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1 Introduction

In the previous RAN4 meeting WF on simulation assumptions for NR UE PDSCH performance tests was agreed [1]. In this contribution we provide our views on f NR PDSCH UE demodulation performance requirements. 

2 PDSCH demodulation performance requirements

2.1 PDSCH scheduling
The following agreements on PDSCH scheduling were made in [1]:
	· PDSCH mapping type 

· Define requirements for PDSCH Mapping Type A

· FFS whether to define requirements for PDSCH mapping Type B

· PRB bundling

· Baseline: 2 PRB

· Define additional requirements for 4 PRB bundling and WB bundling

· Resource allocation

· Full PRB allocation

· Control symbols assumptions : 

· 2 symbols with full BW allocation for FR1 (baseline)

· 1 symbol with full BW allocation for FR2 (baseline)

· Occupy channel BW as much as possible and start from symbol #0 (baseline)

· Introduce one more requirement with 1 symbol for FR1 FDD with 10MHz and 15kHz SCS (for LTE-NR coexistence scenario)

· Precoding model

· FR1: Random Precoding, per slot , PRB bundling granularity(codebook configuration Single panel Type 1)

· FR2: FFS

· FFS whether to introduce some test cases following PMI report


PDSCH mapping types
Type A PDSCH mapping is more suitable for eMBB use cases and Type B is more suitable for URLLC use cases. As a part of Rel-15 PDSCH requirements RAN4 should cover both PDSCH mapping types. However, taking into account limited timelines for Rel-15 NR performance part we suggest to focus on PDSCH mapping Type A and consider PDSCH tests cases with Type B mapping with lower priority.
Proposal #1:
For Rel-15 consider definition of PDSCH mapping Type A requirements as first priority and PDSCH mapping Type B as second priority.
2.2 HARQ mechanisms
The following agreements on HARQ assumption were made in [1]:
	· FDD

· Option 1: 4

· Option 2: 8

· TDD

· Option 1: less than or equal 16 for all test cases with 70% test point, 16 for all test cases with 30% test point

· Option 2:Different HARQ process for each TDD configuration derived under the following assumption on BS processing delay

· Option 2-1: 4 slots for 15kHz, 7 slots for 30kHz, 8 slots for 60kHz, 12 or 13 slots for 120kHz

· Option 2-2: Same processing delay as UE side (N1)

· Other option is not precluded


FDD

For FDD scenarios we suggest to check maximum acceptable HARQ process number for 2 different cases: 

· Case 1: gNB processing time is roughly same as UE processing time
· Case 2: gNB processing time is 4 slots for 15 kHz, 7 slots for 30 kHz (based on input from other companies from RAN4 AH1807 meeting). 

For the first case, taking into account worst case from UE processing time (capability 1 and existing of additional DMRSs) minimum possible delay between initial transmission and retransmission is ~2 slots for both 15 kHz and 30 kHz SCS. Therefore, 4 HARQ processes are acceptable for Case 1.
For the second case, the minimum possible delay between initial transmission and retransmission is ~5 slots for 15 kHz SCS and ~8 slots for 30 kHz SCS. So, for Case 2, 6 and 10 HARQ processes are acceptable for SCS 15 kHz and 30 kHz respectively. From this analysis we can observe that at least for 15 kHz we have rather small improvement in RTT in comparison to LTE. 
In the previous meeting, 2 options 4 and 8 were captured in agreed WF. 8 HARQ processes are currently assumed for LTE, but we propose to consider more enhanced assumptions and use 4 HARQ processes which is acceptable in case gNB processing time is roughly same as UE processing time.
TDD

For TDD scenarios we also suggest to consider different cases for gNB processing time. In Figure 1, Figure 2, Figure 3 and Figure 4 we provide HARQ timing and process indexing for different scenarios (FR1 15 kHz, FR1 30 kHz, FR2 60 kHz and FR2 120 kHz) and different TDD UL-DL configurations. From this figures we can observe that the following maximum HARQ processes number is required:
· FR1 15 kHz: Case 1 – 6, Case 2 – 10

