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1 Introduction
In RAN4#62bis meeting it was agreed to use the five proposals from [1] as the way forward to set up the soft buffer limit test cases for TDD system. In this contribution we provide both the alignment and impairment results based on the proposed scenarios on UE Category 3 and 4. The alignment results give the comparison between w/wo instantatneous buffer. The impairment results together with the requiremenst in terms of SNR and test point are proposed for both Category 3 and 4. 
2 Simulation results for UE Category 3
2.1 Alignment results w/wo instantaneous buffer

The simulation results with 2Tx+TM3, 20+20MHz, EVA70, 16QAM with MCS 14 can be found in Figure 1. The simulation assumption is taken from [1] and listed from the Appendix. The SNR values for the 70% TP for both with and without instantaneous buffer cases can be found in Table 1. We use Tx EVM as 6% and practical channel estimation and noise estimation for this test scenario. And no RF impairments and frequency offsets are applied for these cases. The implementation with the instantaneous buffer we follow the Clause 7.1.8 from [2] and without the instantaneous buffer it is simply discarding all the bits beyond the buffer size.

Figure 1 Simulation curve for UE Category 3 without RF impairments
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Table 1 SNR on 70% TP point

	
	With Inst Buffer
	Without Inst Buffer
	Delta_SNR

	SNR [dB]
	11,2
	14,1
	2.9


From the results above we can see the distance between with or without instantaneous buffer for UE Category 3 gives about 3dB SNR difference at 70% maximum throughput test point. In our view this is big enough to use this scenario to define the test case for TDD system.
2.2 Impairment results with instantaneous buffer
In order to provide proper SNR requirement for this scenario in this section we provide the simulation results with impairments. The throughput curve can be found in Figure 2 and Table 2 gives the actual values. We use Tx EVM as 6% and practical channel estimation and noise estimation for all the test cases. The frequency offset as 30Hz between CCs is applied on SCell. The possible Rx RF impairments are linear distortion of RF and baseband filters, LO leakage and phase noise, I/Q imbalance, ADC quantization noise, and nonlinear distortion such as IMD2 and IMD3.

Figure 2 Simulation curve for UE Category 3 with RF impairments
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Table 2 Simulation results for soft buffer UE Cat 3 test scenario

	SNR[dB]
	4
	6
	8
	10
	12
	14
	16
	18

	TP
	1363000
	3879000
	5058000
	5713000
	8359000
	10093000
	10182000
	10182000


From the simulation results we can see the 70% test point gives the SNR requirement as 11.2dB so we propose this number to be used to further set up the requirement for the performance test with soft buffer limitation scenario for UE Category 3.

3 Simulation results for UE Category 4
3.1 Alignment results w/wo instantaneous buffer

The simulation results with 2Tx+TM3, 20+20MHz, EVA5, 64QAM with MCS17 can be found in Figure 3. The simulation assumption is taken from [1] and listed from the Appendix. The SNR values for the 70% TP for both with and without instantaneous buffer cases can be found in Table 3. We use Tx EVM as 6% and practical channel estimation and noise estimation for this test scenario. And no RF impairments and frequency offsets are applied for these cases. The implementation with the instantaneous buffer we follow the Clause 7.1.8 from [2] and without the instantaneous buffer it is simply discarding all the bits beyond the buffer size.

Figure 3 Simulation curve for UE Category 4 without RF impairments
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Table 3 SNR on 70% TP point

	
	With Inst Buffer
	Without Inst Buffer
	Delta_SNR

	SNR [dB]
	13,1
	15,8
	2.7


From the results above we can see the distance between with or without instantaneous buffer for UE Category 4 gives about 3dB SNR difference at 70% maximum throughput test point. In our view this is big enough to use this scenario to define the test case for TDD system.
3.2 Impairment results with instantaneous buffer
In order to provide proper SNR requirement for this scenario in this section we provide the simulation results with impairments. The throughput curve can be found in Figure 4 and Table 4 gives the actual values. We use Tx EVM as 6% and practical channel estimation and noise estimation for all the test cases. The frequency offset as 30Hz between CCs is applied on SCell. The possible Rx RF impairments are linear distortion of RF and baseband filters, LO leakage and phase noise, I/Q imbalance, ADC quantization noise, and nonlinear distortion such as IMD2 and IMD3.

Figure 4 Simulation curve for UE Category 4 with RF impairments
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Table 4 Simulation results for soft buffer UE Cat 4 test scenario

	SNR[dB]
	6
	8
	10
	12
	14
	16
	18
	20

	TP
	829000
	3598000
	4506000
	6149000
	8391000
	11603000
	12227000
	12230000


From the simulation results we can see the 70% test point gives the SNR requirement as 14.1dB so we propose this number to be used to further set up the requirement for the performance test with soft buffer limitation scenario for UE Category 4.

4 HARQ mode for the soft buffer limit cases

Since the HARQ mode as either multiplexing or bundling was not clearly defined from [1], and the current simulation assumption indicates a light bundling we used HARQ_bundling for all the results above. So we propose to use HARQ bundling for both UE Category 3 and 4 for a more robust performance.

5 Conclusions

In this contribution we provide the simulation results and proposals for TDD soft buffer limit performance test to check the instantaneous buffer implementation for both UE Category 3 and 4. Our proposals can be summerized as below
· Use HARQ bundling for the HARQ mode for both cases.

· The SNR requirement for UE Cat 3 for the test scenario 2Tx+TM3, 20+20MHz, EVA70, 16QAM, MCS 14 with test point as 70% maximum throughput should be 11.2dB
· The SNR requirement for UE Cat 4 for the test scenario 2Tx+TM3, 20+20MHz, EVA5, 64QAM, MCS 17 with test point as 70% maximum throughput should be 14.1dB
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7 Appedix
Based on the previous analysis, simulations were performed to verify those proposals and corresponding UE behaviour. Based on the above analysis, we have the following common test parameters, with the different part with FDD marked in yellow.

Table 5: 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.

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


The other testing scenarios and parameters are listed below and each test. 
Table 6 Testing scenarios and parameters
	Parameter
	Test 1
	Test 2

	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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