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1 Introduction
In the previous RAN4 meetings, the simulation assumption for the CA soft buffer limitation tests has been agreed [1] and the simulation results for UE category 3 and 4 tests have been provided[2~5]. For UE category 3 tests, it is agreed that the scenario TM3 rank 2 16QAM MCS14 with TP as 70% maximum throughput is suitable, since the performance between with and without instantaneous buffer is different enough. For UE category 4, there is no performance difference at 70% throughput for either the TM3 rank 2 16QAM MCS14 scenario or TM2 rank 1 64QAM MCS23 scenario. In order to make the test meaningful, the test parameters need to be changed. As the required SNR is too low, we will not use 30% throughput as the requirement criteria with current assumptions. Fujitsu in R4-116136 gives three suggested options in which TM3 rank2 and 64QAM are used for UE category 4 tests. All the test cases are for FDD.
In this contribution, we provide the UE category 3 test simulation results under agreed assumption and the UE category 4 test simulation results under Fujitsu’s suggested assumptions. Then we evaluate whether the assumptions are suitable for UE category 4 tests.
For TDD sustained data rate (SDR) tests, the primal suggestion is to use DL/UL configuration 5 to realize the highest downlink throughput. However, it has been noted in the previous meeting that the heavy HARQ-ACK bundling may result in an impractical test point, which may fall away from the purpose of SDR tests. HARQ-ACK multiplexing method could reduce the performance degradation due to the limited HARQ-ACK resource compared with HARQ-ACK bundling method. So, DL/UL configuration 1 with 7 HARQ processes and multiplexing feedback mode is suggested in [6]. According to our evaluation, we think that the proposed configurations are feasible and propose 85% TP as the test metric.
2 Simulations and Discussion
2.1 CA soft buffer limitation tests for UE category 3
The agreed test assumption to be used to check the implementation of the instantaneous buffer for UE Category 3 is shown in Table 1 and Table 2. The simulations are based on this assumption and the results with and without instantaneous buffer are shown in Figure 1.
Table 1 Common test parameters

	Parameter
	　Value

	System bandwidth
	20 MHz + 20 MHz (100 + 100 RBs)

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Sub-frame configuration
	100 resource blocks are allocated per CC in all subframes except subframe #0 and #5. No resource blocks are allocated in sub-frame #0 and #5

	Number of OFDM symbols for PDCCH
	2 symbols per subframe per CC

	Power allocation (ρA,  ρB) )
	-3 dB

	Antenna configuration and correlation matrix
	2x2 Low

	Channel model
	EVA5

	SIR / CQI estimation
	Practical

	Channel estimation
	Practical

	Frequency error
	0 Hz

	EVM error 
	6%

	UE Categories
	3 or 4

	Per CC soft buffer size
	Soft buffer size of each CC is set to half of that of the single carrier case.

	Number of HARQ processes
	8

	Maximal number of HARQ transmission
	4

	Soft buffer implementation
	With instantaneous buffer vs. without instantaneous buffer

	Performance metric


	PDSCH throughput vs. SNR


Table 2 Parameters for UE category 3 test case
	Parameter
	　Test 1a
	　Test 1b

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)

	IMCS
	14 (16QAM)
	14 (16QAM)

	
	
	

	Transport block size
	25456
	25456

	Number of transport blocks per CC
	2
	2

	Redundancy version coding sequency
	{0, 1, 2, 3}
	{0, 1, 2, 3}

	Soft buffer implementation

(Note)
	w/ instantaneous buffer
	w/o instantaneous buffer
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Figure 1 Simulation results for UE category 3 test
The default test point to measure the performance gap between different soft buffer implementations is at 70% of the maximal throughput. When UE does not have an instantaneous buffer, the received soft bits that cannot be saved in the soft buffer are discarded before decoding. From the results above we can see the performance gap between with or without instantaneous buffer for UE Category 3 is about 4.3dB.The gap is obvious because the physical channel bit number (13200*4=52800) is larger than receiver soft buffer size (1237248/2/8/2=38664) .The gap is big enough for the implementation margin so that the test assumption and 70% TP test point are sufficient for UE category 3 test.
The alignment results are attached in this contribution.
2.2 CA soft buffer limitation tests for UE category 4
For UE category 4 tests, 30% test point is not meaningful because the corresponding SNR is too low. Large MCS number will not be chose for transmission in the low SNR so that it will be no soft buffer limitation problem. In order to have a big performance gap at 70% throughput for UE category 4 soft buffer limitation tests, 64 QAM is used in TM3 rank 2 test case. In this case, more physical channel bits (13200*6=79200) are available than receiver soft buffer size (1827072/2/8/2=57096). The following parameters in Table 3 can be applicable. The other parameters are the same as common test parameters shown in Table 1.Simulation results for the three MCS options under the provided test case are shown in Figure 2 to Figure 4. The reference channels are given in Annex.
Table 3 Proposed parameters for UE category 4 test case

