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1.  Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN plenary RAN#98 meeting, the WID [1] for Rel-18 NR MIMO evolution for downlink and uplink has been approved. RAN4 work plan for this topic including RF, RRM and performance part was endorsed in [2]. In RAN4#108bis meeting, initial discussion on UE demodulation performance and CSI reporting parts started and overall work scope endorsed [3]. In RAN4#109 meeting, there are some agreements on general scope, initial simulation assumptions for the feasibility study of Type II Doppler, Type II CJT codebooks and Rel-18 DMRS [4]. In last RAN4#110 meeting, further discussion and agreements are achieved [5]. In this contribution, we provide our simulation results and observations on Type II Doppler, Type II CJT codebooks and Rel-18 DMRS separately.
2. TypeII-Doppler-r18
For the TypeII-Doppler-r18 codebook introduced in Rel-18, which is UE-side prediction, UE predicts the channel at furture time slots based on past CSI-RS measurements and reports the future PMIs calculated from the predicted channel. Simulation cases in this section are based on Figure 2-1 in which CSI request periodicity is 8ms.
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Figure 2-1 CSI configuration for TypeII-Doppler-r18 simulation

In order to align the understanding of the CSI configuration for TypeII-Doppler-r18 in Figure 2-1, the scheduling of CSI-RS, PMI reporting, PDSCH transmission are described in Figure 2-2.
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Figure 2-2 scheduling of simulation assumptions for TypeII-Doppler-r18 simulation

2.1 Simulation assumptions
For the further simulation assumptions of feasibility study, we get some agreements in RAN4#109 and RAN4#110 meetings, these agreements are summarized into below Table 2-1.
Table 2-1. Simulation assumptions of TypeII-Doppler-r18
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Duplex Mode
	
	FDD

	Propagation channel
	
	TDLA30-20
TDLA30-30
TDLA30-40

	Antenna configuration
	
	XP Medium 16 x 2
XP Medium 16 x 4
(N1,N2) = (4,2)

	Beamforming Model
	
	As specified in Annex B.4.1

	ZP CSI-RS configuration
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	
	Row 5, (4,-)

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(9,-)

	
	CSI-RS interval and offset
	slot
	Not configured

	
	ZP CSI-RS trigger
	
	1 in slots i, where mod(i, 8) = 1, otherwise it is equal to 0

	NZP CSI-RS for CSI acquisition
	CSI-RS resource Type
	
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	16

	
	CDM Type
	
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1, k2, k3)
	
	Row 12, (2, 4, 6, 8) 

	
	First OFDM symbol in the PRB used for CSI-RS (l0, l1)
	
	(5, -)

	
	CSI-RS interval and offset
	slot
	Not configured

	
	aperiodicTriggeringOffset
	
	0

	
	number of NZP CSI-RS resources (K)
	
	4

	
	separation between two consecutive CSI-RS resources
	
	2

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping (kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig interval and offset
	slot
	Not configured

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator  
	
	Not configured

	Sub-band Size
	RB
	4

	csi-ReportingBand
	
	1111111111111

	CSI-Report interval and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	4

	CSI request
	
	1 in slots i, where mod(i, 8) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration for Rel-16 cases
	Codebook Type
	
	typeII-r16

	
	paramCombination-r16
	
	6 (L =4, pν =1/2, β=1/2 )

	
	R(numberOfPMISubbandsPerCQISubband-r16)
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,2)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,4)

	
	CodebookSubsetRestriction
	
	0x 7FF
FFFF FFFF FFFF FFFF

	
	RI Restriction (typeII-RI-Restriction-r16)
	
	0010

	Codebook configuration for Rel-18 cases
	Codebook Type
	
	typeII-doppler-r18

	
	paramCombination-Doppler-r18
	
	7 (L =4, pν =1/2, β=1/2 )

	
	R(numberOfPMISubbandsPerCQISubband-Doppler-r18)
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,2)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,4)

	
	CodebookSubsetRestriction
	
	0x 7FF
FFFF FFFF FFFF FFFF

	
	RI Restriction (typeII-Doppler-RI-Restriction-r18)
	
	0010

	
	N4
	
	1 or 4

	
	DD unit duration
	slot
	2

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	MCS
	
	MCS13

	Note 1:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (1 ms granularity) with equal probability of each applicable i1, i2 combination. The random precoder generation shall follow 'typeI-SinglePanel' codebook configuration as specified in table 6.3.2.1.3-1.
Note 2:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-4), this reported PMI cannot be applied at the gNB downlink before slot#(n+4).
Note 3:	Randomization of the dual-cluster beam directions shall be used as specified in AnnexB.2.3.2.3A. The value of relative power ratio (p) shall be fixed as 1 during the test.



