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1. Introduction
At the last meeting, the WF and simulation list were approved [1, 2]. In this contribution, we provide our views on remaining issues on PDSCH demodulation requirements.
2. Discussion
2.1	Type A performance requirements (soft combining verification)
In [1], the following is agreed:
	· Requirement with 70% test point and 8 HARQ process for FDD and 16 HARQ process for TDD: (FFS whether needed or not)
· Option 1: No tests
· Option 2 (simulation purpose)
· MCS #19 and rank 2 for FR1, FDD and TDD (7D1S2U) for both 2Rx and 4Rx
· MCS #13 and rank 2 (2Rx) for TDD (DDDSU) FR2
· Other options not excluded
· Interested companies are encourage to bring more analysis with simulation results to further decide the necessity of introducing such test cases in next RAN4 meeting.


As indicated in [3], the motivation to introduce above test cases is i) verification of normal PDSCH demodulation for higher rank/MCS with 16/8 HARQ processes for TDD/FDD, and ii) verification of soft combining for higher rank/MCS. The first motivation is very important to have enough test coverage for higher HARQ processes. The second motivation is also important since the current soft combining verification test is introduced only for low MCS/Rank, i.e. cell-edge environment. In the following, we show the impact of soft combining by link and system level evaluation. In Fig.1, we show the link evaluation results for MCS#13 and rank2 targeting for FR2. Note that channel bandwidth is 10MHz for simulation simplicity.
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Fig. 1. MCS #13/Rank2 with 2Rx in FR2 (assuming 10MHz channel bandwidth)
Here, we compared the following three cases. 

1. Full combining: All retransmitted packets are correctly combined in retransmission case
2. Limited combining:  Only the latest two packets are combined in retransmission case
3. No combining: Any packet is not combined
From the results, we observed that PDSCH performance at 70%ile is degraded in No combining case compared with Full combining case, but it can be kept in Limited combining case. This means that 70% test point can distinguish No combining and others for high rank/MCS. Ideally, PDSCH performance requirement at 30%ile should be introduced to distinguish Full combining and others, i.e. to verify ideal soft combining behaviour. In reality, on the other hand, Limited combining can provide enough system performance as shown in Table 1. The detailed parameters are described in Annex. Considering the balance between performance and required soft buffer size, we propose to introduce 70%ile PDSCH demodulation requirements for higher MCS/Rank.

Table 1. System evaluation result for each combining scenario assuming dense urban@4GHz Macro scenario
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Proposal 1. The following should be agreed as a package.
· Introduce 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
· MCS #13 and rank 4 (4Rx) and MCS #19 and rank 2 (2Rx) for FDD with 8 HARQ process for FR1
· MCS #13 and rank 4 (4Rx) and MCS #19 and rank 2 (2Rx) for TDD (7D1G2U) with 16 HARQ process for FR1
· MCS #13 and rank 2 (2Rx) for TDD (DDDSU) with 16 HARQ process for FR2
· HARQ process for SDR requirements is 8 for TDD and 4 for FDD.

2.2.	ZP CSI-RS configuration
In the last meeting, following agreement was reached regarding test parameters on zero-power (ZP) CSI-RS [3].
Agreements:
· ZP CSI-RS
· Introducing ZP CSI-RS configuration in part of test cases FFS for demod or CSI.

Proposal 2: Apply the following ZP-CSI-RS for UE demodulation requirements. 
	Parameters
	Values

	Row
	4

	First subcarrier index in the PRB used for CSI-RS (k0)
	0

	First OFDM symbol in the PRB used for CSI-RS (l0)
	13

	Number of CSI-RS ports (X)
	4

	CDM Type
	fd-CDM2

	Density (ρ)
	1

	CSI-RS periodicity
	5 slots

	CSI-RS offset
	0


2.3	Rx beam selection and TCI signalling
In the last meeting, following agreements were reached regarding test parameters on TCI state configurations for normal demodulation test [3].
Agreements:
· FFS whether to configure CSI-RS for UE RX beam refinement 
· NZP CSI-RS configuration for BM:
· 2 ports
· 4 resources
· Periodicity 20 ms
· Offset 0
· Repetition ON
· Subcarrier index: 0
· OFDM symbol:
· Resource 1: 8, Resource 2: 9, Resource 3: 10, Resource 4: 11
· Density 1
· CDM2 
Agreements:
· Only one TCI state configured for NR UE performance test cases in Rel-15( [QCL behavior Type A and  TypeD (FR2 only)])
· Detailed parameters FFS