	Parameter
	Option1
	Option2
	Option3

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)
	TM3 (rank 2)

	IMCS
	17 (64QAM)
	18 (64QAM)
	19 (64QAM)

	Transport block size
	30576
	32856
	36696

	Number of transport blocks per CC
	2
	2
	2

	Redundancy version coding sequency
	{0, 0, 1, 2}
	{0, 0, 1, 2}
	{0, 0, 1, 2}
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Figure 2 Simulation results for UE category 4 test option1
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Figure 3 Simulation results for UE category 4 test option2
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Figure 4 Simulation results for UE category 4 test option3
From the results, we observe that the performance gap between with instantaneous buffer and without instantaneous buffer at 70% of the maximal throughput of the three options is respectively 4.2dB, 4.6dB and 5.5dB. All the options can acquire obvious performance difference at 70% TP. As is shown, option3 has biggest performance gap and largest TB size. Meanwhile, the test SNR point is below 16dB, which is appropriate for the UE to implement. So we propose to use option3 as the test case for UE category 4.
Proposal 1: For UE category 4 soft buffer limitation tests, TM3 rank 2 64QAM MCS19 with TP as 70% maximum throughput test case is applicable.

2.3 SDR tests
For SDR TDD tests, according to our evaluation, the test assumptions of DL/UL configuration 1 with 7 HARQ processes and multiplexing feedback mode suggested in [6] is feasible. And for both FDD and TDD, we suggest using 85% TB success rate as test metric.
Proposal 2: UE configured with TDD UL/DL configuration 1, 7 HARQ processes and multiplexing feedback mode is feasible for TDD sustained data rate test. For both FDD and TDD SDR tests, 85% TB success rate could be used as requirements.
3 Summary
In this contribution, we evaluate several potential CA soft buffer limitation test assumptions for UE category 3 and category 4. TDD SDR test case for UL/DL configuration 1 with 7 HARQ processes multiplexing feedback mode is also included.

Based on the simulation results and analysis, the proposals are captured as below:
Proposal 1: For UE category 4 soft buffer limitation tests, TM3 rank 2 64QAM MCS19 with TP as 70% maximum throughput test case is applicable.
Proposal 2: UE configured with TDD UL/DL configuration 1, 7 HARQ processes and multiplexing feedback mode is feasible for TDD sustained data rate test. For both FDD and TDD SDR tests, 85% TB success rate could be used as requirements
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5 Annex: FDD FRC for soft buffer limitation tests

Table A.3.3.2.1-2: Fixed Reference Channel two antenna ports (for soft buffer limitation tests)
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx FDD
	R.yy-1 FDD
	R.yy-2 FDD
	R.yy-3 FDD
	
	
	

	Channel bandwidth
	MHz
	20
	20
	20
	20
	
	
	

	Allocated resource blocks (Note 4)
	
	100
	100
	100
	100
	
	
	

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	
	
	

	Modulation
	
	16QAM
	64QAM
	64QAM
	64QAM
	
	
	

	Target Coding Rate
	
	1/2
	0.39
	0.41
	0.46
	
	
	

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	25456
	30576
	32856
	36696
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	5
	5
	6
	6
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	52800
	79200
	79200
	79200
	
	
	

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	  For Sub-Frame 0
	Bits
	n/a
	n/a
	n/a
	n/a
	
	
	

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	20.365
	24.461
	26.285
	29.357
	
	
	

	UE Category
	
	3
	4
	4
	4
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)

Note 4: 
Given per component carrier per codeword.






















































