In last RAN4#110 meeting, we get the agreement to define PMI reporting requirements with ‘typeII-Doppler-r18’, and the test metric defined as , where   is X % of the maximum throughput obtained at  using the typeII-Doppler-r18 precoder configured according to the UE reports, and  is the throughput measured at  with random precoding based on Type I Single Panel codebook. At the same time, companies still have interest in the performance comparison between ‘typeII-Doppler-r18’ and Rel-16 Type II codebook. Therefore, in this document, we focus on comparing the throughput performance of Rel-16 Type II codebook, ‘typeII-Doppler-r18’ codebook and random precoding based on Single Panel Type I codebook.
2.2 Simulation results
PMI reporting performance comparison with 2Rx between cases with Rel-16 Type II codebook and ‘typeII-Doppler-r18’ codebook are as Figure 2-3 – Figure 2-5.
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Figure 2-3. 2Rx performance comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 20Hz
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Figure 2-4. 2Rx performance comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 30Hz
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Figure 2-5. 2Rx performance comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 40Hz

From the performance comparsion results on Figure 2-3 – Figure 2-5, compared with Rel-16 Type II codebook, there are some benefits of ‘typeII-Doppler-r18’ codebook cases with Doppler 20Hz and 30Hz, while no obvious gain with Doppler 40Hz.
Observation 1: For the 2Rx PMI reporting performance simulation results on ‘typeII-Doppler-r18’ codebook vs Rel-16 Type II codebook, some benefit is observed for TDLA30 cases with Doppler 20Hz and 30Hz.
Observation 2: For the 2Rx PMI reporting performance simulation results on ‘typeII-Doppler-r18’ codebook vs Rel-16 Type II codebook, no obvious gain could be observed for TDLA30 cases with Doppler 40Hz.
For Doppler 30Hz cases, we run more simulation cases to check the performance of ‘typeII-Doppler-r18’ codebook with N4 equals 1 vs N4 equals 4, even the performance comparison with random precoding based on Single Panel Type I codebook. The simulation results are on Figure 2-6 – Figure 2-9. From these results, we know that both cases using ‘typeII-Doppler-r18’ codebook with N4=1 and N4=4 could outperform the case using Rel-16 Type II codebook, and the performance of ‘typeII-Doppler-r18’ codebook cases using N4=4 is better than N4=1.
Observation 3: For Doppler 30Hz case, both cases using ‘typeII-Doppler-r18’ codebook with N4=1 and N4=4 could outperform cases using Rel-16 Type II codebook, and the performance of ‘typeII-Doppler-r18’ codebook cases using N4=4 is better than N4=1.
[image: ] 
Figure 2-6. 2Rx performance comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 30Hz
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Figure 2-7. 2Rx Relative throughput ratio comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 30Hz
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Figure 2-8. 4Rx performance comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 30Hz
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Figure 2-9. 4Rx Relative throughput ratio comparison Rel-16 Type II vs ‘typeII-Doppler-r18’ with Doppler 30Hz

In order to display the performance gain more clearly, we summarize the performance gain on ‘typeII-Doppler-r18’ codebook vs Rel-16 Type II codebook in below Table 2-2 and Table 2-3. In these tables, Test metric defined as , where  is X % (e.g. X=60, 70, 90) of the maximum throughput obtained at  using the typeII-Doppler-r18 precoder configured according to the UE reports, and  is the throughput measured at  with random precoding based on Type I Single Panel codebook.
Table 2-2. X % SNR point for TDLA30-20 and TDLA30-30 with MCS13 cases  
	case
	X
	
	
N4=1
	
N4=4

	2Rx
TDLA30-20
	60
	1.2
	0.7
	0.6

	
	70
	2.6
	2.2
	2.3

	
	90
	5.6
	5.1
	5.3

	2Rx
TDLA30-30
	60
	3.0
	2.6
	2.5

	
	70
	4.4
	4.1
	3.8

	
	90
	7.0
	6.9
	6.6

	4Rx
TDLA30-20
	60
	-2.7
	-3.0
	-2.9

	
	70
	-1.6
	-1.9
	-1.9

	
	90
	0.1
	-0.2
	0.0

	4Rx
TDLA30-30
	60
	-1.5
	-1.6
	-1.7

	
	70
	-0.6
	-0.7
	-0.8

	
	90
	1.1
	0.9
	0.8



Table 2-3. Test metric  for TDLA30-20 and TDLA30-30 with MCS13 cases 
	case
	X
	Test metric 