FR2 test is performed with OTA. Hence, it is necessary that UE has a DL reference to perform Rx beam selection. Corresponding TCI should be informed with DCI format 1_1. 
Proposal 3: CSI-RS is configured for UE Rx beam management.
2.4	Dynamic UL/DL determination
RAN1 decided that the UE feature of “Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment” is mandatory without capability signalling (feature 5-1 in [3]). This means that the network assumes that ALL UEs employ this feature, and there is no way to distinguish UE with and without this capability. If RAN4 does not introduce a requirement for dynamic UL/DL determination, then UE is allowed not to employ this feature in the first release. This may not be so serious in the initial NR deployment, but will be serious in future deployment. Operator cannot configure dynamic UL/DL determination if they want to have such deployment in future since some legacy UEs not supporting this feature cannot be connected to the network. Thus, in such band, operator needs to configure UL/DL assignment via RRC/broadcast signalling to save legacy UEs. This seriously restricts future network deployment.
In addition, RAN1 performed system level analysis for dynamic UL/DL determination (called flexible duplexing) and they observed that flexible duplexing can significantly improve UL user throughput. One example in [4] is shown below. Unfortunately, inter-operator and inter-frequency interferences were not considered in this evaluation, but this feature would be still promising in future.
Proposal 4: Use dynamic UL/DL determination for some existing PDSCH demodulation test case(s).

Table A.3.1.2-1: Evaluation results for dense urban (source 1)
	Source 1 (R1-1702836), Dense urban

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
Low load
	Static TDD
	125
	280
	453
	290
	0.99
	16.5
	31
	72.6
	111
	72.7
	0.965
	15.5

	
	Case 1-1
	119
	314
	493
	322
	0.992
	18.3
	77.1
	221
	390
	222
	0.993
	15.8

	
	
	-4.80%
	12.14%
	8.83%
	11.03%
	
	
	148.71%
	204.41%
	251.35%
	205.36%
	
	

	
	Case 1-2
	106
	292
	493
	308
	0.983
	19.6
	77
	221
	399
	225
	0.997
	16.6

	
	
	-15.20%
	4.29%
	8.83%
	6.21%
	
	
	148.39%
	204.41%
	259.46%
	209.49%
	
	

	
	Case 1-3
	94.8
	294
	493
	306
	0.987
	19.5
	79.9
	218
	399
	223
	0.992
	16

	
	
	-24.16%
	5.00%
	8.83%
	5.52%
	
	
	157.74%
	200.28%
	259.46%
	206.74%
	
	

	
	Case 2-1
	119
	326
	524
	336
	0.993
	18.2
	97
	247
	430
	254
	0.992
	14.7

	
	
	-4.80%
	16.43%
	15.67%
	15.86%
	
	
	212.90%
	240.22%
	287.39%
	249.38%
	
	

	
	Case 3-1
	141
	350
	559
	363
	0.99
	16.3
	97.5
	260
	460
	262
	0.995
	13.7

	
	
	12.80%
	25.00%
	23.40%
	25.17%
	
	
	214.52%
	258.13%
	314.41%
	260.39%
	
	

	
	Case 3-2
	141
	365
	569
	370
	0.994
	15.4
	103
	262
	436
	261
	0.996
	12.2

	
	
	12.80%
	30.36%
	25.61%
	27.59%
	
	
	232.26%
	260.88%
	292.79%
	259.01%
	
	

	4:1
Medium load
	Static TDD
	70.1
	197
	442
	217
	0.969
	36
	23.6
	64
	108
	63.4
	0.903
	27.9

	
	Case 1-1
	38.3
	178
	479
	207
	0.939
	48.1
	44.8
	147
	339
	163
	0.977
	41.4

	
	
	-45.36%
	-9.64%
	8.37%
	-4.61%
	
	
	89.83%
	129.69%
	213.89%
	157.10%
	
	

	
	Case 1-2
	38.3
	173
	479
	202
	0.927
	48.8
	30.2
	132
	300
	144
	0.975
	47.6

	
	
	-45.36%
	-12.18%
	8.37%
	-6.91%
	
	
	27.97%
	106.25%
	177.78%
	127.13%
	
	

	
	Case 1-3
	40.3
	179
	486
	211
	0.943
	45.4
	33.9
	129
	311
	145
	0.969
	46

	
	
	-42.51%
	-9.14%
	9.95%
	-2.76%
	
	
	43.64%
	101.56%
	187.96%
	128.71%
	
	

	
	Case 2-1
	47.1
	214
	524
	238
	0.981
	43.2
	46.4
	150
	339
	168
	0.981
	39.6

	
	
