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1. Introduction
In RAN4#88 meeting, RAN4 as part of the reply LS to RAN5 on pending RAN4-RAN5 RF issues [4] also indicated that the skeleton for 38.101-4 Demod spec has been approved in R4-1811357 [7].

In [5],[6],[8],[9] RAN4 is discussing the Demod and CSI test cases to be included in the spec.

This paper outlines the test cases that RAN5 would like to prioritize to meet the aggressive industry needs for the performance spec. Also highlighted are the key assumptions/way forward that has been agreed for Demod spec.

2. Discussion

Applicability rules for SA, NSA requirements
Outlined in [6]. 

· For single carrier SA/NSA Normal demodulation / CSI reporting performance requirements
· Reuse the test case parameters for NSA/SA requirements
· Define same minimum performance requirements for NSA/SA modes
· For NSA requirements define NR requirements only (i.e. no LTE requirements).
· Use noise-free LTE link for NSA mode
· Note: To be confirmed for FR2
· Additional specific EN-DC requirements can be specified after normal requirements finalized
Observation 1: Same NR performance requirements apply to NSA and SA modes.
Observation2: There will be no LTE requirements defined for NSA mode at this time. EN-DC specific requirements to be defined once normal requirements are finalized
Channel Model assumptions
As outline in [10], following are the current assumptions for NR channel models for FR1 and FR2. 
FR1 Channel model:

Way forward on channel models simplification for FR1
a) Simplification methods

a. Option 1: Choose strongest paths that contribute to [X%] of total power

b. Option 2: Choose N paths for TDL-A and TDL-C using the frequency correlation method

b) Use option 1 and option 2 to generate up to 12 taps after 5 ns quantization for following FR1 models

a. RMS delay spread TDL-A (30 ns)

b. RMS delay spread TDL-B (100 ns)

c. RMS delay spread TDL-C (300 ns)

c) Further study the frequency correlation characteristics of channel models for Option 1 and 2

· e.g. The most suitable model is selected based on the visual inspection of the quantized FCF. The lower the correlation the better, preferably below 0.6 in full frequency range up to 100 MHz

d) Make final model down-selection in RAN4 88bis
Observation 3: For FR1, simplified TDL model to be used. Final selection not yet made

FR2 channel model:

· Option 1
· TDL PDPs can be generated from CDL taking into account Tx/Rx beamforming or existing PDPs in TE 38.901 could be reused 

· Each tap is modelled based on the Jakes Doppler fading model

· Option 2
· This option considers channel model methodology with non-Jakes spectrum. Multi-path fading propagation conditions between the gNB emulator and test chamber probe is modelled as Clustered Delay Line (CDL). 

· Detailed model description is provided in TR 38.810 and TR 38.901

· The model results in Non-Jakes Doppler spectrum

Agreement: TDL models may not necessarily characterize the spatial FR2 propagation conditions for all scenarios.
Confirm Working assumption: Channel Model Option 1 will be used for FR2.
TDL Model

· TDL-A: 30 ns RMS delay spread 

· FFS if additional models are needed

· Option 1: TDL-C: {60-80} ns RMS delay spread 

· Option 2: TDL-D: [10-30] ns RMS delay spread 

· Other models are not precluded

Doppler spread

· Low speed: 75 Hz for simulation assumptions

· High speed: 300 Hz for simulation assumptions
Channel models of simulation alignment

· Model 1: TDL-A: 30 ns 75 Hz for CSI / PDCCH/ PDSCH/ PBCH 

· Model 2: TDL-A: 30 ns 300 Hz for PDCCH/ PDSCH / PBCH

· Note: use channel models without simplifications for simulation alignment in RAN4 88bis

Channel models simplification

· The maximum number of taps: [12]

· 5 ns quantization grid (200MHz sampling frequency)

· Follow same procedure as for FR1 to generate the final channel models

Observation 4: For FR2, TDL based model with each tap modelled based on Jakes doppler modem agreed as the wayforward. Final selection not yet made.

HighSpeed Train Scenarios:
Agreement: Use HST model as described on section B3 TS36.101 for FR1 for initial simulation purposes (max Doppler shift specified in table)

· FFS introduction of new requirements

· This topic will be discussed in agenda for PDSCH demodulation and other related agendas in the next meeting.

Observation 5: For FR1 HST scenarios, use the same model as TS 36.101 for simulations. New requirements are currently FFS.
PDSCH Demodulation Requirements – Phase1
RAN4 agreed via [7] on the following structure and are discussing the PDSCH test cases details in [5].
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For the various test cases listed in [7] interested companies are requested to provide simulations in the coming meetings to agree on the requirements. 

