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1 Introduction
In the RAN4 meeting #72, the way forward on demodulation performance requirements for the high speed scenario was agreed [1]. Unfortunately, in the RAN4 meeting #72bis, no further agreement was reached. This contribution re-submits the simulation results for EVA600 provided in [3], and further discuss how to specify the demodulation performance requirements for high speed scenario.
2 Agreements and simulation assumptions 
The agreements and simulation assumptions are given in [1] as follows

· Background
· Based on the evaluation of PDCCH performance in [2], it was confirmed that
· PDCCH performance of some chipset degrades in EVA600 scenario.
· Especially, when the aggregation level is lower, the larger numbers of poor performance UEs were observed. And thus the PDCCH performances of some chipsets are not guaranteed in a very low aggregation level.

· In addition to the degradation of PDSCH performance found at last RAN4#71 meeting, it can be concluded that both PDSCH and PDCCH performance of some chipset degrades seriously in EVA600 case.

· Given the fact that there were two channels degraded according to the investigation, the same situation may also happen in other channels such as PHICH, PCFICH and PBCH

· Way forward

· We encourage companies to further investigate PHICH, PCFICH and PBCH performance with EVA600 scenario.

· Evaluation of PCFICH, PHICH and PBCH can be considered based on test cases in Table 1, Table 2, and Table 3, respectively.

· Other scenarios are not excluded. 

· For the comparison, propagation condition can be appropriately replaced by EVA70, EVA200, etc., while it can be reused for the other parameters.
3 Simulation assumptions 

3.1 PDSCH
The simulation assumptions for PDSCH performance under EVA600 are given in Table 1, Table 2, and Table 3. The other simulation assumptions are the same as those in TS36.101. And the simulation results under EVA70 should be provided for comparison.
Table 1: Test Parameters for Large Delay CDD (FRC) (Table 8.2.1.3.1-1 in TS36.101)

	Parameter
	Unit
	Test 1-4

	Downlink power allocation
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Note 2:
Void.

Note 3:
Void.


Table 2: Minimum performance Large Delay CDD (FRC) (Table 8.2.1.3.1-2 in TS36.101)
	Test num
	Bandwidth
	Reference channel
	OCNG pattern
	Propagation condition
	Correlation matrix and antenna config.
	Reference value
	UE category

	
	
	
	
	
	
	Fraction of maximum

Throughput (%)
	SNR (dB)
	

	3
	10 MHz
	R.35 FDD
	OP.1 FDD
	EVA600
EVA70
	2x2 Low
	70
	TBD
	≥2

	Note 1:
Void.

Note 2:
Test 1 may not be executed for UE-s for which Test 1 or 2 in Table 8.2A.1.3.1-2 is applicable.

Note 3:
Test case applicability is defined in 8.1.2.1.


Table 3: Fixed Reference Channel two antenna ports (Table A.3.3.2.1-1 in TS36.101)
	Parameter
	Unit
	Value

	Reference channel
	
	R.10 FDD
	R.11 FDD
	R.11-1 FDD
	R.11-2 FDD
	R.11-3 FDD Note 5
	R.11-4 FDD
	R.30 FDD
	R.30-1 FDD
	R.35-1 FDD
	R.35 FDD
	R.35-2 FDD
	R.35-3 FDD

	Channel bandwidth
	MHz
	10
	10
	10
	5
	10
	10
	20
	15
	20
	10
	15
	10

	Allocated resource blocks (Note 4)
	
	50
	50
	50
	25
	40
	50
	100
	75
	100
	50
	75
	50

	Allocated subframes per Radio Frame
	
	9
	9
	9
	9
	9
	9
	9
	8
	8
	9
	8
	8

	Modulation
	
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	QPSK
	16QAM
	16QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	0.39
	1/2
	0.39
	0.39

	Information Bit Payload (Note 4)
	
	
	
	
	
	
	
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	4392
	12960
	12960
	5736
	10296
	6968
	25456
	19080
	30576
	19848
	22920
	15264

	For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	For Sub-Frame 0
	Bits
	4392
	12960
	N/A
	4968
	10296
	6968
	25456
	N/A
	N/A
	18336
	N/A
	N/A

	Number of Code Blocks 
(Notes 3 and 4)
	
	
	
	
	