	-32.81%
	8.63%
	18.55%
	9.68%
	
	
	96.61%
	134.38%
	213.89%
	164.98%
	
	

	
	Case 3-1
	49.8
	243
	550
	263
	0.958
	38
	55
	181
	386
	195
	0.979
	36.1

	
	
	-28.96%
	23.35%
	24.43%
	21.20%
	
	
	133.05%
	182.81%
	257.41%
	207.57%
	
	

	
	Case 3-2
	54.1
	245
	550
	266
	0.971
	36.8
	52.3
	170
	365
	187
	0.982
	34.8

	
	
	-22.82%
	24.37%
	24.43%
	22.58%
	
	
	121.61%
	165.63%
	237.96%
	194.95%
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):
- Interference mitigation schemes
  - At the transmitter, fixed analog beamforming and SVD precoding is applied.
  - At the receiver, MMSE-IRC receiver is applied.
- Ideal channel estimation
- FTP model 1 with 0.5Mbytes


3. Conclusion
In this contribution, we discuss the remaining issues on PDSCH demodulation requirement. Our proposals are summarized below.
Proposal 1: The following should be agreed as a package.
· Introduce 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
· MCS #13 and rank 4 (4Rx) and MCS #19 and rank 2 (2Rx) for FDD with 8 HARQ process for FR1
· MCS #13 and rank 4 (4Rx) and MCS #19 and rank 2 (2Rx) for TDD (7D1G2U) with 16 HARQ process for FR1
· MCS #13 and rank 2 (2Rx) for TDD (DDDSU) with 16 HARQ process for FR2
· HARQ process for SDR requirements is 8 for TDD and 4 for FDD.

Proposal 2: Apply the following ZP-CSI-RS for UE demodulation requirements. 
	Parameters
	Values

	Row
	4

	First subcarrier index in the PRB used for CSI-RS (k0)
	0

	First OFDM symbol in the PRB used for CSI-RS (l0)
	13

	Number of CSI-RS ports (X)
	4

	CDM Type
	fd-CDM2

	Density (ρ)
	1

	CSI-RS periodicity
	5 slots

	CSI-RS offset
	0


Proposal 3: CSI-RS is configured for UE Rx beam management.
Proposal 4: Use dynamic UL/DL determination for some existing PDSCH demodulation test case(s).
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System evaluation assumption in the section 2.1 (this is based on dense urban scenario in [4])
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Attributes Values or assumptions

Carrier Frequency 4 GHz

Duplex mode

DL only

Bandwidth 10MHz

Subcarrier Spacing 15kHz

Channel Model UMafor Macro only/UMifor Micro onlyin TR 36.873

BS Antenna Configuration (M,N,P,Mg,Ng)=(8,8,2,1,1) (dH,dV)=(0.5,0.8)λ

BS TXRU configuration

(M,N,P,Mg,Ng)=(1,8,2,1,1) 

UE Antenna Configuration (M,N,P,Mg,Ng)=(1,2,2,1,1) dH=0.5λ

BS antenna height

Macro: 25m

Micro: 10m

ISD

Macro-to-macro: 200m

Macro-to-micro: 105m [TR36.897]

Micro-to-micro: 40m

BS Tx power

44dBm

UE antenna height

h

UT

=3(n

fl

-1)+1.5

n

fl

for outdoor UEs: 1

n

fl

for indoor UEs: n

fl

~uniform(1,N

fl

) where N

fl

~uniform(4,8)

UE receiver noise figure

9dB

MIMO mode

SU-MIMO

Scheduling algorithm

Proportional fair 

Codebook

NR Type I codebook

Modulation

Up to 256QAM

UE distribution

80% indoor; 20% outdoor. 10 users per sector for Macro only and 20 users per sector for Micro only

Feedback Interval 5ms

Traffic model FTP model 1 with packet size 0.5Mbytes. 

Traffic load

25%, 50% 

UE receiver

MMSE-IRC with wishartmodel
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Resource utilization Soft combining type

User throughput (Mbps)

Avg. Pain 95%ile Pain 5%ile Pain

25%

Full combining 56.96 - 110.38 - 19.24 -

Limited combining 54.4 -4.5% 107.55 -2.6% 17.4 -9.6%

No combining 44.19 -22.4% 91.18 -17.4% 14.12 -26.6%

50%

Full combining 42.48 - 91.18 - 10.98 -

Limited combining 41.23 -2.9% 87.38 -4.2% 10.65 -3.0%

No combining 30.65 -27.8% 73.58 -19.3% 7.46 -32.1%