Since there is high pressure from the industry to deliver some part of the Demod spec at the earliest, we suggest to split these cases in 2 phases. 
For section 5.2.2.2 of 38.101-4 demod spec, we propose test cases listed under Table 1a to be part of phase1.

Table 1a: Phase1 List of PDSCH cases for FR1 TDD with 40MHz + 30KHz SCS
	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Phase

	1
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	106
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	1
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	2
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, QPSK MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	3
	40MHz/30kHz
	2Tx 2Rx ULA Low

2Tx 4Rx ULA Low
	Type A, 256QAM MCS 24
	1 Layer
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	Ph1

	4
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	5
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM MCS 19
	2 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	8
	40MHz/30kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	Ph1

	
	
	
	
	
	
	
	R-ML
	
	
	

	10
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM MCS 13
	1 Layer
	106
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	1
	16
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	11
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, [QPSK MCS 4]
	[1 Layer]
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	2
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	

	12
	40MHz/30kHz
	2Tx 2Rx ULA Low
	Type A, [QPSK MCS 4]
	[1 Layer]
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	3
	8
	Ph1

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	
	


Proposal 1: Request RAN4 to finalize the TDD FR1 PDSCH minimum requirements for the test cases listed in Table 1a by RAN4#89 (Nov2018).

For section 7.2.2.2 of 38.101-4 demod spec, we propose test cases listed under Table 1b to be part of phase1.

Table 1b: Phase 1 List of PDSCH cases for FR2 TDD with 100MHz + 120KHz SCS

	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Phase

	1
	100MHz/120kHz
	2Tx 2Rx Low
	Type A, QPSK MCS 4
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	Ph1

	2
	100MHz/120kHz
	2Tx 2Rx Low
	Type A, QPSK MCS 4
	2 Layers
	6 (in the middle of CBW)
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	Ph1

	3
	100MHz/120kHz
	2Tx 2Rx Low
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	8
	Ph1

	4
	100MHz/120kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM MCS 13
	2 Layers
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	2
	10
	Ph1

	
	
	
	
	
	
	
	R-ML
	
	
	

	5
	100MHz/120kHz
	2Tx 2Rx Low
	Type A, 16QAM MCS 13
	1 Layer
	66
	TDL-A 30ns, 300Hz
	MMSE-IRC
	1
	16
	Ph1

	6
	100MHz/120kHz
	2Tx 2Rx Low
	Type A, 64QAM MCS 19
	1 Layer
	66
	TDL-A 30ns, 75Hz
	MMSE-IRC
	1
	8
	Ph1


Proposal 2: Request RAN4 to finalize the TDD FR2 PDSCH minimum requirements for the test cases listed in Table 1b by Ran4#89 (Nov2018).

PDSCH Demodulation Requirements – Phase2

Following are the proposed phase 2 test cases and requesting RAN4 to complete by RAN4#90bis April 2019.

Table 2a:  Phase2 list of PDSCH cases for FR1 FDD with 10MHz + 15KHz SCS

	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	Max number of HARQ process
	Phase

	1
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-B 100ns, 400 Hz
	MMSE-IRC
	[4]
	Ph2

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	2
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	6 (in the middle of CBW)
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	[4]
	Ph2

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	4
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	[4]
	Ph2

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	5
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 64QAM, MCS 19
	2 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	8
	10MHz/15kHz
	2Tx 2Rx ULA Med
	Type A, 16QAM, MCS 13
	2 Layers
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2

	
	
	
	
	
	
	
	R-ML
	
	

	10
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type A, 16QAM, MCS 13
	1 Layer
	52
	TDL-C 300ns, 100 Hz
	MMSE-IRC
	8
	Ph2

	
	
	2Tx 4Rx ULA Low
	
	
	
	
	
	
	

	11
	10MHz/15kHz
	2Tx 2Rx ULA Low
	Type B, QPSK, MCS 2
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2

	12 (LTE-NR test #1)
	10MHz/15kHz
	4Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2

	13 (LTE-NR test #2, baseline)
	10MHz/15kHz
	4Tx 2Rx ULA Low
	Type A, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2

	14 (LTE-NR test #3)
	10MHz/15kHz
	4Tx 2Rx ULA Low
	Type B, QPSK, MCS 4
	1 Layer
	52
	TDL-A 30ns, 10Hz
	MMSE-IRC
	[4]
	Ph2


Table 2b: Phase2 List of PDSCH cases for FR1 TDD with 40MHz + 30KHz SCS

	Case Number
	CHBW/ SCS
	MIMO
	PDSCH type and MCS
	Number of layer
	Number of PDSCH PRBs
	Channel Model
	Receiver
	TDD Configuration
	Max number of HARQ process
	Phase

	6
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	Ph2

	7
	40MHz/30kHz
	4Tx 4Rx ULA Low
	Type A, 16QAM MCS 13
	4 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
	1
	8
	Ph2

