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1 Introduction

In this paper we provide simulation results based on the assumptions found in [1]. Based on the results, we propose not to schedule PDSCH transmission in the special slots in the TDD pattern.
2 Simulations

2.1 Test setup
The simulation assumptions from [1].
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2×2; 2×4

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

	TDD pattern
	7D1S2U, S: 6D 4G 4U

	MCS
	MCS 4; MCS 13; MCS 17 based on 64QAM table

	Propagation condition
	TDL-C 300ns

	TRS periodicity
	10ms, 2slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Rank = 1 and 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	600Hz
	1200Hz

	Testing metric
	SNR @70% of maximum throughput


2.2 Analysis of TDD pattern configuration
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Figure 1-1: Example of PDSCH DMRS transmission in the TDD special slot of 6DL:4GP:4UL.
The agreed TDD pattern is one of the cases supposed to be used in the actual network deployment. A DMRS configuration issue occurs in the special slot. Figure 1-1 shows resource allocation in the special slot. Here we have 6 symbols allocated for downlink. Two of which will be used for PDCCH, hence PDSCH mapping starts at symbol 2 and has a duration of 4. As seen in specification TS 38.211 in Table 7.4.1.1.2-3 [2], although we flag that there shall be 2 additional DMRS symbols, neither additional DMRS symbols will be added because these positions are allocated for guard period and UL transmission. This single DMRS symbol will affect the performance of demodulating the special slot when there is significant Maximum Doppler shift that we must consider when testing High Speed Train scenarios. 

Observation 1: In the special slot for the selected TDD pattern, the number of DMRS symbols will be DMRS 1.

Based on this observation, we provide simulations for the given TDD pattern to check if it may have any effect.
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Figure 2‑2: TDD simulations of multi-path fading channel with simulation assumptions
As it can be seen in Figure 2-2, the maximum throughput cannot be reached and it is due to the special slot, where the number of DMRS are reduced. For evaluation purpose, we run a scenario where the special slot PDSCH is turned off. In Figure 2-3 we show the comparable results for the otherwise same setup.
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Figure 2‑3: TDD simulations of multi-path channel where PDSCH in special slot is turned off
Figure 2-3 shows that the maximum throughput is reached. Nevertheless, the degradation of theoretical maximum throughput will be around 5 percent for the different MCS’s if data is transmitted in the special slot for PDSCH. 
Observation 2: The number of DMRS symbols in special slot is not sufficient for the HST scenario.

Proposal 1: For PDSCH with TDD configuration, we shall not schedule data in the special slot in order to achieve maximum throughput.

2.3 Simulation results

Based on these observations and simulations, we simulate FDD according to the simulation assumptions and for TDD only transmitting in the 7 downlink slots. Simulation results shown in Figure 2-4, and 2-5 for FDD, and TDD respectively.
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Figure 2‑4: FDD simulations of Multi-path channel according to simulation assumptions

[image: image5.png]Throughput [Mbps]

100~

%

60

50

40

EY

20

10

—6—2Tx2Ra MCS =4 Rank = 1
|——2Tx2Rx MCS = 13 Rank
|5 2Tx2Ra MCS = 17 Rank = 1
|——2Tx2Ra MCS = 4 Rank = 2.
| 2Tx2Rx MCS = 13 Rank = 2
| 2Tx2Ra MCS = 17 Rank
—7—2Txc4Rx MCS =4 Rank = 1
|—£—2Txc4Rx MCS = 13 Rank = 1
< 2Txc4Rx MCS = 17 Rank = 1
—B—2Tuc4Rx MCS = 4 Rank = 2
| 2Txe4Rx MCS = 13 Rank

| 2TxdRx MCS = 17 Rank =2

TDD 40MHz/30kHz HST Multipath

s 10
SNR [dB]

15

20

2

EY




Figure 2‑5: TDD simulations of Multi-path channel with special slot transmission turned off for PDSCH
There are two simulations that does not reach the maximum throughput within the sweeping interval from -10dB to 30dB SNR, which are 2Tx-2Rx MCS = 13 Rank = 2 and 2Tx-2Rx MCS = 17 Rank = 2, both TDD configuration. It is observed from our simulation result that the single PDSCH DMRS affects the PDSCH demodulation performance under a very high speed scenario. 

3 Results

In Table 3-1, and 3-2 the results are presented for FDD, and TDD respectively.

Table 3‑1 SNR at 70% throughput for FDD test cases

	Test
	Duplex mode

BW / SCS

Max Doppler
	Antennas
	Rank
	MCS
	SNR @ 70% maximum Throughput

	1
	FDD

10MHz / 15kHz

600Hz
	2Tx2Rx
	1
	4
	-2.72

	2
	
	
	
	13
	6.22

	3
	
	
	
	17
	10.05

	4
	
	
	2
	4
	1.66

	5
	
	
	
	13
	13.77

	6
	
	
	
	17
	17.11

	7
	
	2Tx4Rx
	1
	4
	-5.99

	8
	
	
	
	13
	2.70

	9
	
	
	
	17
	6.51

	10
	
	
	2
	4
	-2.41

	11
	
	
	
	13
	7.65

	12
	
	
	
	17
	11.91


Table 3-2 SNR at 70% throughput for TDD test cases
	Test
	Duplex mode

BW / SCS

Max Doppler
	Antennas
	Rank
	MCS
	SNR @ 70% maximum Throughput

	1
	TDD

40MHz / 30kHz

1200Hz
	2Tx2Rx
	1
	4
	-2.27

	2
	
	
	
	13
	7.03

	3
	
	
	
	17
	10.38

	4
	
	
	2
	4
	3.08

	5
	
	
	
	13
	N/A

	6
	
	
	
	17
	N/A

	7
	
	2Tx4Rx
	1
	4
	-5.45

	8
	
	
	
	13
	3.5

	9
	
	
	
	17
	6.76

	10
	
	
	2
	4
	-0.94

	11
	
	
	
	13
	8.77

	12
	
	
	
	17
	12.56


Observation 3: There are two tests that do not achieve maximum throughput, TDD test case 5 and 6 in Table 3-2. 
4 Conclusions

In this contribution we have evaluated HST Multi-path fading demodulation performance and we observe and propose:
Observation 1: In the special slot for the selected TDD pattern, the number of DMRS symbols will be DMRS 1.

Observation 2: The number of DMRS symbols in special slot is not sufficient for the HST scenario.

Observation 3: There are two tests that do not achieve maximum throughput, TDD test case 5 and 6 in Table 3-2. 
Proposal 1: For PDSCH with TDD configuration, we shall not schedule data in the special slot in order to achieve maximum throughput.
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