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1 Introduction
In meeting RAN4#60bis it was agreed to use the simulation assumptions summerized from [1] to check the implementation of the instantaneous buffer specified in [2]. This contribution provides the simulation results based on the agreed simulation assumptions and propose the test scenario for this issue. 
2 Simulation results
The simulation results with 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14 can be found in Figure 1 and Table 1 and with 2Tx+TM2, 20+20MHz, EVA5, 64QAM MCS23 can be found in Figure 2 and Table 2. The SNR values for the 70% TP for both 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’s simply discarding all the bits beyond the buffer size. The detailed simulation assumptions can be found from Appendix [1].
Figure 1 Simulation curves for 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14
[image: image1.emf]0

5000000

10000000

15000000

20000000

25000000

30000000

35000000

40000000

45000000

4 6 8 10 12 14 16 18

Throughput (bps)

SNR (dB)

2Tx+TM3 for 20+20MHz, EVA5, 16QAM MCS 14

E/// -Cat 3 with instantaneous buffer E/// -Cat 3 without instantaneous buffer

E/// -Cat 4 with instantaneous buffer E/// -Cat 4 without instantaneous buffer

70% TP point


Table 1 Throughput [Mbps] for 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14
	SNR[dB]
	4
	6
	8
	10
	12
	14
	16
	18

	Cat 3 w/ IB
	3,63
	14,53
	20,45
	26,91
	37,66
	40,51
	40,67
	40,67

	Cat 3 w/o IB
	0,30
	4,10
	10,24
	12,95
	15,67
	22,16
	32,64
	39,48

	Cat 4 w/ IB
	13,21
	18,75
	20,79
	26,91
	37,66
	40,51
	40,67
	40,67

	Cat 4 w/o IB
	10,64
	14,58
	19,33
	26,91
	37,66
	40,51
	40,67
	40,67


Figure 2 Simulation curves for 2Tx+TM2, 20+20MHz, EVA5, 64QAM MCS23
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Table 2 Throughput [Mbps] for 2Tx+TM2, 20+20MHz, EVA5, 64QAM MCS23
	SNR[dB]
	6
	8
	10
	12
	14
	16
	18

	Cat 3 w/ IB
	13,55
	16,26
	20,39
	30,07
	39,72
	40,71
	40,74

	Cat 3 w/o IB
	8,29
	14,02
	19,16
	24,36
	36,91
	40,52
	40,76

	Cat 4 w/ IB
	13,59
	16,72
	20,48
	30,07
	39,72
	40,71
	40,74

	Cat 4 w/o IB
	13,56
	16,72
	20,48
	30,07
	39,72
	40,71
	40,74


Table 3 SNR [dB] values at 70% TP for the proposed test cases
	
	2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14
	2Tx+TM2, 20+20MHz, EVA5, 64QAM MCS23

	
	Cat 3 w/ IB
	Cat 3 w/o IB
	Cat 4 w/ IB
	Cat 4 w/o IB
	Cat 3 w/ IB
	Cat 3 w/o IB
	Cat 4 w/ IB
	Cat 4 w/o IB

	SNR[dB] at 70%TP
	10,3
	15,3
	10,3
	10,3
	11,7
	12,8
	11,7
	11,7


From the results above we can see the curves between with or without instantaneous buffer for with UE Category 4 for both cases has no difference at all. But with UE Category 3 cases, for 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14 the difference can be up to 5dB and for 2Tx+TM2, 20+20MHz, EVA5, 64QAM MCS23 it’s about 1dB difference at 70% TP. 

The root cause for seeing such a big difference in 16QAM MCS14 UE Cat 3 case is the following. The TB size is 25456 which yields 5 CBs with each CB with 5120 bits. For UE category 3, there are 1237248 soft values foreseen in total [4], which yields for TM3 (two TBs configured) 15466 (=1237248/16/5) values per CB according to Section 5.1.4.1.2 of [3], which is above the full buffer size of 15372 (=3*5120+12). For the actual soft buffer due to CA, there are 7732 (=1237248/32/5) entries available for each carrier according to Section 7.1.8 of [3]. Hence, the code rate of the first transmission in case there is no instantaneous buffer lies around 5120/(7732-320)=~0.67 since with RV0, there are an additional 320 entries lost (there are 160 rows in the subblock interleaver). Given the 10560 received soft values, the values from entries [7732] up to [10560+320] are lost, in total 3148 bits. As demonstrated from Figure 3 in [5], for RV1, bit entries from [4480] up to [15040] are transmitted, however, only entries [4480-7732] can be stored, and there are 7308 values wasted. For RV2, there is finally a wrap-around taking place, [8320] to [3502] are transmitted, only [0-3502] can be stored, 7058 entries wasted. For RV3, there are values [12160] to [7348] transmitted and [0-7348] can be stored and 3212 bits are wasted. So for this case, the retransmissions provide only a SNR gain on a rate 2/3 transmission basically. After three transmissions, the soft buffer has only gained a factor of 2 (Chase combining principle) according to the numbers above.
Figure 3 Instantaneous buffer for CA decoding process
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For UE Cat4 and the TM2 64QAM MCS 23 case, the problem is not really present given the fact that the soft buffer is larger (1827072), and there is only one TB to consider per carrier. Also, the complete first AND second transmission can be stored (rv = 0,0,1,2), which yields a true Chase combining gain.

As conclusion we think 1dB difference on 64QAM case is too small which can be covered by the implementation margin. On the other hand for UE Cat 3 case with 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14 an instinct difference can be seen if the instantaneous buffer is not implemted. So we propose this test scenario to be used to check the implementation of the instantaneous buffer in order to achieve a maximum throughput for UE Category 3. Also for the fraction of the maximum throughput we believe to keep using the test point as 70% is sufficient.
3 Conclusions

In this contribution we provide the simulation results to check the instantaneous buffer based on the agreed simulation assumptions and propose the following test scenario on this issue to be used.
· UE Category 3 with 2Tx+TM3, 20+20MHz, EVA5, 16QAM MCS14 with TP as 70% maximum throughput
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5 Appendix

Proposed link-level simulation assumptions for FDD are provided in Table 4 and 5.

	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 4: Common test parameters
	Parameter
	　Test 1a
	　Test 1b
	Test 2a
	Table 2b

	MIMO configuration
	TM3 (rank 2)
	TM3 (rank 2)
	TM2 (rank 1)
	TM2 (rank 1)

	IMCS
	14 (16QAM)
	14 (16QAM)
	23 (64QAM)
	23 (64QAM)

	
	
	
	
	

	Transport block size
	25456
	25456
	51024
	51024

	Number of transport blocks per CC
	2
	2
	1
	1

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

	Soft buffer implementation

(Note)
	w/ instantaneous buffer
	w/o instantaneous buffer
	w/ instantaneous buffer
	w/o instantaneous buffer


Table 5: Parameters for different test cases
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