	9
	40MHz/30kHz
	4Tx 4RX ULA Med A
	Type A, 16QAM MCS 13
	3 Layers
	106
	TDL-A 30ns, 10Hz
	MMSE-IRC
R-ML
	1
	8
	Ph2


Proposal 3: Request RAN4 to finalize the Phase 2 PDSCH Demod test case requirements by RAN4 #90bis (April2019). 
Sustained Downlink Data Rate (SDR) provided by lower layers

This is a test case which doesn’t require simulation data from various companies and no channel model dependency. Hence can be quickly addressed and can be targeted by Ran4 to completed in RAN4#89 (Nov2018). At the same time is a key test case to be included in the Demod spec which also helps initiate TR37.901 type tests for application layer data Tput for 5G-NR.
Proposal 4:  Request RAN4 to finalize the SDR test case requirements as part of phase1 by RAN4 #89 (Nov2018). 
Proposal 4a:  Request RAN4 to prioritize the TDD SDR aspects first.  

CSI reporting test cases – Phase1
RAN4 agreed via [7] on the following structure and are discussing the CSI reporting test cases details in [8].
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We would like to prioritize the following CSI reporting cases as part of phase1.

Table 4a: Phase1 List of CSI reporting test cases
· Static CQI test cases
· Test 2: FR1 TDD    40MHz&30kHz,   2*2, 2*4
· Test 3: FR2 100MHz& 120kHz, 2*2
· Wideband PMI test cases
· Test 3: FR2  100MHz& 120kHz, 2*2
· RI test
· Test 2: FR1 TDD   40MHz&30kHz, 2*2, 4*4
· Test 3: FR2  100MHz&120kHz, 2*2
Proposal 5: Request RAN4 to finalize the CSI reporting cases in Table 4a as part of phase1 RAN4#89 (Nov2018).
CSI reporting test cases – Phase2

Following are the proposed phase 2 test CSI reporting test cases and requesting RAN4 to complete by RAN4#90bis April 2019.

Table 4b: Phase2 List of CSI reporting test cases
· Static CQI test cases
· Test 1: FR1 FDD   10MHz &15kHz ,  2*2, 2*4
· Wideband fading CQI test cases
· Test 1: FR1 FDD   10MHz &15kHz ,  2*2, 2*4
· Test 2: FR1 TDD    40MHz&30kHz,   2*2, 2*4
· Test 3: FR2 100MHz& 120kHz, 2*2
· 4Tx PMI test cases  (FFS for wideband or sub-band)
· Test 1: FR1 FDD   10MHz &15kHz ,  4*2, 4*4
· Test 2: FR1 TDD    40MHz&30kHz,   4*2, 4*4
· Wideband PMI test cases
· Test 1: FR1 FDD   10MHz &15kHz ,  8*2, 8*4
· Test 2: FR1 TDD    40MHz&30kHz,   8*2, 8*4
· RI test
· Test 1: FR1 FDD   10MHz&15kHz, 2*2,4*4 
Proposal 6: Request RAN4 to finalize the Phase 2 CSI reporting test case requirements by RAN4 #90bis (April2019). 

PDCCH Demodulation Requirements – Phase1
RAN4 agreed via [7] on the following structure and are discussing the CSI reporting test cases details in [9].
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Would like to prioritize and complete the following PDCCH cases as part of phase1 as there is good progress achieved in RAN4 already. 
Table 5a:  Phase1 List of PDCCH test cases 
	Test No.
	SCS(KHz) 
	Format
	CORESET
RB
	Payload
	CORESET time
 duration
	AL
	CCE-to-REG 
Mapping
	REG bundle
 size
	Propagation
condition
	Antenna configuration with 2Rx
	 
Antenna configuration with 4Rx

	1
	15
	1_0
	24
	39
	2
	2
	Non-interleaved
	6
	TDL-A, 30ns, 10Hz
	1x2 Low
	1x4 Low

	2
	15
	1_0
	24
	39
	2
	4
	Non-interleaved
	6
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low

	6
	30
	1_0
	102
	41
	1
	2
	Interleaved
	2 
	TDL-A, 30ns, 10Hz
	1x2 Low
	1x4 Low

	11
	120
	1_1
	[60]
	[51]
	1
	8
	Interleaved
	2
	[TDL-A, 30ns, 75Hz]
	2x2 Low
	NA


Proposal 7: Request RAN4 to finalize the CSI reporting cases in Table 5a as part of phase1 RAN4#89 (Nov2018).
PDCCH Demodulation Requirements – Phase2

Following are the proposed phase 2 test PDCCH Demod test cases and requesting RAN4 to complete by RAN4#90bis April 2019.

