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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A new work item on UE demodulation/CSI performance requirements for multiple CA configurations was approved in RAN#64 plenary [1]. 
In this contribution, candidate solutions for different CA test cases are discussed, including normal demodulation test, soft buffer management, sustained data rate, power imbalance and CQI test.
2. CA normal demodulation test
In RAN4#71 meeting and the WID, it was agreed to specify normal demodulation tests (TM1, TM3, TM4 CA tests) based on single carrier performance requirement if the CA performance can be specified in terms of single carrier performance. 
With appropriate limit on UE category, there will be no ACK/NACK feedback issue and soft buffer limitation. Thus, normal CA demodulation test for multiple CA configurations (including 2~5DL CCs and TDD-FDD) could be specified in terms of single carrier performance. For the UE category that may cause ACK/NACK and soft buffer limitation, we can specify requirements for these special cases if operators want to deploy in such way.
Proposal 1: For normal demodulation test, focus on the cases that can be specified in terms of single carrier performance requirements first. 
In order to specify normal demodulation tests, minimum performance of single carrier need to be specified based on all bandwidths except for the existing 10MHz and 20MHz requirements. The rule of defining FRCs is to choose the same modulation order and code rate as existing 10MHz and 20MHz FRCs for all bandwidths. Table 1~6 show the framework of single carrier minimum performance both for TDD and FDD. 
Proposal 2: Define FRCs for all bandwidths with the same modulation order and code rate as existing 10MHz and 20MHz FRCs.
Proposal 3: Interested companies are encouraged to provide simulation results of single carrier next meeting for alignment.
Table 1: Minimum performance per component carrier for CA TM1 FDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[R.4 FDD]
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[TBD]

	2
	3MHz
	[QPSK 1/3]
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[TBD]

	3
	5MHz
	[QPSK 1/3]
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[TBD]

	4
	10MHz
	R.2 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	-1.1

	5
	15MHz
	[QPSK 1/3]
	OP.1 FDD
	EVA5
	1x2 Low
	70
	[TBD]

	6
	20MHz
	R.42 FDD
	OP.1 FDD 
	EVA5
	1x2 Low
	70
	-1.3



Table 2: Minimum performance per component carrier for CA TM3 FDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[16QAM 1/2]
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	[TBD]

	2
	3MHz
	[16QAM 1/2]
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	[TBD]

	3
	5MHz
	[R.11-2 FDD]
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	[TBD]

	4
	10MHz
	R.11 FDD
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	13.7

	5
	15MHz
	[R.30-1 FDD]
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	[TBD]

	6
	20MHz
	R.30 FDD
	OP.1 FDD 
	EVA70
	2x2 Low
	70
	13.2



Table 3: Minimum performance per component carrier for CA TM4 FDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[16QAM 1/2]
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[TBD]

	2
	3MHz
	[16QAM 1/2]
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[TBD]

	3
	5MHz
	[16QAM 1/2]
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[TBD]

	4
	10MHz
	R.14 FDD
	OP.1 FDD
	EVA5
	4x2 Low
	70
	10.8

	5
	15MHz
	[16QAM 1/2]
	OP.1 FDD
	EVA5
	4x2 Low
	70
	[TBD]

	6
	20MHz
	R.14-3 FDD
	OP.1 FDD 
	EVA5
	4x2 Low
	70
	10.9




Table 4: Minimum performance per component carrier for CA TM1 TDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[R.4 TDD]
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[TBD]

	2
	3MHz
	[QPSK 1/3]
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[TBD]

	3
	5MHz
	[QPSK 1/3]
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[TBD]

	4
	10MHz
	[R.2 TDD]
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[TBD]

	5
	15MHz
	[QPSK 1/3]
	OP.1 TDD
	EVA5
	1x2 Low
	70
	[TBD]

	6
	20MHz
	R.42 TDD
	OP.1 TDD 
	EVA5
	1x2 Low
	70
	-1.2



Table 5: Minimum performance per component carrier for CA TM3 TDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[TBD]

	2
	3MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[TBD]

	3
	5MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[TBD]

	4
	10MHz
	[R.11-1 TDD]
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[TBD]

	5
	15MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA70
	2x2 Low
	70
	[TBD]