	
	
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	1
	3
	3
	1
	2
	2
	5
	4
	5
	4
	4
	3

	For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	For Sub-Frame 0
	Bits
	1
	3
	N/A
	1
	2
	2
	5
	N/A
	N/A
	3
	N/A
	N/A

	Binary Channel Bits (Note 4)
	
	
	
	
	
	
	
	
	
	
	
	
	

	For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	13200
	26400
	26400
	12000
	21120
	13200
	52800
	39600
	79200
	39600
	59400
	39600

	For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	For Sub-Frame 0
	Bits
	12384
	24768
	N/A
	10368
	19488
	12384
	51168
	N/A
	N/A
	37152
	N/A
	N/A

	Max. Throughput averaged over 1 frame (Note 4)
	Mbps
	3.953
	11.664
	10.368
	5.086
	9.266
	6.271
	22.910
	15.264
	24.461
	17.712
	18.336
	12.211

	UE Category
	
	≥ 1
	≥ 2
	≥ 2
	≥ 1
	≥ 1
	≥ 1
	≥ 2
	≥ 2
	4
	≥ 2
	≥ 2
	≥ 2

	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.
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
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 4: 
Given per component carrier per codeword.

Note 5:
For R.11-3 resource blocks of RB6–RB45 are allocated.


3.2 PCFICH/PDCCH
The test cases and simulation assumptions are provided in Table 4. And the other test parameters are the same as in 36.101. And the simulation results under EVA70 should be provided for comparison.
Table 4: Test cases and simulation assumptions for PCFICH/PDCCH
	Test number
	Bandwidth
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and Correlation Matrix
	Reference BLER (%)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	EVA600
EVA70
	1x2 Low
	1

	2
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	EVA600
EVA70
	2 x 2 Low
	1

	3
	5 MHz
	2 CCE
	R.17 FDD
	OP.1 FDD
	EVA600
EVA70
	4 x 2 Medium
	1


3.3 PHICH
The test cases and simulation assumptions are provided in Table 5. And the other test parameters are the same as in 36.101. And the simulation results under EVA70 should be provided for comparison.
Table 5: Test cases and simulation assumptions for PHICH
	Test number
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and Correlation Matrix
	Reference BLER (%)

	1
	10 MHz
	R.18
	OP.1 FDD
	EVA600
EVA70
	1 x 2 Low
	1

	3
	10 MHz
	R.19
	OP.1 FDD
	EVA600
EVA70
	2 x 2 Low
	1

	5
	5 MHz
	R.20
	OP.1 FDD
	EVA600
EVA70
	4 x 2 Medium
	1


3.4 PBCH
The test cases and simulation assumptions are provided in Table 6. And the other test parameters are the same as in 36.101. And the simulation results under EVA70 should be provided for comparison.
Table 6: Test cases and simulation assumptions for PBCH
	Test number
	Bandwidth
	Reference Channel
	Propagation Condition
	Antenna configuration and Correlation Matrix
	Reference BLER (%)

	1
	1.4 MHz
	R.21
	EVA600
EVA70
	1 x 2 Low
	1

	2
	1.4 MHz
	R.22
	EVA600
EVA70
	2 x 2 Low
	1

	3
	1.4 MHz
	R.23
	EVA600
EVA70
	4 x 2 Medium
	1


4 Simulation results
In Figure 1, we provide the PDSCH simulation results for EVA600. And the other parameters specified for EVA200 test cases except for channel model are reused. In Figure 2~4, we provide the PCFICH/PDCCH simulation results for EVA600. In Figure 5, we provide the PHICH simulation results. In Figure 6, we provide the simulation results for PBCH.

It is observed that 
· For PDSCH, 3dB performance loss can be found comparing EVA600 performance with EVA70 performance;

· For PCFICH/PDCCH, 0.2dB~1.5dB performance loss can be found comparing EVA600 performance with EVA70 performance. The largest performance loss can be found for 8CCE case with 1x2 antenna configuration;

· For PCFICH only, 1~1.6dB performance loss can be found comparing EVA600 performance with EVA70 performance. The largest performance loss can be found for the case with 1x2 antenna configuration;
· For PHICH, 1~1.5dB performance loss can be found comparing EVA600 performance with EVA70 performance. The largest performance loss can be found for the case with 1x2 antenna configuration;

· For PBCH, 0.6~1dB performance loss can be found comparing EVA600 performance with EVA70 performance.

