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1 Introduction

In the previous RAN4 meeting a WF on the finalization NR UE PDSCH performance requirements was agreed [1]. In this contribution we provide our views on the remaining open issues for NR PDSCH UE demodulation performance requirements.
2 PDSCH demodulation performance requirements

2.1 TRS configuration for FR2

In RAN4 #90 meeting the following agreements of TRS configuration were reached [1]:

	· Option 1: No change: Use 2 slots TRS configuration for Rel-15 Normal and SDR requirements
· Option 2: Replace FR2 Test 1-1 with TRS configuration: 20ms with 1 slot and OFDM symbol 6, 10
· Option 2a: 2 additional DMRS 
· Option 2b: 1 additional DMRS


One of the fundamental issues for using single slot TRS transmission is that UE may not be capable to precisely estimate the Doppler spread statistics in this scenario, which may lead to certain performance degradation. In Figure 1 we provide link level analysis (PDSCH throughput) for these three scenarios and two receiver types:

· Receiver #1: Ideal knowledge of Doppler spread and CFO values

· Receiver #2: Practical estimation of Doppler spread and CFO using TRS

	QPSK, Rank 1, 2 Slots TRS pattern
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	QPSK, Rank 1, 1 Slot TRS pattern

	1 additional DMRS
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	2 additional DMRS
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	Figure 1. Comparison analysis for 1 slot and 2 slots TRS.


Observations #1:
· Scenarios with 2 slot TRS pattern - there is a negligible PDSCH performance degradation in case of using practical Doppler spread and CFO estimation comparing to ideal parameters knowledge
· Scenarios with 1 slot TRS pattern -there is a substantial PDSCH performance degradation (~1 dB) in scenarios in case of using practical Doppler spread and CFO estimation comparing to ideal parameters knowledge
Taking into account that 2 slots TRS allows much more accurate estimation of Doppler spread and CFO values, we suggest to define Normal PDSCH requirements under assumption of 2 slots TRS configuration. 
We also note that FR2 REFSENS tests are already defined under assumption of 1 slot TRS configuration and can be used to verify 1 slot TRS based receive processing from the functionality verification perspective. Therefore, not additional test needed.
Proposal #1:
Use 2 slots TRS configuration for Rel-15 Normal PDSCH requirements
2.2 PDSCH requirements for HST scenarios
In RAN4 #90 meeting the following agreements of single tap HST requirements definition were reached [1]:

	· Channel model: Single tap channel model with the following parameters

Parameter
Option 1
Option 2
Ds
300 m
300 m
Dmin
2 m
2 m
v
350 km/h
300 km/h
fd
875 Hz for 15 kHz SCS test and
1167 Hz for 30 kHz SCS test
750 Hz for 15 kHz SCS and 30 kHz SCS tests

· Simulation assumptions:

· Channel bandwidth and SCS: 

· FDD: 10 MHz, SCS 15 kHz

· TDD: 40 MHz, SCS 30 kHz (7D1S2U, S = 6D:4S:4U)

· PDSCH mapping: Type A, Start symbol 2, Duration 12

· DMRS configuration: 

· Option 1: Type 1, Single symbol, 1 additional DMRS

· Option 2: Type 1, Single symbol, 2 additional DMRS

· TRS configuration: 

· Option 1: 10ms, 2 slots, offset 1

· Option 2: 20ms, 2 slots, offset 10

· FRC: 

· Option 1: QPSK Rank 1 (MCS 4)

· Option 2: 16QAM Rank 1 (MCS 13)

· Baseline receiver assumption for frequency offset tracking (for initial simulation purpose only)

· Option1: TRS based on tracking

· Option2: SSB+TRS based on tracking (SSB with 20ms periodicity)


Figure 2 illustrates Doppler shift variation for a single tap channel model with 300 km/h train speed and 2.7 GHz carrier frequency. 
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	Figure 2. Frequency shift variation for Single tap HST model


It can be observed that a single tap HST channel model has two regions: one with constant Doppler shift value and the other one with a fast changing frequency offset from positive to negative values and vice versa (so-called “slope” region). 
The demodulation performance for HST scenario will depend on how efficiently UE can handle fast variation of the frequency offsets in the “slope” regions and will also depend on how often UE can performs the FO estimation. UEs may potentially use different RS for FO tracking purposes. In accordance to the RAN4 #90 discussion either TRS or TRS+SSB FO tracking were considered.  TRS signals have at least 10ms periodicity and hence the FO estimates may not match the instantaneous channel conditions if the FO changes substantially between the 2 consecutive TRS transmissions. In Figure 3 we illustrate the difference between CFO, assumed at the receiver side after TRS based estimation, and actual CFO. 
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	Figure 3. Difference between estimated and actual CFO value.