	6
	20MHz
	R.30-1 TDD
	OP.1 TDD
	EVA70
	2x2 Low
	70
	13.7



Table 6: Minimum performance per component carrier for CA TM4 TDD
	Test num.
	Band-width
	Reference channel
	OCNG pattern
	Propa-gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1
	1.4MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[TBD]

	 2
	3MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[TBD]

	3
	5MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[TBD]

	4
	10MHz
	[R.14 TDD]
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[TBD]

	5
	15MHz
	[16QAM 1/2]
	OP.1 TDD
	EVA5
	4x2 Low
	70
	[TBD]

	6
	20MHz
	R.43 TDD
	OP.1 TDD
	EVA5
	4x2 Low
	70
	11.1



3. Soft buffer management
Soft buffer management tests are specified to verify UE’s proper implementation of instantaneous buffer. And instantaneous buffer issue happens when channel bits are significantly larger than soft buffer bits. 
For 2DL CA, FDD soft buffer management test is specified for bandwidth combination 2x20MHz, 15+10MHz, 20+10MHz and 20+15MHz. For 3DL CA, the problematic cases are marked as red in Table 7. For cat 3/4 UE, if we specify soft buffer management test for all the problematic bandwidth combinations, the test number will be greatly increased. Since so far there is no clear deployment requirement for using cat 3/4 UE in 3DL CA from any operators, we suggest not to specifying soft buffer management test for cat 3/4 UE. 
Proposal 4: Don’t specify soft buffer management test for cat 3/4 UE for 3DL CA and beyond.
Table 7: Channel bits and soft buffer bits for 3DL CA
	 
	soft bits
	bandwidth
	MCS
	chan bits
	 
	soft bits
	bandwidth
	MCS
	chan bits
	 
	soft bits
	bandwidth
	MCS
	chan bits

	cat 3
	25776
	20
	64-QAM
	86400
	cat 4
	38064
	20
	64-QAM
	86400
	cat 6/7
	76128
	20
	64-QAM
	86400

	
	
	
	16-QAM
	57600
	
	
	
	16-QAM
	57600
	
	
	
	16-QAM
	57600

	
	
	15
	64-QAM
	64800
	
	
	15
	64-QAM
	64800
	
	
	15
	64-QAM
	64800

	
	
	
	16-QAM
	43200
	
	
	
	16-QAM
	43200
	
	
	
	16-QAM
	43200

	
	
	10
	64-QAM
	43200
	
	
	10
	64-QAM
	43200
	
	
	10
	64-QAM
	43200

	
	
	
	16-QAM
	28800
	
	
	
	16-QAM
	28800
	
	
	
	16-QAM
	28800



For cat 6/7 UE supporting 3DL CA, there is only one possible problematic case, i.e. 20MHz, 64QAM. Figure 1 shows the performance of UE with and without instantaneous buffer for the problematic case. It can be observed that the performance of UE with and without instantaneous buffer is very similar. Thus, there is no need to specify soft buffer management test for cat 6/7 UE.
Proposal 5: Don’t specify soft buffer management test for cat 6/7 UE for 3DL CA and beyond.
Figure 1: Performance of cat 6/7 UE with and without instantaneous buffer吞吐Througho

For 4DL/5DL CA, the soft buffer and channel bits are provided in Table 7~8, and the problematic cases are marked in red.  
Table 7: Channel bits and soft buffer bits for 4DL CA
	 
	soft bits
	bandwidth
	MCS
	chan bits
	 
	soft bits
	bandwidth
	MCS
	chan bits

	cat 6/7
	57096
	20
	64-QAM
	86400
	cat 9/10
	86544
	20
	64-QAM
	86400

	
	
	
	16-QAM
	57600
	
	
	
	16-QAM
	57600

	
	
	15
	64-QAM
	64800
	
	
	15
	64-QAM
	64800

	
	
	
	16-QAM
	43200
	
	
	
	16-QAM
	43200

	
	
	10
	64-QAM
	43200
	
	
	10
	64-QAM
	43200

	
	
	
	16-QAM
	28800
	
	
	
	16-QAM
	28800



Table 8: Channel bits and soft buffer bits for 5DL CA
	 
	soft bits
	bandwidth
	MCS
	chan bits
	 
	soft bits
	bandwidth
	MCS
	chan bits

	cat 6/7
	45676
	20
	64-QAM
	86400
	cat 9/10
	68515
	20
	64-QAM
	86400

	
	
	
	16-QAM
	57600
	
	
	
