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1. Introduction
In RAN4 #72, there were discussions on performance requirements for DL 256QAM. Even though WF in [1] was not agreed due to concern on Tx EVM assumption in performance requirement definition, following PDSCH demodulation test cases were agreed for further evaluation/simulation in online/offline discussion. 
· Introduce PDSCH demodulation test in fading channel for following TMs for both FDD and TDD
· TM4 dual layer
· TM9 single layer
· FFS whether to introduce TM2 PDSCH demodulation test
· FFS whether to introduce sustained data rate test
· Pending on RAN1 decision on UE category supporting 256QAM
· FFS whether 256QAM PMCH demodulation test is introduced
· Pending on RAN1 decision and further study in RAN4
In this contribution, we provide initial simulation results for agreed TMs and our view on test cases that are left as FFS.
2. PDSCH demodulation test
In this section, we provide simulation results for 256QAM forTM2, TM4 dual layer and TM9 single layer. Since it is initial evaluation, we ran simulation for only FDD. Following parameters were swept in the simulation.
· CFI: 1 or 2

· HARQ redundancy version: 0012, 0123

Details for MCS, PRB allocation and propagation channels can be found in [1]. Tx EVM was set to 3% in the simulation. Figure 1, 2 and 3 show simulation results for TM4 dual layer, TM9 single layer and TM2.  From the simulation results, it can be observed that
· For TM4, CINR to achieve peak throughput is higher in EPA5 channel than in EVA5 channel. However, CINR to achieve 70% peak throughput is similar. 

· Comparing HARQ redundancy version 0012 and 0123, PDSCH demodulation performance is better with 0123 especially in retransmission region. At 70% peak throughput, performance difference is less than 1dB for rank 2 case and negligible for rank 1 case. 
· Performance gap between CFI 1 and CFI 2 varies depending on TM. Bigger performance gap is observed in TM9 and rank 1 transmission. 
· CINR to achieve 70% peak throughput is 17dB~25dB depending on TM, rank, MCS and CFI. We would be able to determine test configuration to achieve reasonable test point. 

Based on observation from simulation, we propose following for test set up. 
Proposal 1. Use CFI 1 and HARQ redundancy version 0123 to allow selection of higher MCS in the test.
Proposal 2. For TM4 dual layer test, use MCS 21 in SF 1,2,3,4,6,7,8,9 and MCS 20 in SF 0.

Proposal 3. For TM4 test, select EVA5 channel as propagation channel since EPA channel is used in TM9. 

Proposal 4. For TM9 single layer test, use MCS 24 in SF 0,1,4,6,9 and MCS 23 in SF 2,3,7,8.
Since TM2 and TM4 are both CRS based transmission mode, we don’t see difference in test coverage between TM2 and TM4 test. It would be enough to introduce only TM4 test to verify CRS based demodulation performance. 
Proposal 5. Introduce only TM4 and TM9 test for 256QAM. 
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(a) EPA5L channel
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(b) EVA5L channel
Figure 1. PDSCH demodulation performance for TM4 dual layer
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Figure 2. PDSCH demodulation performance for TM9 single layer
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Figure 3. PDSCH demodulation performance for TM2

3. UE category with 256QAM support
In RAN1 #78, decision was made for UE category to support 256QAM [2]. Table 1 shows revised UE category table from [2]. For category 6, and 7 UE, number of soft channel bits is not changed but maximum TBS sizes are increased to support 256QAM. New category 11 and 12 are introduced to support 256-QAM up to 3x20MHz with 2 layer transmission. Also, category 13 is introduced to support 256QAM up to 5x10MHz with 8 layer transmission. 
Table 1. Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504 (-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504(-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 11
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 13
	3916560
	391656
	47431680
	8

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


First, allowing category 6/7 UE to support 256QAM gives rise to soft buffer management issue for cat 6/7 UE with 3 DL CA. As summarized in table 2, for cat 6/7 UE with 3 DL CA, soft buffer size is significantly smaller than channel bits for 256-QAM. Therefore, UE without proper instantaneous buffer implementation will suffer from performance degradation. 
Proposal 6. RAN4 should consider introduction of soft buffer management test for cat 6/7 UE with 3 DL CA and 256QAM. 

