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1. Introduction

In the last meeting, demodulation requirement for Carrier Aggregation soft buffer limitation issue was discussed [1]. The main purpose to specify this requirement is to check whether UE have instantaneous buffer. It was discussed that 20MHz + 20MHz scenario is suitable for the test, since more bits are transmitted from the base station and larger performance difference can be observed for instantaneous buffer. According to this discussion, simulation assumptions were agreed in [2]. In this contribution, we show our simulation results based on the scenario in [2].

2. Simulation assumptions

Simulation assumptions for this contribution are shown in Tables 1 and 2. We assume the same conditions described in [2]. 

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 different test cases
	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


Note:

1. The default test point to measure the performance gap between different soft buffer implementations is at [70]% of the maximal throughput.

2. When UE does not have an instantaneous buffer, the received soft bits that cannot be saved in the soft buffer are discarded before decoding.
3. Simulation results
Simulation results with and without instantaneous buffer are shown in figures 1 to 4. Table 3 summarizes the parameters which will affect the performance difference between with and without instantaneous buffer.
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Figure 1  Simulation results for category 3 test 1(TM 3, 2 layers)
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Figure 2  Simulation results for category 3 test 2 (TM 2, 1 layer)
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Figure 3  Simulation results for category 4 test 1 (TM3, 2 layers)
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Figure 4  Simulation results for category 4 test 2 (TM 2, 1 layer)
Table 3: The parameters per transport block which will affect the performance difference
	
	Coded bit size
	Transmitter buffer size
	Physical channel bit
	Receiver soft buffer size

	Category 3, TM3(rank2)
	77280
(25456+24*6+4*5+28*5)*3)
	77280
(< 38446*2)
	52800

(13200*4)
	38664

(1237248/2/8/2)

	Category 3, TM2(rank1)
	154656
(51024+24*10+4*9+28*9)*3)
	154656 (=77328*2)
	79200

(13200*6)
	77328

(1237248/2/8)

	Category 4, TM3(rank2)
	77280
(25456+24*6+4*5+28*5)*3)
	77280
(< 57096*2)
	52800

(13200*4)
	57096

(1827072/2/8/2)

	Category 4, TM2(rank1)
	154656
(51024+24*10+4*9+28*9)*3)
	154656

(< 114192*2)
	79200

(13200*6)
	114192

(1827072/2/8)


 Note :  24 is the number of CRC bit.

                  4 is the number of termination bit of the turbo encoder.

28 is the number of dummy bit to align a multiple of 32 bit at each sub-block interleaver.
There are 2 reasons why the performance without instantaneous buffer is worse than that of with instantaneous buffer. 
1. Physical channel bit is larger than receiver soft buffer size.

2. Transmitter buffer size (including the data for the retransmission) is larger than receiver soft buffer size.

For reason 1, there is performance difference even for the first transmission. This reason is applied to only category 3 case within the scenario in table 2, since there is enough soft buffer size for category 4. Therefore, there is performance difference at the 70% throughput region in figures 1 and 2, while there is no difference in figures 3 and 4 at 70% throughput. For Category3 TM3 (rank2) cases, physical channel bit is much larger than soft buffer size, so the performance difference between with and without instantaneous buffer is large in figure 1. On the other hand, physical channel bit is quite close to the soft buffer size for Category3 TM2 (rank1), so the performance difference is small in figure 2. Therefore, it seems that TM3 is more suitable for the test cases for category 3 UE. For category 4 UE, if similar performance difference is necessary as category 3, 64QAM and rank2 case should be used. In this case, more physical channel bit are available than receiver soft buffer size. For example the following parameters in table 4 can be applicable to the category 4 test cases.

Table 4: Proposed parameters for category 4 UE
	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}


For reason 2, performance difference can be observed at the retransmission. Category 4 case is also applied to this reason in addition to Category 3 case. Therefore performance difference between with and without instantaneous buffer at lower throughput region can be observed in every figure (figures 1-4). As explained above, it is impossible for Category 4 UE to use 70% throughput as requirement criteria with current assumptions, so using 30% throughput can be considered instead. In this case, TM3 (rank2) is more suitable scenario, since there is more performance difference (about 2dB) between with and without instantaneous buffer as shown in figure 3. 
4. Conclusion

Simulation results for Carrier Aggregation demodulation performance for buffer limitation case have been presented. From the results, it is observed that TM3 (rank2) scenario for category 3 UE is suitable for the test, since the performance between with and without instantaneous buffer is different enough. For category 4 UE, there is no performance difference at 70% throughput for current assumptions. In order to have the test meaningful, one option is to change the test parameters as shown in table 4 so that 64QAM and 2 layers are used. The other option is to use 30% throughput as requirement criteria with current assumptions for TM3 (rank2) shown in table 2.
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