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1 Introduction

During RAN4 #71 meetings, UE demodulation performance issue under high doppler environment was raised and discussed. As a result, new SI of performance enhancements for high speed scenario was approved in last RAN plenary [2].
Current existing UE demodulation requirement in RAN4 spec is described in terms of doppler frequency only to make band-agnostic requirement. But anyway, doppler frequency is relying on not UE moving speed but also carrier frequency. For control channel including PDCCH/PCFICH, PHICH, and PBCH, maximum supported doppler in minimum requirement of 36.101 is just up to 70 Hz which means 38 km/h if we consider 2 GHz deployment. For PDSCH channel performance, maximum supported doppler in minimum requirement of 36.101 is up to 300 Hz which means 162 km/h. On the other hands, deployment scenario requiring high UE mobility is coming true. Also, necessity of high carrier frequency band is becoming more important than past, due to the lack of lower frequency band and market trend requiring high data rate. Therefore UE requirement should be needed to be checked which requirements should be updated to guarantee the suitable performance on such scenario.

In this contribution, we provide our views for test scope based on some simulation results for high doppler environments.

2 Discussion about control channel
To evaluate high doppler effect on control channel, we simulate control channel performance under high doppler environment by reusing existing 2 Tx PCFICH/PDCCH and PHICH requirement in TS36.101. Detailed baseline assumptions are presented in Table 1. In addition to test parameter, we considered realistic channel estimator and 6 % EVM for simulation.

Table 1. Evaluation Conditions of PCFICH/PDCCH
	Evaluated
Channel
	Reference
of
TS36.101
	Bandwidth
	Reference Channel
	OCNG Pattern
	Propagation Condition
and doppler
	Antenna configuration and Correlation Matrix
	SNR
(dB)

	PCFICH/
PDCCH
	8.4.1.2.1 (Test 1)
	10 MHz
	R.16 FDD
(4 CCE)
	OP.1 FDD
	EVA

70/200/600/
700/800
	2 x 2 Low
	-0.6

	PHICH
	8.5.1.2.1
(Test 1)
	10 MHz
	R.19
	OP.1 FDD
	
	
	4.4


From Figure 1 to Figure 2, simulation results of PCFICH/PDCCH(Pm-dsg) and PHICH(Pm-an) are presented under different doppler frequencies, respectively.
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Figure 1. PDCCH Pm-dsg performance under different doppler frequencies
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Figure 2. PHICH Pm-an performance under different doppler frequencies
From all simulation results, we can see following observations;

· Observation 1. For PDCCH performance, additional performance degradation at 1 % BLER between EVA70 and others is less than about 2 dB.
· Observation 2. For PHICH performance, additional performance degradation at 1 % BLER between EVA70 and others is less than about 1.2 dB.

· Observation 3. We think that up to 2 dB performance degradation under high doppler environment doesn’t matter since its operating geometry is still quite low and sometimes still marginal if we compare existing requirement point of TS36.101.

· Observation 4. There is no reasonable performance difference among EVA600, EVA700, and EVA800 regardless of target channel type.
Based on above observations, we think that control channel performance under high doppler doesn’t matter if we consider its operating geometry and test cost.
· Proposal 1. We prefer not to introduce new high doppler requirements as control channel requirements in TS36.101 

3 Discussion about PDSCH channel

Existing LTE performance requirements are defined for transmission up to TM10. Under high doppler environment, closed loop MIMO scheme of LTE such as from TM4 to TM10 might not operate well due to its CSI feedback latency. Thus, we need to focus open loop MIMO scheme such as TM2 or TM3 only. Furthermore, degradation due to high doppler frequency mainly effecting on channel estimation is more severe at high geometry. Therefore we prefer only to focus existing TM3 test requiring high geometry to limit the number of test and thus test cost.

