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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 NR PDSCH UE demodulation performance requirements. 

2 PDSCH demodulation performance requirements

2.1 PDSCH mapping type A

Tests with 16 HARQ processes for TDD and 8 HARQ processes for FDD
The following agreement were made on Normal PDSCH tests [1]:

	· FFS whether to define FR1 and FR2 test case for 70% test point targeting for high rank and high modulation order and 16 HARQ processes for TDD and 8 HARQ processes for FDD


NR system is designed to improve overall system performance on top of LTE. One of the introduced NR feature is tightened requirements on UE receive processing time to allow fast HARQ processing and reduce RTT. Therefore, using of maximum possible value for number of HARQ processes will be most likely applicable for some specific scenarios, for example for cell edge UEs, where we need to take into account propagation delay to ensure correct HARQ processing. However, configuration of high rank and high modulation for such UEs is unpractical. Also, we would like to note that we already agreed to have specific test cases with 16 HARQ processes for TDD and 8 HARQ processes for FDD for scenarios with rather bad commination link quality. Therefore, we propose don’t define test cases with for high rank and high modulation order for scenarios with 16 HARQ processes for TDD and 8 HARQ processes for FDD.
Proposal #1:
Do not define requirements with 70% test point and high rank and high modulation for scenarios with 16 HARQ processes for TDD and 8 HARQ processes for FDD.
PRB bundling configuration
The following agreement were reached on PRB bundling assumptions [2]:
	· PRB bundling

· Baseline: 2 PRB

· Define additional requirements for 4 PRB bundling and WB bundling


We think that large PRB bundling sizes are more applicable for scenarios with low SNR to improve channel estimation quality. Based on current status [3] we have two tests for FR1 with PDSCH mapping type A, QPSK modulation and Rank 1 transmission: 
· FDD

· Test 1: BW 10 MHz, SCS 15 kHz, MCS 4, 1 Layer, Number of PDSCH PRBs 52

· Test 2: BW 10 MHz, SCS 15 kHz, MCS 4, 1 Layer, Number of PDSCH PRBs 6 (in the middle of CBW)

· TDD 

· Test 1: BW 40 MHz, SCS 30 kHz, MCS 4, 1 Layer, Number of PDSCH PRBs 106
· Test 2: BW 40 MHz, SCS 30 kHz, MCS 4, 1 Layer, Number of PDSCH PRBs 6 (in the middle of CBW)
We suggest to configure 4 PRB bundling for Test 1 and WB bundling for Test 2.

Proposal #2:
Configure 4 PRB bundling for the following tests:

· FDD, MCS 4, 1 Layer, Number of PDSCH PRBs 52
· TDD, MCS 4, 1 Layer, Number of PDSCH PRBs 106

Proposal #3:
Configure WB bundling for the following tests:

· FDD, MCS 4, 1 Layer, Number of PDSCH PRBs 6
· TDD, MCS 4, 1 Layer, Number of PDSCH PRBs 6
QPSK Rank 1 test for 4 RX conditions
In our companion paper [4] we provide PDSCH simulation results for test cases agreed in [3]. From these results we can observe that PDSCH test point for scenarios with MCS4 (QPSK) Rank 1 and 4Rx is too low (about -6 dB). Therefore, for these scenarios we suggest to define QPSK requirements for 4 Rx tests with MCS higher than MCS4
In Figure 2 we provide performance requirements for different MCS values for 4 Rx scenarios. From these results we can conclude that MCS8 for such test should be fine.
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	Figure 2. QPSK Rank 1 performance for 4RX tests


Proposal #4:
Change MCS index for QPSK FR1 4Rx requirements from MCS4 to MCS8.

2.2 PDSCH mapping type B

The following agreement were made on introduction of PDSCH Type B requirements [1]:
	· Define at least one test case for PDSCH mapping Type B. Companies are encouraged to bring proposals on the test parameters

· FR1: 

· Option 1: k0 = 0, S=5, L=7 for MCS 2, DMRS type 1 single symbol with one additional DMRS (Position #5, #9)

· Other options are note precluded


MCS for PDSCH mapping type B test

In our companion paper [4] we provide PDSCH simulation results for scenarios with PDSCH mapping type B and MCS2. From these results we can observe that for the 2RX case SNR operating point is rather low (~ -5dB). Therefore, we suggest to use MCS4 for 2RX tests with PDSCH mapping type B. Also, based on analysis for PDSCH type A requirements, we suggest to use MCS8 for 4RX tests.
Number of additional DMRS
In this subsection we provide link level results for scenarios with MCS4, different number of additional DMRS (0 and 1) and different propagation conditions. For analysis we consider the following channel models:
1) Low speed: TDL-A, 30ns, 10Hz