Also, we need to consider sustained data rate test with 256QAM for cat 6/7 and 11/12 UE since

Table 2. Soft buffer vs channel bits for cat 6/7 UE with 3 DL CA

	
	soft bits
	bandwidth
	MCS
	Chanel bits

	cat 6/7
	76128
	20
	256-QAM
	115200

	
	
	
	64-QAM
	86400

	
	
	
	16-QAM
	57600

	
	
	15
	256-QAM
	86400

	
	
	
	64-QAM
	64800

	
	
	
	16-QAM
	43200

	
	
	10
	256-QAM
	57600

	
	
	
	64-QAM
	43200

	
	
	
	16-QAM
	28800


Table 3. FRCs for 256QAM sustained data rate test

	Parameter
	Unit
	Value

	Reference channel
	
	R.31-xx FDD
	R.31-yy FDD
	R.31-zz FDD
	

	Channel bandwidth
	MHz
	20
	15
	10
	

	Allocated resource blocks (Note 8)
	
	Note 7
	Note 11
	Note 6
	

	Allocated subframes per Radio Frame
	
	10
	10
	10
	

	Modulation
	
	256QAM
	256QAM
	256QAM
	

	Coding Rate
	
	
	
	
	

	  For Sub-Frame 1,2,3,4,6,7,8,9,
	
	0.85
	0.86
	0.85
	

	  For Sub-Frame 5
	
	0.86
	0.85
	0.88
	

	  For Sub-Frame 0
	
	0.87
	0.91
	0.90
	

	Information Bit Payload (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	97896
	75376
	48936
	

	  For Sub-Frame 5
	Bits
	93800
	71112
	46888
	

	  For Sub-Frame 0
	Bits
	97896
	75376
	48936
	

	Number of Code Blocks
(Notes 3 and 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13
	9
	6
	

	  For Sub-Frame 5
	Bits
	12
	9
	6
	

	  For Sub-Frame 0
	Bits
	13
	9
	6
	

	Binary Channel Bits (Note 8)
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	115200
	86400
	57600
	

	  For Sub-Frame 5
	Bits
	109440
	80640
	52992
	

	  For Sub-Frame 0
	Bits
	111936
	83136
	54336
	

	Number of layers
	
	2
	2
	2
	

	Max. Throughput averaged over 1 frame (Note 8)
	Mbps
	97.486
	74.950
	48.731
	

	UE Categories
	
	6, 7, 11, 12, 13
	6, 7, 11, 12, 13
	6, 7, 11, 12, 13
	


· Support of 256QAM requires handling of higher PHY/MAC layer throughput

· Demodulation of 256QAM at highest MCS requires lower receiver EVM than 64QAM demodulation. 

Table 3 lists FRC candidates 256QAM sustained data rate test. 

Proposal 7. RAN4 should consider introduction of sustained test for cat 6/7 and 11/12 UE. 

4. Conclusions

In this contribution, we provided simulation results for 256QAM and our view on additional test case based on 256QAM UE category decision. Our proposals are
Proposal 1. Use CFI 1 and HARQ redundancy version 0123 to allow selection of higher MCS in the test.

Proposal 2. For TM4 dual layer test, use MCS 22 in SF 1,2,3,4,6,7,8,9 and MCS 21 in SF 0.

Proposal 3. For TM4 test, select EPA5 channel as propagation channel since EVA channel is used in TM9

Proposal 4. For TM9 single layer test, use MCS 24 in SF 0,1,4,6,9 and MCS 23 in SF 2,3,7,8.

Since TM2 and TM4 are both CRS based transmission mode, we don’t see difference in test coverage between TM2 and TM4 test. It would be enough to introduce only TM4 test to verify CRS based demodulation performance. 
Proposal 5. Introduce only TM4 and TM9 test for 256QAM. 

Proposal 6. RAN4 should consider introduction of soft buffer management test for cat 6/7 UE with 3 DL CA and 256QAM. 

Proposal 7. RAN4 should consider introduction of sustained test for cat 6/7 and 11/12 UE. 
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