· Proposal 2. For PDSCH performance, we prefer only to focus TM3 test requiring high geometry.
We reused existing TM3 PDSCH requirement for EVA200 in section 8.2.1.3.1 of TS36.101 to evaluate performance effect by high doppler. Summarized simulation parameters are shown in Table 2.
Table 2. Simulation parameters for TM3 high doppler test (FDD)
	Parameters
	Unit
	Value

	Channel Bandwidth
	MHz
	10

	Propagation channel
	
	EVA with different doppler frequency

	Antenna configuration and correlation matrix
	
	2x2 Low

	Downlink power allocation
	ρA
	dB
	-3

	
	ρB
	dB
	-3

	
	σ
	dB
	0

	Noc at antenna port
	dBm/15 kHz
	-98

	PDSCH transmission mode
	
	3

	OCNG pattern
	
	OP.1 FDD


In addition to Table 2, we considered realistic channel estimation scheme and 6 % Tx EVM at eNB side.
For the simulation cases, we simulated the following 5 cases which is combination of different doppler frequency and MCS level. Candidate test case as follows
· Reference : EVA200 with MCS20 (Existing TM3 requirement with R.35 FDD)

· Case 1 : EVA600 with MCS20

· Case 2 : EVA600 with MCS19

· Case 3 : EVA700 with MCS19

· Case 4 : EVA700 with MCS18

· Case 5 : EVA800 with MCS19

· Case 6 : EVA800 with MCS18

In Figure 3, normalized PDSCH T-put simulation results of TM3 FRC test are shown for above 7 cases, respectively. Also, target SNR to achieve 70% of maximum T-put are presented in Table 3 based on the simulation results.
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Figure 3. TM3 PDSCH normalized T-put performance
Table 3. TM3 PDSCH target SNR to achieve 70% of maximum T-put for given MCS
	Case
	EVA200

MCS20
	EVA600

MCS20
	EVA600

MCS19
	EVA700

MCS18
	EVA700 MCS19
	EVA800

MCS18
	EVA800
MCS19

	Target SNR
[dB]
	17.92 
	20.01 
	18.21 
	17.04 
	19.01 
	17.90 
	20.39 


From the simulation results, we can see that there exist about 2 dB additional performance loss between EVA200(reference) and EVA600(Case 1) channel with existing R.35 FDD. If we consider an impairment margin, the actual target requirement of R.35 at EVA600 may exceed 22 dB and such high target requirement is undesirable in testability point of view reminding the maximum achievable SNR at UE side with 6% EVM at eNB side is about 24dB without any additional noise. 

One simple way to avoid this is to lower MCS level in high doppler environment as shown in simulation results. In Figure 3 and Table 3, from Case 2, Case 3, Case 4 and Case 5 seem feasible. For actual test requirements, we can select the test case among the following options, if group can agree to consider PDSCH test configuration under high doppler.
· Option 1. Introduce new TM3 FRC test with high doppler based on existing TM3 FRC test 3 such as Test 3A.

· Option 1a. Reuse R.35 FDD/TDD

· Option 1b. Use new FRC with lowered MCS level compared to existing R.35 FRC

· Option 2. Change propagation condition of existing TM3 FRC test 3 from EVA200 to EVA with more higher doppler frequency.

· Option 2a. Reuse R.35 FDD/TDD

· Option 2b. Use new FRC with lowered MCS level compared to existing R.35 FRC

As a UE vender, we think that if option 1 including 1a and 1b is adopted, existing TM3 FRC test 3 under EVA200 is redundant. Also, we think that if option 2a is adopted, actual target requirement may be too high. Therefore we prefer to adopt option 2b as PDSCH test configuration under high doppler condition.

· Proposal 3. If PDSCH performance under high doppler is needed to be verified, we prefer to take option 2b with modified channel and RMC.
· Proposal 4. For actual test requirements, we prefer to take single test case of case 2(EVA600 with MCS19) or case 5(EVA800 with MCS18) as test condition.
4 Conclusion
In this contribution, we provide our views for UE normal demodulation performance under high doppler environment. For control channel requirements, we propose following based on our control channel simulation results,

·  Proposal 1. We prefer not to introduce new high doppler requirements as control channel requirements in TS36.101 
For PDSCH requirements, we propose following based on our PDSCH T-put simulation results, if group can agree to consider PDSCH test configuration under high doppler environment.
· Proposal 2. We prefer only to focus TM3 test requiring high geometry.
· Proposal 3. We prefer to take option 2b which replace existing TM3 test with modified channel and RMC.

· Proposal 4. For actual test requirements, we prefer to take single test case of case 2(EVA600 with MCS19) or case 5(EVA800 with MCS18) as test condition.
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