· FR1 30 kHz

· UL-DL pattern 1: Case 1 – 8, Case 2 – 16

· UL-DL pattern 2: Case 1 – 6, Case 2 – 10

· UL-DL pattern 3: Case 1 – 6, Case 2 – 12

· FR2 60 kHz: Case 1 – 6, Case 2 – 12

· FR2 120 kHz

· UL-DL pattern 1: Case 1 – 8, Case 2 – 16

· UL-DL pattern 2: Case 1 – 6, Case 2 – 16
From our analysis, similar to LTE we can observe that case 2 leads to rather long RTT in comparison with case 1. Therefore, we propose to use Case 1 for calculation of number of HARQ processes and use the following values for TDD PDSCH requirements definition:
· FR1 15 kHz: 6
· FR1 30 kHz: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6, UL-DL pattern 3 – 6
· FR2 60 kHz: 6
· FR2 120 kHz: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6
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	Figure 1. HARQ timing and process indexing for FR1 with 15 kHz
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	Figure 2. HARQ timing and process indexing for FR1 with 30 kHz
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	Figure 3. HARQ timing and process indexing for FR2 with 60 kHz
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	Figure 4. HARQ timing and process indexing for FR2 with 120 kHz


Proposal #2:
For Rel-15 NR PDSCH performance requirements use the following assumptions for Maximum number of HARQ processes
· FDD tests: 4
· TDD tests:

· FR1, 15 kHz SCS: 6
· FR1, 30 kHz SCS: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6, UL-DL pattern 3 – 6
· FR2, 60 kHz SCS: 6
· FR2, 120 kHz SCS: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6
2.3 DMRS structure
The following agreements on RS were made in the previous meeting [1]:
	· DMRS

· Type: Type 1 DMRS

· Length: 

· Option 1: 1 additional DMRS symbol

· Option 2: 2 additional DMRS symbols

· No additional DMRS symbol is not precluded

· 3 additional DMRS symbols is not precluded for high speed scenarios

· FDM between DMRS and data

· Option 1: For layer 1 and layer 2 (baseline)

· Option 2: For layer 1 only

· Option 3: For layer 2 only

· DMRS configuration can be different in each test case


Number of additional DMRS

In this subsection we provide link level analysis to check acceptable number of additional DMRS for different scenarios with various Doppler spread conditions. 
Based on agreed WF on channel model [2] for FR1 requirements the following conditions are considered:

· Low speed:

· TDD 10Hz (3km/h)

· [FDD 5Hz (3km/h)]

· Medium speed: 100Hz (30km/h)

· High Speed: 400Hz (120km/h)

In Figure 5 we illustrate PDSCH performance for scenarios with Rank 1 QPSK and Rank 2 16QAM. It can be observed that that for scenarios with low-medium Doppler spread conditions (5 – 100 Hz) 1 additional DMRSs are sufficient to achieve reasonable PDSCH performance. For high speed conditions (Doppler spread 400 Hz) and high order modulations, 2 or 3 additional DMRSs are required to achieve maximum throughput. 
Therefore, we propose to use 1 additional DMRS for Low (5/10Hz) and Medium (100 Hz) speed scenarios and 2 additional DMRSs for High speed scenarios (400 Hz).
	TDL-A, 30 ns, 5 Hz, QPSK, Rank 1
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	TDL-A, 30 ns, 5 Hz, 16QAM, Rank 2
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	TDL-A, 30 ns, 100 Hz, QPSK, Rank 1
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	TDL-A, 30 ns, 100 Hz, 16QAM, Rank 2
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	TDL-A, 30 ns, 400 Hz, QPSK, Rank 1
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	TDL-A, 30 ns, 400 Hz, 16QAM, Rank 2
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	Figure 5. Impact of number of additional DMRS on PDSCH performance


FDM between DMRS and data

Based on current NR design UE follows the following procedure for PDSCH reception:
	From 38.214 Section 5.1.6.2

“When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the
configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential coscheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS
CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.”