2) Medium speed: TDL-C, 300ns, 100Hz
3) High speed: TDL-B, 100ns, 400Hz

From Figure 3 we can observe that for scenarios with 0 additional DMRS and high speed conditions performance is rather poor and throughput does not achieve maximum value. Also, if we compare PDSCH performance for scenarios with perfect and practical channel estimation (at least for low speed conditions) then we can observe that performance degradation (practical CE vs. perfect CE) is equal to ~3 dB for scenarios with 0 additional DMRS and ~1dB for scenarios with 1 additional DMRS. Therefore, we suggest to configure 1 additional DMRS for PDSCH type B performance requirements to achieve more accurate channel estimation.
	0 additional DMRS
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	1 additional DMRS
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	Figure 3. PDSCH Type B performance for different channel models


Proposal #5:
Define PDSCH Type B performance requirements under following conditions:

· Start symbol (S) 5

· Duration (L) 7

· MCS 4 for 2Rx tests and MCS 8 for 4 Rx tests
· 1 additional DMRS

2.3 LTE-NR coexistence

The following agreement were reached on LTE-NR coexistence tests [2]
	· Introduce one more requirement with 1 symbol for FR1 FDD with 10MHz and 15kHz SCS (for LTE-NR coexistence scenario)


Based on e-mail discussion the following scenarios are considered as options for requirements definition:
· Scenario 1: 

· PDCCH configuration: Start symbol #2, 1 symbol duration

· PDSCH configuration: Mapping type A, Start symbol #3, 11 symbol duration

· DMRS configuration: Type 1, Single symbol, 0 additional DMRS

· CRS configuration: 4 ports, vshift 0

· Scenario 2:

· PDCCH configuration: Start symbol #2, 1 symbol duration

· PDSCH configuration: Mapping type A, Start symbol #3, 9 symbol duration
· DMRS configuration: Type 1, Single symbol, 1 additional DMRS

· CRS configuration: 4 ports, vshift 0

· Scenario 3: 

· PDCCH configuration: Start symbol #2, 1 symbol duration

· PDSCH configuration: Mapping type B, Start symbol #5, 7 symbol duration

· DMRS configuration: Type 1, Single symbol, 0 additional DMRS

· CRS configuration: 4 ports, vshift 0

For LTE-NR coexistence tests we suggest to verify CRS rate matching independently from other features. Therefore, we suggest to consider scenarios with PDSCH type A mapping and don’t mix Type B and CRS rate matching verification, because for Type B we already have dedicated tests. Form scenario 1 and 2 we prefer scenario 2, because for this scenarios we have 1 additional DMRS which allow to achieve rather good channel estimation quality.
Proposal #6:
Use the following test configuration for LTE-NR coexistence requirements definition to verify CRS rate matching functionality:
· PDCCH configuration: Start symbol #2, 1 symbol duration

· PDSCH configuration: Mapping type A, Start symbol #3, 9 symbol duration

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

· CRS configuration: 4 ports, vshift 0

2.4 PDSCH requirements for FR2

64QAM requirements

In our companion paper [5] we provide detailed analysis of 64QAM performance for FR2 scenarios. Based on this paper we propose to define band agnostic requirements at least for Rank1 with MCS 18.
Number of additional DMRS
In the previous meeting it was agreed for FR1 that 1 additional DMRS is configured for low and medium speed scenarios (10 and 100 Hz Doppler) and 2 additional DMRSs are configured for high speed scenarios (400 Hz). Same time, for FR2 it was agreed to consider at least scenarios with 75Hz and 300Hz and there was no discussion on sufficient number of additional DMRSs for scenarios with 300 Hz Doppler. In Figure 4 we provide simulation results for various scenarios (i.e. QPSK Rank 1, 16QAM Rank 1 and 16QAM Rank 2). From these results we can observe that using of 2 additional DMRS does not bring significant improvement in channel estimation accuracy and PDSCH performance. Same time, using of 1 additional DMRS allows to have slightly high maximum throughput. Therefore, we propose to use 1 additional DMRS for FR2 scenarios with 300 Hz Doppler.
	TDD, Pattern 1, CBW 100 MHz, SCS 120 kHz, QPSK, Rank 1, TDL-A 30ns, 300Hz
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	TDD, Pattern 1, CBW 100 MHz, SCS 120 kHz, 16QAM, Rank 2, TDL-A 30ns, 300Hz
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	TDD, Pattern 1, CBW 100 MHz, SCS 120 kHz, 16QAM, Rank 1, TDL-A 30ns, 300Hz
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	Figure 4. FR2 PDSCH performance for scenarios with Doppler 300 Hz


Proposal #7:
Use 1 additional DMRS for FR2 scenarios with Doppler frequency 300 Hz.
2.5 CSI-RS configuration for PDSCH requirements