	16-QAM
	57600

	
	
	15
	64-QAM
	64800
	
	
	15
	64-QAM
	64800

	
	
	
	16-QAM
	43200
	
	
	
	16-QAM
	43200

	
	
	10
	64-QAM
	43200
	
	
	10
	64-QAM
	43200

	
	
	
	16-QAM
	28800
	
	
	
	16-QAM
	28800



In the existing 2DL soft buffer test, single carrier throughput is used as test metric and two coding rates (16QAM 1/2, 64QAM 0.39) are used for different bandwidths. Thus, single carrier requirement of certain fixed MCS could be considered to specify the CA soft buffer requirements. The possible structure of single carrier requirement for soft buffer management test is provided in Table 9 and Table 10.
Table 9: Minimum performance soft buffer mangement test for FDD per component carrier 
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-
gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum
Throughput (%)
	SNR (dB)

	1
	10MHz
	[R.11 FDD]
	OP.1 FDD 
	[EVA70]
	2x2 Low
	70
	[13.5]

	2
	10MHz
	[R.35-3 FDD]
	OP.1 FDD 
	[EVA5]
	2x2 Low
	70
	[15.9]

	3
	15MHz
	[R.30-1 FDD]
	OP.1 FDD 
	[EVA70]
	2x2 Low
	70
	[13.5]

	4
	15MHz
	[R.35-2 FDD]
	OP.1 FDD 
	[EVA5]
	2x2 Low
	70
	[15.9]

	5
	20MHz
	[R.30 FDD]
	OP.1 FDD 
	[EVA70]
	2x2 Low
	70
	[13.5]

	6
	20MHz
	[R.35-1 FDD] 
	OP.1 FDD 
	[EVA5]
	2x2 Low
	70
	[15.9]


Table 10: Minimum performance soft buffer mangement test for TDD per component carrier 
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propa-
gation condi-tion
	Correlation matrix and antenna config.
	Reference value

	
	
	
	
	
	
	Fraction of maximum
Throughput (%)
	SNR (dB)

	1
	10MHz
	[16QAM 1/2]
	OP.1 TDD
	[EVA70]
	2x2 Low
	70
	[TBD]

	2
	10MHz
	[64QAM 0.39] 
	OP.1 TDD
	[EVA5]
	2x2 Low
	70
	[TBD]

	3
	15MHz
	[16QAM 1/2]
	OP.1 TDD
	[EVA70]
	2x2 Low
	70
	[TBD]

	4
	15MHz
	[64QAM 0.39]
	OP.1 TDD
	[EVA5]
	2x2 Low
	70
	[TBD]

	5
	20MHz
	[R.30-2 TDD]
	OP.1 TDD
	[EVA70]
	2x2 Low
	70
	13.2

	6
	20MHz
	[R.35-1 TDD] 
	OP.1 TDD 
	[EVA5]
	2x2 Low
	70
	15.7



Proposal 6: For 3DL CA and beyond, specify soft buffer management test based on single carrier requirement.
4. Sustained data rate
The purpose of sustained data rate test is to verify the Layer 1 and Layer2 correctly process in a sustained manner the received packets corresponding to the maximum transport block bits received within a TTI for the UE category indicated.
The UE category issue needs to be considered for SDR test as well. Similar to soft buffer test, for cat 3/4 UE, we suggest not to specifying SDR test for 3DL CA and beyond. 
Proposal 7: Don’t specify sustained data rate test for cat 3/4 UE for 3DL CA and beyond.
[bookmark: _GoBack]For cat 6/7/9/10 UE, the solution in [3] should be considered to specify SDR requirements, i.e. specify single carrier SDR requirement in terms of the certain coding rate. If the averaged coding rate is larger than the threshold, then 85% TB success rate will be applied. Otherwise, 95% TB success rate will be applied. In order to determine the threshold of coding rate, simulation results for different coding rates based on different bandwidths are provided in Figure 2~4. It is observed that the coding rate<=0.8 could reach 100% throughput with SNR lower than 22dB under different bandwidths. Thus, 0.8 coding rate could be the threshold between 85% and 95% TB success rate.
Proposal 8: Specify sustained data rate test based on single carrier requirement. Specify single carrier TB success rate based on coding rate. 
· If the coding rate >[0.8], 85% TB success rate will be applied. 
· If the coding rate <=[0.8], 95% TB success rate will be applied.

