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1 Introduction
At RAN4 #62 meeting, the soft buffer limitation test case using 2Tx+TM3, 20+20MHz, EVA5, 64QAM MCS17 for UE category 4 was agreed and the corresponding CR was agreed [1]. However, for UE category 3 test case it was proposed [2] to reuse the existing test case 2 as R.30 FDD+EVA70 in Table 8.2.1.3.1-2 in TS36.101 rather than setting up new case. The possibility needs to be checked then both alignment and impairment simulation results need to be provided. All these test cases were discussed for FDD.
For TDD soft buffer limitation tests, the verification assumptions with similar RMCs and testing conditions using UL/DL configuration 1 and 7 HARQ processes for UE category 3/4 were proposed [3] at RAN4 #62 bis meeting. 
In this contribution, we provide the UE category 3 test alignment results for FDD under agreed existing test case 2 R.30 FDD assumption and the UE category 3/4 test alignment results for TDD under suggested assumptions. Then we evaluate whether the assumptions are suitable for soft buffer limitation tests in both FDD and TDD and give our impairment results.
2 Simulations and Discussion
2.1 CA soft buffer limitation tests for UE category 3 FDD
The agreed test assumption to check the implementation of the instantaneous buffer for UE Category 3FDD is to reuse existing test case with FRC R.30.FDD instead of the new defined FRC R.30-1.FDD in [4].The difference between the two FRCs is only that subframe 0 carries the data for transmission in FRC R.30.FDD while in FRC R.30-1.FDD does not. The simulations are based on R.30 FDD with 2Tx+TM3, 20+20MHz, EVA70, 16QAM, MCS 14 and the alignment results with and without instantaneous buffer are shown in Figure 1. The alignment results are also attached in the Excel sheet.
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Figure 1 alignment results for FDD 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 and without instantaneous buffer for UE Category 3 FDD under the scenario R.30 FDD, EVA70 is about 4.5dB at 70% TP. The gap is obvious because the physical channel bit number (51168 for subframe #0 and 52800 for subframe 1,2,3,4,6,7,8,9) is larger than receiver soft buffer size (1237248/2/8/2=38664) .
Considered the impaired margin, we propose the SNR requirement as 12.4dB to set up the requirement for the performance test with soft buffer limitation for UE Category 3 FDD. It is observed that Cat 3 UE with instantaneous buffer can achieve the similar performance as Cat 5-8 UE under test case 2, so that we can reuse existing test case 2 as R.30 FDD+EVA70 for UE Category 3FDD in order to define one less FRC table.
Proposal 1: Reusing test case 2 in Table 8.2.1.3.1-2 in TS36.101 for FDD UE category 3 test is feasible and SNR requirement for the performance test is 12.4dB.
2.2 CA soft buffer limitation tests for UE category 3/4 TDD
For TDD CA soft buffer limitation tests, it was proposed to use UL/DL configuration 1 and 7 HARQ processes for UE category 3/4. In special subframe, no data was scheduled for the tests. Three test cases using similar testing parameters with FDD were listed in [3]. Test 1/2 using EVA5 and EVA70 respectively were for UE category 3 and Test 3 was for UE category 4. It was noted that Test 2’s configuration was pretty much similar to current CA TM3 test for UE category 5-8, except that R.30-1 TDD utilized the special subframe, while the Test 2 here didn’t. So Test2 and Test3 were agreed in RAN4 #62bis meeting for TDD UE category 3 and 4 test respectively.

We list the following common test parameters in Table1, with the different part with FDD marked in yellow. The other parameters are listed in Table2 for Test2/3. The reference channels of test 2/3 are given in Annex. Simulated alignment results under the two provided test case are shown in Figure 2 and Figure 3.

Table 1 Common test parameters for TDD
	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.

Only subframes 4 & 9 were allocated.
No resource blocks are allocated for special subframes 1&6.

	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

	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.