Table 5b:  Phase2 List of PDCCH test cases 

	Test No.
	SCS(KHz) 
	Format
	CORESET RB
	Payload
	CORESET time Duration
	AL
	CCE-to-REG mapping
	REG bundle size
	CORESET interleaver
	Propagation condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx
	Phase

	3
	15
	1_1
	24
	[50]
	2
	2
	Non-interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	1x2 Low
	1x4 Low
	Ph2

	4
	15
	1_1
	48
	[50]
	2
	4
	Non-interleaved
	6
	3
	TDL-A, 30ns, 10Hz
	1x2 Low
	1x4 Low
	Ph2

	5
	15
	1_1
	48
	[50]
	2
	8
	Non-interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low
	Ph2

	7
	30
	1_1
	102
	[52]
	1
	4
	Interleaved
	2
	3
	TDL-C, 300ns, 100Hz
	1x2 Low
	1x4 Low
	Ph2

	8
	30
	1_1
	90
	[52]
	1
	8
	Interleaved
	6
	3
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low
	Ph2

	9
	120
	1_0
	[60]
	40 
	1
	2
	Interleaved
	2
	3
	[TDL-A, 30ns, 75Hz]
	1x2 Low
	NA
	Ph2

	10
	120
	1_1
	[60]
	[51]
	1
	4
	Interleaved
	6
	2
	[TDL-A, 30ns, 300Hz]
	1x2 Low
	NA
	Ph2


	Test No.
	SCS(KHz) 
	Format
	CORESET RB
	Payload
	CORESET time duration
	AL
	CCE-to-REG Mapping
	REG bundle size
	 
	Propagation condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx
	Priority

	13
	15
	1_1
	48
	[50]
	1
	[4, 8]
	Non-interleaved
	6
	 
	[TDL-A, 30ns, 10Hz]
	1x2 Low
	2x4 Low
	Ph2


	Test No.
	SCS(KHz) 
	Format
	CORESET RB
	Payload
	CORESET time duration
	AL
	CCE-to-REG mapping
	REG bundle size
	 
	Propagation condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx
	Priority

	14
	15
	1_0
	48
	39
	2
	16
	Non-interleaved
	6
	 
	[TDL-A, 30ns, 10Hz]
	1x2 Low
	1x4 Low
	Ph2

	15
	30
	1_0
	48
	41
	2
	16
	Non-interleaved
	6
	 
	[TDL-C, 300ns, 100Hz]
	1x2 Low
	1x4 Low
	Ph2

	16
	120
	1_0
	[60]
	40 
	2
	16
	Interleaved
	2
	 
	[TDL-A, 30ns, 75Hz]
	2x2 Low
	NA
	Ph2


Proposal 8: Request RAN4 to finalize the Phase 2 PDCCH Demod test case requirements by RAN4 #90bis (April2019). 

3. Proposals
Observation 1: Same NR performance requirements apply to NSA and SA modes.
Observation 2: There will be no LTE requirements defined for NSA mode at this time. EN-DC specific requirements to be defined once normal requirements are finalized.

Observation 3: For FR1, simplified TDL model to be used. Final selection not yet made

Observation 4: For FR2, TDL based model with each tap modelled based on Jakes doppler model agreed as the wayforward. Final selection not yet made.

Observation 5: For FR1 HST scenarios, use the same model as TS 36.101 for simulations. New requirements are currently FFS.
Proposal 1: Request RAN4 to finalize the TDD FR1 PDSCH minimum requirements for the test cases listed in Table 1a by RAN4#89 (Nov2018).

Proposal 2: Request RAN4 to finalize the TDD FR2 PDSCH minimum requirements for the test cases listed in Table 1b by Ran4#89 (Nov2018).

Proposal 3: Request RAN4 to finalize the Phase 2 PDSCH Demod test case requirements by RAN4 #90bis (April2019). 

Proposal 4:  Request RAN4 to finalize the SDR test case requirements as part of phase1 by RAN4 #89 (Nov2018). 
Proposal 4a:  Request RAN4 to prioritize the TDD SDR aspects first.  

Proposal 5: Request RAN4 to finalize the CSI reporting cases in Table 4a as part of phase1 RAN4#89 (Nov2018).
Proposal 6: Request RAN4 to finalize the Phase 2 CSI reporting test case requirements by RAN4 #90bis (April2019). 

Proposal 7: Request RAN4 to finalize the CSI reporting cases in Table 5 as part of phase1 RAN4#89 (Nov2018).
Proposal 8: Request RAN4 to finalize the Phase 2 PDCCH Demod test case requirements by RAN4 #90bis (April2019). 

Proposal AA: Endorse the skeleton provided in the attached xls to be included in the 38.521-4 spec.

Proposal BB: Send a LS to RAN4 providing a list of phase1 and phase2 test cases from RAN5 perspective.
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