Figure 2: 10MHz throughput for SDR

Figure 3: 15MHz throughput for SDR
 
Figure 4: 20MHz throughput for SDR 
5. Power imbalance test
The purpose of power imbalance test is to verify the ability of an intra-band adjacent carrier aggregation UE to demodulate the signal transmitted by the PCell in the presence of a stronger SCell signal on an adjacent frequency. Throughput is measured on the PCell only.
So far, only 2x20MHz test case is specified for 2DL CA. For intra-band contiguous CA with more than 2CCs, in [4], it is proposed to randomly select 2CCs and run power imbalance test for 2DL CA. However, take 3DL CA as an example, if the UE is implemented with 2 RF chain, it is possible that the power imbalance test is invalid when the selected 2 CCs are from different RF chain.
For N-DL intra-band contiguous CA, the possible bandwidth combination is (N-1)*20MHz+X (X<=20MHz) as illustrate in Figure 5. One possible flexible solution to specify the power imbalance test is provided as follows:
· For 3DL CA power imbalance test, run 2x20MHz test for (C1, C2), run 20MHz+X test for (C2, C3).
· For 4DL CA power imbalance test, run 2x20MHz test for (C1, C2), run 20MHz+X test for (C3, C4).
· For 5DL CA power imbalance test, run 2x20MHz test for (C1, C2), run 2x20MHz test for (C2, C3), run 2x20MHz test for (C3, C4), run 20MHz+X test for (C4, C5).
In 36.101, CA configurations and bandwidth combination sets for 2DL intra-band contiguous CA are specified. The supported bandwidth combinations are: 2x20MHz, 20MHz+15MHz, 20MHz+10MHz and 20MHz+5MHz. Thus, X equals to 20/15/10/5MHz. For 2x20MHz, the existing power imbalance test could be reused. For the other bandwidth combinations (20MHz+15MHz, 20MHz+10MHz and 20MHz+5MHz), new power imbalance requirements need to be specified. 
[image: ]
Figure 5: Bandwidth combination for 3~5DL intra-band contiguous CA
Proposal 9: Use 2DL CA power imbalance requirement to specify 3~5DL CA power imbalance test. Specify power imbalance test for 2DL CA including 20MHz+5MHz, 20MHz+10MHz and 20MHz+15MHz.
6. CQI test
The purpose of CSI test for carrier aggregation is to verify that the channel state for each cell is correctly reported with multiple cells configured for periodic reporting.
Delta wideband CQI is used as the test metric in the existing CA CQI tests. 
wideband CQIPcell – wideband CQIScell ≥ 2
The existing solution could be extended to 3DL CA and beyond. Delta wideband CQI between each pair of PCell and SCell could be used as the test metric. For example:
wideband CQIPcell – wideband CQIScell_1 ≥ Threshold_1
wideband CQI Scell_1 – wideband CQIScell_2 ≥ Threshold_2
Proposal 10: Reuse existing delta wideband CQI as the test metric for 3DL CA and beyond.
7. Conclusion
In this contribution, candidate solutions for different CA test cases are discussed, including normal demodulation test, soft buffer management, sustained data rate, power imbalance and CQI test. Several proposals are listed as follows:
· Normal CA demodulation test:
Proposal 1: For normal demodulation test, focus on the cases that can be specified in terms of single carrier performance requirements first. 
Proposal 2: Define FRCs for all bandwidths with the same modulation order and code rate as existing 10MHz and 20MHz FRCs.
Proposal 3: Interested companies are encouraged to provide simulation results of single carrier next meeting for alignment.
· Soft buffer management test
Proposal 4: Don’t specify soft buffer management test for cat 3/4 UE for 3DL CA and beyond.
Proposal 5: Don’t specify soft buffer management test for cat 6/7 UE for 3DL CA and beyond.
Proposal 6: For 3DL CA and beyond, specify soft buffer management test based on single carrier requirement.
· Sustained data rate test
Proposal 7: Don’t specify sustained data rate test for cat 3/4 UE for 3DL CA and beyond.
Proposal 8: Specify sustained data rate test based on single carrier requirement. Specify single carrier TB success rate based on coding rate. 
· If the coding rate >[0.8], 85% TB success rate will be applied. 
· If the coding rate <=[0.8], 95% TB success rate will be applied.
· Power imbalance test
Proposal 9: Use 2DL CA power imbalance requirement to specify 3~5DL CA power imbalance test. Specify power imbalance test for 2DL CA including 20MHz+5MHz, 20MHz+10MHz and 20MHz+15MHz.
· CA CQI test
Proposal 10: Reuse existing delta wideband CQI as the test metric for 3DL CA and beyond.
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Thoughput