In real scenarios CSI-RSs are configured for CSI acquisition. Currently, gNB can configure NZP CSI-RS for channel measurements, ZP CSI-RS for interference measurements and NZP CSI-RS for interference measurements, but support of NZP CSI-RS based interference measurements is optional feature. Therefore, we propose to configure only one NZP CSI-RS resource and one CSI-IM resource. In Figure 5 we illustrate mapping of SSB, PDSCH and TRS for PDSCH tests based on the latest agreements. We propose to configure CSI-RS resources for CSI acquisition in slot with SSB to avoid complication in FRC definition. In Figure 6 symbol level allocation of SSB are provided. From these figures we can observe that CSI-RS can be mapped in OFDM symbols #12 and #13.
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	Figure 5. SSB, PDSCH and TRS mapping
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	Figure 6. SSB allocation


Proposal #8:
Use the following configuration of CSI-RS resources for FR1 and FR2 PDSCH demodulation requirements
	
	RRC configuration
	2 Tx test
	4 Tx test

	NZP CSI-RS resource
	periodicityAndOffset
	slots20, 0
	slots20, 0

	
	nrofPorts
	2
	4

	
	frequencyDomainAllocation
	Other, ‘000001’
	Other, ‘000001’

	
	firstOFDMSymbolInTimeDomain
	12
	12

	
	cdm-Type
	2
	2

	
	density
	1
	1

	ZP CSI-RS resource #1
	periodicityAndOffset
	slots20, 0
	slots20, 0

	
	nrofPorts
	2
	4

	
	frequencyDomainAllocation
	Other, ‘000100’ 
	Other, ‘001000’

	
	firstOFDMSymbolInTimeDomain
	12
	12

	
	cdm-Type
	2
	2

	
	density
	1
	1

	ZP CSI-RS resource #2
	periodicityAndOffset
	slots20, 0
	N/A

	
	nrofPorts
	2
	

	
	frequencyDomainAllocation
	Other, ‘001000’
	

	
	firstOFDMSymbolInTimeDomain
	12
	

	
	cdm-Type
	2
	

	
	density
	1
	


We would like to note that in FR2 for beam management network can configure additional CSI-RS resources and we suggest to further discuss if such resources should be configured for FR2 demodulation requirements.

Proposal #9:
Configure CSI-RS for beam management for FR2 PDSCH demodulation requirements. CSI-RS parameters are FFS.

3 Conclusion

In this contribution we provide views on the NR UE PDSCH performance requirements. In summary we make the following proposals:
Proposal #1:
Do not define requirements with 70% test point and high rank and high modulation for scenarios with 16 HARQ processes for TDD and 8 HARQ processes for FDD.
Proposal #2:
Configure 4 PRB bundling for the following tests:

· FDD, MCS 4, 1 Layer, Number of PDSCH PRBs 52

· TDD, MCS 4, 1 Layer, Number of PDSCH PRBs 106

Proposal #3:
Configure WB bundling for the following tests:

· FDD, MCS 4, 1 Layer, Number of PDSCH PRBs 6
· TDD, MCS 4, 1 Layer, Number of PDSCH PRBs 6
Proposal #4:
Change MCS index for QPSK FR1 4Rx requirements from MCS4 to MCS8.

Proposal #5:
Define PDSCH Type B performance requirements under following conditions:

· Start symbol (S) 5

· Duration (L) 7

· MCS 4 for 2Rx tests and MCS 8 for 4 Rx tests
· 1 additional DMRS

Proposal #6:
Use the following test configuration for LTE-NR coexistence requirements definition to verify CRS rate matching functionality:
· PDCCH configuration: Start symbol #2, 1 symbol duration

· PDSCH configuration: Mapping type A, Start symbol #3, 9 symbol duration

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

· CRS configuration: 4 ports, vshift 0

Proposal #7:
Use 1 additional DMRS for FR2 scenarios with Doppler frequency 300 Hz.
Proposal #8:
Use the following configuration of CSI-RS resources for FR1 and FR2 PDSCH demodulation requirements

	
	RRC configuration
	2 Tx test
	4 Tx test

	NZP CSI-RS resource
	periodicityAndOffset
	slots20, 0
	slots20, 0

	
	nrofPorts
	2
	4

	
	frequencyDomainAllocation
	Other, ‘000001’
	Other, ‘000001’

	
	firstOFDMSymbolInTimeDomain
	12
	12

	
	cdm-Type
	2
	2

	
	density
	1
	1

	ZP CSI-RS resource #1
	periodicityAndOffset
	slots20, 0
	slots20, 0

	
	nrofPorts
	2
	4

	
	frequencyDomainAllocation
	Other, ‘000100’ 
	Other, ‘001000’

	
	firstOFDMSymbolInTimeDomain
	12
	12

	
	cdm-Type
	2
	2

	
	density
	1
	1

	ZP CSI-RS resource #2
	periodicityAndOffset
	slots20, 0
	N/A

	
	nrofPorts
	2
	

	
	frequencyDomainAllocation
	Other, ‘001000’
	

	
	firstOFDMSymbolInTimeDomain
	12
	

	
	cdm-Type
	2
	

	
	density
	1
	


Proposal #9:
Configure CSI-RS for beam management for FR2 PDSCH demodulation requirements. CSI-RS parameters are FFS.
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