From 38.212 Section 7.3.1.2.2

Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
One Codeword:
Codeword 0 enabled,

Codeword 1 disabled
Value
Number of DMRS CDM group(s) without data
DMRS port(s)
0
1
0
1
1
1
2
1
0,1
3
2
0
4
2
1
5
2
2
6
2
3
7
2
0,1
8
2
2,3
9
2
0-2
10
2
0-3
11
2
0,2
12-15
Reserved
Reserved
From 38.214 Section 4.1

“For downlink DM-RS associated with PDSCH, the UE may assume the ratio of PDSCH EPRE to DM-RS EPRE (1/
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Table 4.1-1: The ratio of PDSCH EPRE to DM-RS EPRE

Number of DM-RS CDM groups without data

DM-RS configuration type 1
DM-RS configuration type 2
1
0 dB
0 dB
2
-3 dB
-3 dB
3
-
-4.77 dB



For scenarios with Type 1 single-symbol DMRS configuration, UE should assume TDM between Data and DMRS only in case networks informs that “Number of DMRS CDM group(s) without data” is equal to 2. Such scenarios are mainly related to MU-MIMO case. Under such conditions UE may assume 3 dB DMRS power boosting in comparison to PDSCH. In Figure 5 we provide link level analysis with comparison of PDSCH performance for scenarios with FDM and TDM between Data and DMRS. From these results we can observe that in TDM case (i.e. 3 dB DMRS boosting) PDSCH performance is negligible better than for FDM case. On the other hand, based on current TBS determination procedure Maximum throughput value is less for TDM case in comparison with FDM case. Therefore, we propose to define Rel-15 PDSCH requirements under typical SU-MIMO conditions for which FDM between Data and DMRS is used for 1 and 2 MIMO layers cases.

	Rank 1, QPSK
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	Rank 1, 256QAM
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	Rank 2, 16QAM
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	Rank 2, 64QAM
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	Figure 5. PDSCH performance comparison for FDM and TDM DMRS cases


Proposal #3:
For Rel-15 PDSCH requirements use the following DMRS configuration as baseline

· 1 additional DMRS for Low (5/10Hz) and Medium (100 Hz) Speed scenarios and 2 additional DMRSs for High (400 Hz) Speed scenarios
· FDM between PDSCH and DMRS for 1 and 2 MIMO layers cases.
2.4 Fixed reference channels

The following agreements on PDSCH FRC were made in [1]:
	· Use QPSK MCS4, 16QAM MCS13 (64QAM table)

· 64QAM and 256QAM FRCs

· Option 1: (baseline)

· 64QAM MCS 24 (64QAM table)

· 256QAM MCS 24 (FR1 only)  (256QAM table)

· Option 2: 

· 64QAM MCS 19 (64QAM table)

· 256QAM MCS 20 (FR1 only) (256QM table)

· Working assumption: Use option 1 subject to check that operating SNR is testable

· Use option 2 if option 1 is not testable

· Assumption in RAN4: Testable SNR for FR1 is up to 24 dB for 64QAM and 30 dB for 256QAM


In our companion paper [3] we provide PDSCH simulation results for multiple scenarios. From this results we can observe that for FR1 tests with 64QAM MCS 24 and 256QAM MCS 24 SNR operating point is testable:
· 256QAM MCS 24, Rank 1, 2x2 antenna configuration – 20.8 dB for FDD, 21.0 dB for TDD
· 64QAM MCS 24, Rank 2, 2x2 antenna configuration – 22.7 dB for FDD, 23.8 dB for TDD
For FR2 in our companion paper [4] we provide more detailed analysis and our view on FRC for mmWave PDSCH requirements.
Proposal #4:
For Rel-15 FR1 PDSCH requirements use MCS24 for 64QAM tests and MCS24 for 256QAM tests
2.5 Performance metric

The following agreements were on PDSCH performance metrics were made in [1]:
	· 70% is default test point
· FFS: 30% for additional test cases where maximum HARQ process is configured


In LTE the most of PDSCH tests are defined for 70% of maximum throughput value and only limited tests are defined for 30% test point. 30% test point is used to verify proper HARQ buffering at the UE side. In our companion paper [5] we provide analysis to show that HARQ buffering also can be tested for 70% test metric. Therefore, we propose to use single test metric (i.e. 70%) for NR PDSCH requirements definition.
Proposal #5:
Use only 70% on maximum throughput as test point for Rel-15 PDSCH requirements definition
2.6 List of test cases for NR PDSCH minimum performance requirements

In tables below we provide our view on NR PDSCH performance requirements.