In sum, it seems that for control channel the transmit diversity gain could mitigate the negative impact of high Doppler shift. Given that the noticeable performance loss could be found and the improper channel estimation and noise estimation could lead the significant performance degradation as we discussed before, we proposed to define EVA600 requirements to guarantee the UE performance.
· Proposal 1: we propose to introduce EVA600 test in Rel-12.
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Figure 1 PDSCH simualtion results
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(b)

Figure 2: Simulation results for PDCCH and PCFICH with 8CCE, (a) PCFICH/PDCCH, (b) PCFICH
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(b)
Figure 3: Simulation results for PDCCH and PCFICH with 4CCE, (a) PCFICH/PDCCH, (b) PCFICH
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(b)

Figure 4: Simulation results for PDCCH and PCFICH with 2CCE, (a) PCFICH/PDCCH, (b) PCFICH
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Figure 5: Simualtion results for PHICH
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Figure 6: Simualtion resutls for PBCH
5 Discussion
5.1 Enhancement of the existing demodulation performance requirements
We have discussed adding the new requirements for high speed scenario for a long time. The motivation behind is firstly higher frequency bands will be deployed to provide the service along the freeway or in the high speed train scenarios and secondly the velocity of user increased, e.g., the velocity of high speed train is even higher than 350km/h.
After triggered by operators’ requirement, we firstly add EVA200 test, and then ETU300 and now we discuss whether to add EVA600 test and in [4] EVA1000 performance was evaluated and compared to EVA600. The current issue is whether we should replace the existing requirements by the new one or introduce the additional requirements.
In our view, we should make a systematic study on the performance requirements to be introduced instead of adding them one by one, which would cause the duplication of tests.
· Proposal 2: In the future release, we prefer to have a systematic study on the new performance requirements instead of introducing the requirements one by one.
Given the new proposal in [5], we prefer to have study in that SID.

The other issues that we want to discuss is that in the high speed scenario such as the freeway and high speed train the signal quality is usually good and high order MCS could be used. And currently the data service with long delay tolerance other than the voice service appeals to operators and the high averaging downlink and uplink throughput are required.
· Proposal 3: in high speed scenario, the higher order MCS other than QPSK should be considered.
5.2 New scenarios
In the existing specification, the NLOS channel model like ETU300 or EVA600 and the single tap high speed train channel model with the time-variant Doppler shift are defined. But in practical network, some advanced techniques for deployment are used as given in [5]. One of them could be called as the “SFN” scenario, where a number of transmitter point (TP for short) are connected to the same BBU and shared the same cell ID. In that way, the interval between handovers can be prolonged and the successful handover rate can be increased. And the throughput loss due to handover failure can be mitigated. 
Figure 1 shows the SFN scenario. Since a certain distance between two adjacent trains must be kept for safety reason, usually there are at most two trains within a “SFN” cell. So the network can utilize all the TPs within one “SFN” cell to transmit the same data to one user.
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(a) SFN deployment
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(b) All TPs transmitting the same data to one user under SFN deployment

Figure 1: SFN scenario for high speed train network
One possible issue is the downlink performance of UE could not be guaranteed when the UE is located in-between the two TPs, where the signal from one TP is with +fD while the signal from the other TP is with –fD. And the value fD may be time-variant. So the performance of UE under such scenario should be studied. And if needed the corresponding performance requirements for UE should be specified.
· Proposal 4: For the study of the performance under high speed scenario, the new scenario which exists in the practical network should be taken into account.
6 Conclusions

In this paper, we provide the simulation results for high Doppler EVA600 scenario. The most significant performance loss can be found for PDSCH performance. And we also discuss how to study the performance under the high speed scenario. Below we summarize our proposals:
· Proposal 1: we propose to introduce EVA600 test in Rel-12.

· Proposal 2: In the future release, we prefer to have a systematic study on the new performance requirements instead of introducing the requirements one by one.
· Proposal 3: in high speed scenario, the higher order MCS other than QPSK should be considered.
· Proposal 4: For the study of the performance under high speed scenario, the new scenario which exists in the practical network should be taken into account.
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