Observations #2: For the single tap HST channel model difference between actual CFO and CFO, assumed at receiver side in case of TRS based estimation, can reach up to 250 Hz for TRS with 10 ms periodicity and up to 450 Hz for TRS with 20 ms periodicity.

Such mismatch between the real and estimated CFO may have impact on the PDSCH performance. In Figure 4 we provide PDSCH performance for “slope” region (i.e. 0.2 s after 1.7 s for speed 300 km/h and 0.2 s after 1.45 s for speed 350 km/h). The results are provided for scenarios with genie CFO estimation and practical TRS bases CFO estimation.
	FDD, 15 kHz SCS, TRS 10 ms, 1 add DMRS, QPSK
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	FDD, 15 kHz SCS, TRS 10 ms, 1 add DMRS, 16QAM

[image: image10.emf]2 2.5 3 3.5 4 4.5 5 5.5 6

SNR, dB

5

6

7

8

9

10

11

12

13

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

FDD, CBW 10 MHz, SCS 15 kHz, Rank 1, 1 add DMRS, 16QAM (MCS13), 1x2, HST

Speed 300, CFO Perfect

Speed 300, CFO Practical

Speed 350, CFO Perfect

Speed 350, CFO Practical



	FDD, 15 kHz SCS, TRS 10 ms, 2 add DMRS, QPSK
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	FDD, 15 kHz SCS, TRS 10 ms, 2 add DMRS, 16QAM
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	FDD, 15 kHz SCS, TRS 20 ms, 1 add DMRS, QPSK
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	FDD, 15 kHz SCS, TRS 20 ms, 1 add DMRS, 16QAM
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	FDD, 15 kHz SCS, TRS 20 ms, 2 add DMRS, QPSK
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	FDD, 15 kHz SCS, TRS 20 ms, 2 add DMRS, 16QAM
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	Figure 4. PDSCH performance for “slope” region.


Table 1.PDSCH performance degradation for 95%@Max T-put

	Modulation
	Train speed
	10 ms TRS periodicity
	20 ms TRS periodicity

	
	
	1 add DMRS
	2 add DMRS
	1 add DMRS
	2 add DMRS

	QPSK
	300 km/h
	0.1
	0.1
	0.4
	0.3

	
	350 km/h
	0.2
	0.1
	0.8
	0.4

	16QAM
	300 km/h
	0.1
	0.1
	4.0
	0.2

	
	350 km/h
	0.9
	0.1
	Inf
	0.8


Note: Inf means that 95%@Max T-put cannot be reached for considered scenarios in case of practical CFO estimation.

Observations #3:

· The smallest PDSCH performance difference between ideal knowledge and practical estimation of CFO is observed for scenarios with 10 ms TRS periodicity and 2 additional DMRS
· Significant PDSCH performance degradation due to inaccurate TRS based CFO tracking is observed for scenarios with 20 ms TRS periodicity, 1 additional DMRS and 16QAM modulation
Proposal #2:
Define Rel-15 PDSCH requirements under the following assumptions:

· Channel model Doppler shift: 750 Hz for 15 kHz SCS and 30 kHz SCS tests
· DMRS configuration: Type 1, Single symbol, 2 additional DMRS
· TRS configuration: 10ms, 2 slots, offset 1
· FRC: 16QAM Rank 1 (MCS 13)

2.3 TDD requirements for DL/UL pattern {DDDSUU}+{DDDD}

In RAN4 #90 the following agreements on PDSCH requirements with DL/UL pattern {DDDSUU}+{DDDD} were reached [1]:

	· Option 1: No introduce test case(s) for TDD  DL/UL configuration: {DDDSUU}+{DDDD}  under 30kHz in Rel-15

· Option 2: Introduce one additional test case for {DDDSUU}+{DDDD} for PDSCH demodulation in Rel-15


In Figure 6 we provide link level results with comparison of PDSCH performance for TDD pattern 7D1S2U and 3D1S2U4D for several selected scenarios.
	TDD, Pattern 1, CBW 40 MHz, SCS 30 kHz, PDSCH mapping Type A, 256QAM, Rank 1, TDL-A 30 ns, 10 Hz

	2 Rx (5.2.2.2.1, 1-3)
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	4 Rx (5.2.3.2.1, 1-3)
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	TDD, CBW 40 MHz, SCS 30 kHz, PDSCH mapping Type A, 16QAM, Rank 3, TDL-A 30 ns, 10 Hz
	TDD, CBW 40 MHz, SCS 30 kHz, PDSCH mapping Type A, 16QAM, Rank 4, TDL-A 30 ns, 10 Hz

	4 Rx (5.2.3.2.1, 3-1)
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	4 Rx (5.2.3.2.1, 4-1)
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	Figure 5. TDD PDSCH results for 7D1S2U and 3D1S2U4D patterns.


