 1% and 0.2%, CB is slightly superior, especially for larger block sizes.

· At the coding rate of 0.9, the CB proposal is consistently inferior to Rel-5 and Rel-5+D, by ~0.2–3.5dB, depending on BLER target and transport block size.
· In the case of high coding rates of 0.8 and 0.9 and low BLER targets of 1% and 0.2%, Rel-5 and Rel-5+D exhibit some performance irregularities for block sizes which are multiples of 7. This manifests itself in Eb/N0 peaks, e.g. the Eb/N0 requirement for block size of 2016 is 1dB higher than for the neighbouring block sizes of 2048 and 1984. At the coding rate of 0.8, the CB is often capable of removing such peaks, however, at cr = 0.9, the CB is significantly inferior.
· In one case, namely the QPP I/L size of 48 and the coding rate of 0.9, an error floor of ~75% was observed for the CB proposal. This is shown as a ‘delta’ impulse in the graphs below.

NData sweep for TBS = 2048:

· The baseline Rel-5 algorithm exhibits some Eb/N0 peaks around the coding rate of 0.64, 0.78 and 0875. By dithering, the former two are effectively removed.
· For low coding rates, up to ~0.5, the performance of all algorithms is very similar, irrespective of the BLER target.
· For the coding rate range 0.5–0.73, the performance of Rel-5+D is superior to that of CB by 0.1–0.2dB.
· For the coding rate range of 0.73–0.87, the performance of Rel-5+D is inferior to that of CB by up to 0.2dB (BLER target 30%) and 0.5dB (BLER target 0.2%).
· For the coding rate range of 0.87–0.91, the performance of the CB proposal deteriorates significantly compared to Rel-5+D.
In order to aid the comparison of the RM proposals, the average Eb/N0 for each simulation is extracted in the following table. The error floor case for the CB proposal was handled by setting the Eb/N0 requirement to 10 dB for block size of 48 bits and cr = 0.9.

The following remarks will be helpful in reading the averages:

· In Segment A, the average Eb/N0 is shown for each sweep. When the difference between the best and worst performing algorithm exceeded the threshold of 0.05dB, the best performing algorithm was tagged with b.
· In Segment B, the mean of entries from segment A is shown for each RM algorithm. The mean was calculated in two ways.
· (I): over all entries according to the assumptions agreed in R1-071817, with the exception of cr = 0.7, which was skipped for fairness to the CB proposal due to the thresholding effect already described.
· (II): over a more practically important selection of entries from Segment A. E.g. for cr of 0.8 and 0.9, only BLER of 10% and 30% was considered, as this is likely to correspond better to actual system parameters. Further, in the case of NData sweep, the wider cr range of 0.33–0.91 was taken into account.
· In Segment C, the weighted mean of entries from segment B is shown. The weighting is such that the results of TBS sweep and NData sweep are given the same significance, e.g. for the 1st entry in Segment C the weighted_mean = (mean(1.4813, 1.8293, 2.2686, 3.6686) + 1.7002)/2.
In summary, as can be verified from Segment C, the overall performance of all simulated algorithms is close. However, both the plain Rel-5 and CB rate matching show significant degradations in a non negligible number of cases, while Rel-5+Dithering gives a more consistent performance, still with some degradations in specific cases, which are of lesser practical importance. Rel-5+Dithering is the best performing proposal, gaining nearly 0.15dB over CB according to the weighted mean(II), which is significant.
As such there does not seem to be an incentive to change to the CB approach.
	SEGMENT A
	

	algorithm
	BLER
	mean Eb/N0 for given BLER, dB
	

	
	
	TBS Sweep
	NData Sweep
	

	
	
	cr = 0.4
	cr = 0.5
	cr = 0.6
	cr = 0.7
	cr = 0.8
	cr = 0.9
	cr=0.33–0.8
	cr=0.33–0.91
	

	Rel-5
	30%
	0.9901
	1.3197
	1.7244
	2.2418
	2.9221  b
	3.9387
	1.3748
	1.5294
	

	Rel-5+D
	
	0.9901
	1.3197
	1.7239  b
	2.2414  b
	2.9221  b
	3.9342  b
	1.3594
	1.5151
	

	CB
	
	0.9917
	1.3558
	1.8188
	2.3695
	2.9832
	4.6424
	1.3838
	1.5498
	

	Rel-5
	10%
	1.2185
	1.5563
	1.9739
	2.5162
	3.2343
	4.3127
	1.5213
	1.6804
	

	Rel-5+D
	
	1.2185
	1.5563
	1.9732  b
	2.5158  b
	3.2338
	4.3059  b
	1.5039
	1.6643
	

	CB
	
	1.2166
	1.5942
	2.0822
	2.6518
	3.2759
	5.4813
	1.5286
	1.7116
	

	Rel-5
	1%
	1.5292
	1.8795
	2.3178
	2.9200
	3.7105
	4.9656
	1.7294
	1.9003
	

	Rel-5+D
	
	1.5292
	1.8795
	2.3167  b
	2.9188  b
	3.7096
	4.9548  b
	1.7063
	1.8789  b
	

	CB
	
	1.5255
	1.9291
	2.4573
	3.0701
	3.7037
	6.7462
	1.7319
	1.9513
	

	Rel-5
	0.2%
	1.6963
	2.0520  b
	2.5142
	3.1870
	4.0611
	5.4295
	1.8498
	2.0338
	

	Rel-5+D
	
	1.6963
	2.0520  b
	2.5126  b
	3.1850  b
	4.0601
	5.4156  b
	1.8212
	2.0073  b
	

	CB
	
	1.6942
	2.1126
	2.6795
	3.3377
	3.9663  b
	7.3364
	1.8463
	2.0811
	

	SEGMENT B
	SEGMENT C

	
	
	I: mean(mean Eb/N0) for BLER 10%, 1%, 0.2% (over highlighted entries as per R1-071817), dB
	weighted mean(I)

	Rel-5
	
	1.4813
	1.8293
	2.2686
	
	3.6686
	
	1.7002
	
	2.0061 (+0.0118)

	Rel-5+D
	
	1.4813
	1.8293
	2.2675
	
	3.6678
	
	1.6771
	
	1.9943                

	CB
	
	1.4788
	1.8786
	2.4063
	
	3.6486
	
	1.7023
	
	2.0277 (+0.0216)

	
	
	
	
	
	
	
	
	
	
	

	
	
	II: mean(mean Eb/N0) (taken over entries not in italics), dB
	weighted mean(II)

	Rel-5
	
	1.3585
	1.7019
	2.1326
	
	3.0782
	4.1257
	
	1.7860
	2.1327 (+0.0105)

	Rel-5+D
	
	1.3585
	1.7019
	2.1316
	
	3.0780
	4.1201
	
	1.7664
	2.1222                

	CB
	
	1.3570
	1.7479
	2.2595
	
	3.1296
	5.0618
	
	1.8235
	2.2673 (+0.1451)


4. Detailed Simulation Results

4.1. TBS Sweep, BLER Target 30%
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4.2. TBS Sweep, BLER Target 10%
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4.3. TBS Sweep, BLER Target 1%
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4.4. TBS Sweep, BLER Target 0.2%
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4.5. NData Sweep, BLER Target 30%
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4.6. NData Sweep, BLER Target 10%
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4.7. NData Sweep, BLER Target 1%
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4.8. NData Sweep, BLER Target 0.2%
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