Rc=0.70	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.022	0.249333333333333	0.249333333333333	0.332	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.444666666666667	0.5	0.5	0.8844	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.72	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.205333333333333	0.249333333333333	0.249333333333333	0.324	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.343333333333333	0.499333333333333	0.5	0.5424	0.9984	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.74	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.012	0.249333333333333	0.249333333333333	0.258	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.39	0.5	0.5	0.6648	0.9996	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.76	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.249333333333333	0.249333333333333	0.249333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.4832	0.5	0.5016	0.944	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.78	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.249333333333333	0.249333333333333	0.249333333333333	0.332666666666667	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.344666666666667	0.496	0.499444444444444	0.527777777777778	0.988333333333333	0.99952380952381	1.0	1.0	1.0	1.0	1.0	Rc=0.80	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.247333333333333	0.249333333333333	0.249333333333333	0.318	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.379333333333333	0.498888888888889	0.499444444444444	0.616666666666667	0.998095238095238	0.999047619047619	1.0	1.0	1.0	1.0	Rc=0.82	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.082	0.249333333333333	0.249333333333333	0.292	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.42	0.5	0.5	0.742857142857143	0.999047619047619	1.0	1.0	1.0	1.0	Rc=0.84	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.171333333333333	0.249333333333333	0.249333333333333	0.256666666666667	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.335555555555556	0.464444444444444	0.498888888888889	0.504285714285714	0.880476190476191	0.998095238095238	0.999583333333333	1.0	1.0	SNR(dB)
Throughput
Rc=0.70	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.024	0.249333333333333	0.249333333333333	0.332	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.406	0.5	0.5	0.782666666666667	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.72	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.189333333333333	0.249333333333333	0.249333333333333	0.304	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.484666666666667	0.5	0.504666666666667	0.973333333333333	1.0	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.74	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.249333333333333	0.249333333333333	0.251333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.381333333333333	0.499333333333333	0.5	0.660555555555556	1.0	0.999444444444445	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.76	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.249333333333333	0.249333333333333	0.249333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.472	0.5	0.5	0.911111111111111	1.0	1.0	1.0	1.0	1.0	1.0	1.0	Rc=0.78	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.249333333333333	0.249333333333333	0.249333333333333	0.329333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.334	0.47	0.5	0.501666666666667	0.896666666666667	0.999047619047619	1.0	0.99952380952381	1.0	1.0	1.0	Rc=0.80	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.217333333333333	0.249333333333333	0.249333333333333	0.310666666666667	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.350666666666667	0.493888888888889	0.499444444444444	0.542222222222222	0.981428571428571	1.0	1.0	1.0	1.0	1.0	Rc=0.82	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.208	0.249333333333333	0.249333333333333	0.282666666666667	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.376666666666667	0.498333333333333	0.5	0.604285714285714	0.995714285714286	1.0	1.0	1.0	1.0	Rc=0.84	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	21.0	22.0	23.0	24.0	25.0	26.0	0.0	0.0	0.0746666666666667	0.249333333333333	0.249333333333333	0.249333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.333333333333333	0.357222222222222	0.495	0.5	0.556190476190476	0.977619047619048	0.999583333333333	1.0	1.0	SNR(dB)
Throughput
UE without instantaneous buffer	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	0.0111	0.04895	0.09895	0.19165	0.26915	0.32165	0.37385	0.43335	0.4734	0.49095	0.5229	0.5476	0.69105	0.78155	0.9012	0.9762	0.9948	1.0	1.0	1.0	1.0	UE with instantaneous buffer	0.0	1.0	2.0	3.0	4.0	5.0	6.0	7.0	8.0	9.0	10.0	11.0	12.0	13.0	14.0	15.0	16.0	17.0	18.0	19.0	20.0	0.00555	0.05625	0.1271	0.25	0.30085	0.3425	0.39165	0.43195	0.4743	0.49515	0.53405	0.5863	0.7351	0.82145	0.94225	0.98335	0.99325	1.0	1.0	1.0	1.0	SNR(dB)
Throughput
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