Observations #3:

· PDSCH performance is identical for TDD UL/DL patterns 7D1S2U and 3D1S2U4D
Taking into account that PDSCH performance for UL/DL pattern 3D1S2U4D is identical to PDSCH performance for UL/DL pattern 7D1S2U, we can simply reuse simulation results for one of existing test case defined for 7D1S2U pattern and define test with 3D1S2U4D pattern without extra alignment work. 
Proposal #3:
Define one additional test case with 3D1S2U4D pattern for Rel-15 PDSCH requirements.
2.4 PT-RS power offset configuration

In the previous RAN4 meeting, there was discussion about assumptions on PT-RS power offset configuration. Different companies use different assumptions for scenarios with Rank 2 transmission. At current stage the following PT-RS power offset configurations are possible based on Section 4.1 in TS 38.214 
	When the UE is scheduled with a PT-RS port associated with the PDSCH, 

-
if the UE is configured with the higher layer parameter epre-Ratio, the ratio of PT-RS EPRE to PDSCH EPRE per layer per RE for PT-RS port (
[image: image21.wmf]PTRS

r

) is given by Table 4.1-2 according to the epre-Ratio, the PT-RS scaling factor 
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specified in subclause 7.4.1.2.2 of [4, TS 38.211] is given by
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-
otherwise, the UE shall assume epre-Ratio is set to state '0' in Table 4.1-2 if not configured.

Table 4.1-2: PT-RS EPRE to PDSCH EPRE per layer per RE (
[image: image24.wmf]PTRS
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) 
epre-Ratio
The number of PDSCH layers
1
2
3
4
5
6
0
0
3
4.77
6
7
7.78
1
0
0
0
0
0
0
2

reserved
3

reserved



In Figure 6 we provide PDSCH simulation results for selected Rank 2 scenarios with different PT-RS power ratio. For this analysis we assume only EVM modelling (6%) at the transmitter side and explicit phase noise modelling at the receiver side.
	TDD, Pattern 2, CBW 100 MHz, SCS 120 kHz, QPSK, Rank 2, TDL-A 30ns, 75Hz (7.2.2.2.1, 2-1)
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	TDD, Pattern 1, CBW 100 MHz, SCS 120 kHz, 16QAM, Rank 2, TDL-A 30 ns, 300Hz (7.2.2.2.1, 2-2)
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	TDD, Pattern 2, CBW 50 MHz, SCS 60 kHz, 16QAM, Rank 2, TDL-A 30 ns, 75Hz (7.2.2.2.1, 2-5)
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	TDD, Pattern 2, CBW 100 MHz, SCS 120 kHz, 16QAM, Rank 2, TDL-A 30 ns, 75Hz (7.2.2.2.1, 3-1)
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	Figure 6. PDSCH performance for scenarios with epre-Ratio = 0 and epre-Ratio = 1.


Observations #4:

· PDSCH performance is same for PT-RS epre-Ratio = 0 and PT-RS epre-Ratio = 1.
Taking into account that PDSCH performance is same for different PT-RS power ratio settings, we can use existing alignment results for Rank 2 FR2 PDSCH requirements definition even if different companies assume different PT-RS power ratio settings.

Based on TS 38.214, epre-Ratio equal to 0 is default PT-RS power setting. Also, such setting is more practical to SU-MIMO scenarios to setup equal average per RE power for different resources (DMRS, PDSCH etc). Therefore, we suggest to use PT-RS epre-Ratio equal to 0 for Rel-15 FR2 PDSCH requirements.
Proposal #4:
Use PT-RS epre-Ratio = 0 for Rel-15 FR2 PDSCH requirements.
3 Conclusion

In this contribution we provide views on the NR UE PDSCH performance requirements. In summary we make the following proposals:
Proposal #1:
Use 2 slots TRS configuration for Rel-15 Normal and SDR requirements

Proposal #2:
Define Rel-15 PDSCH requirements under the following assumptions:

· Channel model Doppler shift: 750 Hz for 15 kHz SCS and 30 kHz SCS tests
· DMRS configuration: Type 1, Single symbol, 2 additional DMRS
· TRS configuration: 10ms, 2 slots, offset 1
· FRC: 16QAM Rank 1 (MCS 13)

Proposal #3:
Define one additional test case with 3D1S2U4D pattern for Rel-15 PDSCH requirements.
Proposal #4:
Use PT-RS epre-Ratio = 0 for Rel-15 FR2 PDSCH requirements.
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