	Uplink downlink configuration
	1

	Special subframe configuration
	4

	Number of HARQ processes
	7

	Maximal number of HARQ transmission
	4

	Soft buffer implementation
	With instantaneous buffer vs. without instantaneous buffer

	Performance metric


	PDSCH throughput vs. SNR


Table 2 Test parameters for TDD UE category 3/4 tests
	Parameter
	Test 2
	Test 3

	UE category
	3
	4

	Channel Model
	EVA70
	EVA5

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

	IMCS
	14 (16QAM)
	17 (64QAM)

	Transport block size
	25456
	30576

	Number of transport blocks per CC
	2
	2

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

	Soft buffer implementation
	With & w/o instantaneous buffer
	With & w/o instantaneous buffer
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Figure 2 alignment results for TDD UE category 3 test 2
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Figure 3 alignment results for TDD UE category 4 test 3
In Test 2 and Test 3, the available receiver soft buffer sizes for UE category 3 and 4 are 44187(1237248/2/7/2) and 65252(1827072/2/7/2) which are slightly larger than FDD because HARQ process number reduces from 8 to 7. However, for normal subframe the number are still smaller than the physical channel bits which are 52800 and 79200 for UE category 3/4 respectively. So we can anticipate the performance gap between with and without instantaneous buffer will also considerable. This is verified by simulation.
From the results, we observe that the performance gap between with instantaneous buffer and without instantaneous buffer at 70% of the maximal throughput of Test 2 and Test 3 is 2.4dB and 2.2dB. The performance difference is smaller than FDD but is adequate for the test. Meanwhile, the test SNR point is below 14dB, which is appropriate for the UE to implement. So Test 2 and Test 3 are appropriate for TDD soft buffer limitation tests.
The SNR requirements with impairement margins for TDD soft buffer limitation test for UE category 3 and UE category 4 shoud be 12.7dB and 15.0dB respectively.
Proposal 2: For TDD UE category 3/4 soft buffer limitation tests, Test 2 and Test3 with UL/DL configuration 1 and TP as 70% maximum throughput test case is applicable. The SNR requirements with impairment margins should be 12.7dB and 15.0dB respectively for UE category 3 and UE category 4.
3 Summary
In this contribution, we evaluate several potential CA soft buffer limitation test assumptions for UE category 3 and category 4 for both FDD and TDD .Then SNR requirements with impairment margin are given.
Based on the simulation results and analysis, the proposals are captured as below:
Proposal 1: Reusing test case 2 in Table 8.2.1.3.1-2 in TS36.101 for FDD UE category 3 test is feasible and SNR requirement for the performance test is 12.4dB.
Proposal 2: For TDD UE category 3/4 soft buffer limitation tests, Test 2 and Test3 with UL/DL configuration 1 and TP as 70% maximum throughput test case is applicable. The SNR requirements with impairment margins should be 12.7dB and 15.0dB respectively for UE category 3 and UE category 4.
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5 Annex: FRC for TDD soft buffer limitation tests

Table A.3.4.2.1-2: Fixed Reference Channel two antenna ports (for soft buffer limitation tests)
	Parameter
	Unit
	Value

	Reference channel
	
	R.xx-1
 TDD
	Rxx-2
TDD
	
	
	
	
	

	Channel bandwidth
	MHz
	20
	20
	
	
	
	
	

	Allocated resource blocks (Note 5)
	
	100
	100
	
	
	
	
	

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	
	
	
	
	

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	
	
	
	
	

	Modulation
	
	16QAM
	64QAM
	
	
	
	
	

	Target Coding Rate
	
	1/2
	0.39
	
	
	
	
	

	Information Bit Payload (Note 5)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	25456
	30576
	
	
	
	
	

	  For Sub-Frames 1,6
	
	n/a
	n/a
	
	
	
	
	

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

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

	Number of Code Blocks
(Notes 4 and 5)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	
	5
	5
	
	
	
	
	

	  For Sub-Frames 1,6
	
	n/a
	n/a
	
	
	
	
	

	  For Sub-Frame 5
	
	n/a
	n/a
	
	
	
	
	

	  For Sub-Frame 0
	
	n/a
	n/a
	
	
	
	
	

	Binary Channel Bits (Note 5)
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	52800
	79200
	
	
	
	
	

	  For Sub-Frames 1,6
	
	n/a
	n/a
	
	
	
	
	

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

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

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	5.091
	6.115
	
	
	
	
	

	UE Category
	
	3
	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. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].

Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:
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 5:
Given per component carrier per codeword






















































