Table 1. FR1 PDSCH MMSE performance requirements

	Test number
	Antenna configuration
	DMRS configuration
	MCS
	Number of layer
	Channel model

	1
	2Tx 2Rx Low
	Type 1 w/ 2 additional DMRS
	QPSK, MCS4
	1 layer
	TDL-C 300ns, 400Hz

	2
	2Tx 4Rx Low
	
	
	
	

	3
	2Tx 2Rx Low
	Type 1 w/ 1 additional DMRS
	256QAM, MCS24
	1 layer
	TDL-A 30ns, 10Hz

	4
	2Tx 4Rx Low
	
	
	
	

	5
	2Tx 2Rx Low
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	2 layers
	TDL-B 100ns, 100Hz

	6
	2Tx 4Rx Low
	
	
	
	

	7
	2Tx 2Rx Low
	Type 1 w/ 1 additional DMRS
	64QAM, MCS24
	2 layers
	TDL-A 30ns, 10Hz

	8
	2Tx 4Rx Low
	
	
	
	

	9
	4Tx 4Rx Low
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	3 layers
	TDL-A 30ns, 10Hz

	10
	4Tx 4Rx Low
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	4 layers
	TDL-A 30ns, 10Hz


Table 2. FR1 PDSCH R-ML performance requirements

	Test number
	Antenna configuration
	DMRS configuration
	MCS
	Number of layer
	Channel model

	1
	2Tx 2Rx
ULA Medium
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	2 layers
	TDL-A 30ns, 10Hz

	2
	4Tx 4Rx
ULA Medium A
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	3 layers
	TDL-A 30ns, 10Hz


Table 3. FR2 PDSCH MMSE performance requirements

	Test number
	Antenna configuration
	DMRS configuration
	MCS
	Number of layer

	1
	2Tx 2Rx Low
	Type 1 w/ 1 additional DMRS
	QPSK, MCS4
	1 layer

	2
	
	
	64QAM, MCS FFS
	1 layer

	3
	
	
	QPSK, MCS4
	2 layers

	4
	
	
	16QAM, MCS13
	2 layers


Table 4. FR2 PDSCH R-ML performance requirements

	Test number
	Antenna configuration
	DMRS configuration
	MCS
	Number of layer

	1
	2Tx 2Rx
ULA Medium
	Type 1 w/ 1 additional DMRS
	16QAM, MCS13
	2 layers


3 Conclusion

In this contribution we provide views on the NR UE PDSCH performance requirements. In summary we make the following proposals:
Proposal #1:
For Rel-15 consider definition of PDSCH mapping Type A requirements as first priority and PDSCH mapping Type B as second priority.

Proposal #2:
For Rel-15 NR PDSCH performance requirements use the following assumptions for Maximum number of HARQ processes

· FDD tests: 4

· TDD tests:

· FR1, 15 kHz SCS: 6
· FR1, 30 kHz SCS: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6, UL-DL pattern 3 – 6
· FR2, 60 kHz SCS: 6
· FR2, 120 kHz SCS: UL-DL pattern 1 – 8, UL-DL pattern 2 – 6
Proposal #3:
For Rel-15 PDSCH requirements use the following DMRS configuration as baseline

· 1 additional DMRS for Low (5/10Hz) and Medium (100 Hz) Speed scenarios and 2 additional DMRSs for High (400 Hz) Speed scenarios
· FDM between PDSCH and DMRS for 1 and 2 MIMO layers cases.
Proposal #4:
For Rel-15 FR1 PDSCH requirements use MCS24 for 64QAM tests and MCS24 for 256QAM tests

Proposal #5:
Use only 70% on maximum throughput as test point for Rel-15 PDSCH requirements definition
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