	
	
	Rel-16 Type II 
	Rel-18 Doppler N4=1
	Rel-18 Doppler N4=4

	2Rx
TDLA30-20
	60
	7.22
	10.09
	10.81

	
	70
	4.57
	5.20
	5.06

	
	90
	2.81
	3.06
	2.96

	2Rx
TDLA30-30
	60
	3.51
	4.08
	4.26

	
	70
	2.78
	2.95
	3.20

	
	90
	2.29
	2.33
	2.42

	4Rx
TDLA30-20
	60
	11.69
	14.09
	13.37

	
	70
	6.73
	7.76
	7.72

	
	90
	4.34
	4.77
	4.46

	4Rx
TDLA30-30
	60
	5.33
	5.46
	5.89

	
	70
	4.20
	4.38
	4.56

	
	90
	3.32
	3.47
	3.58



Observation 4: For Doppler 20Hz, 30Hz case, the performance gain at the 60% and 70% of the maximum throughput point is higher than 90% of the maximum throughput point.
Observation 5: For Doppler 30Hz with MCS13 case, the 70% SNR working point of Rel-18 Doppler codebook could get about 0.6dB gain over Rel-16 codebook for 2Rx cases, and about 0.3dB gain for 4Rx cases.
Observation 6: For Doppler 30Hz with MCS13 case, the test metric  on 70% SNR working point of Rel-18 Doppler codebook is about 3.2 for 2Rx case, and 4.5 for 4Rx case; the test metric  on 90% SNR working point of Rel-18 Doppler codebook is about 2.4 for 2Rx case, and 3.5 for 4Rx case.
3. TypeII-CJT-r18
For CJT schemes which is introduced in Rel-18, all the PDSCH/DMRS ports are jointly transmitted from multiple TRPs and signals from multiple TRPs are combined coherently, hence multiple geographically separated TRPs or RRHs for CJT are assumed to be well synchronized in time and frequency as well as the phase and amplitude of their antenna arrays are calibrated. In last RAN4#110 meeting [5], we agreed to introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook (FR1 FDD only) based on below test metric.
	Issue 1-1-5: clarify test metric for PMI reporting requirements with ‘typeII-CJT-r18’ codebook
Agreement:
· For the PMI reporting requirements with typeII-CJT-r18, define the test metric as , where  is [90] % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook per TRP.



3 
3.1 Simulation assumptions
According to the agreements of simulation assumptions for Type II CJT codebook in sub-topic 2-2 [4][5], the simulation assumptions could be summarized as below Table 3-1.
Table 3-1. Simulation assumptions of TypeII-CJT-r18
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Duplex mode
	
	FDD

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15

	Active DL BWP index
	
	1

	Propagation channel
	
	TDLA30-10

	Antenna configuration per TRxP
	
	High XP 8 x 2     (N1,N2) = (4,1)
High XP 8 x 4     (N1,N2) = (4,1)

	Beamforming Model
	
	As specified in Annex B.4.1 (Note 4)

	CSI-RS resources K
	
	2

	Number of TRPs NTRP
	
	2

	restrictedCMR-Selection
	
	ON

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 
	1002

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	TCI State #1
	Type 1 QCL information
	CSI-RS resource
	
	CSI-RS resource 1 from 'CSI-RS for tracking’ configuration
	N/A

	
	
	QCL Type
	
	Type A
	N/A

	
	Type 2 QCL information
	CSI-RS resource
	
	N/A
	N/A

	
	
	QCL Type
	
	N/A
	N/A

	TCI State #2
	Type 1 QCL information
	CSI-RS resource
	
	N/A
	CSI-RS resource 5 from 'CSI-RS for tracking’ configuration

	
	
	QCL Type
	
	N/A
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	
	N/A
	N/A

	
	
	QCL Type
	
	N/A
	N/A

	Resource allocation
	
	Full-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	0

	Frequency offset of the second TRxP from the first TRxP
	Hz
	0

	Number of HARQ Processes
	
	4 

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2

	ZP CSI-RS configuration

	CSI-RS resource Type
	
	Periodic

	
	Number of CSI-RS ports (X)
	
	4

	
	CDM Type
	
	FD-CDM2

	
	Density (ρ)
	
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0)
	
	Row 5,(4)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	(9)

	
	CSI-RS
periodicity and offset
	slot
	5/1

	NZP CSI-RS for CSI acquisition

	CSI-RS resource ID
	
	Resource #9
	Resource #10

	
	CSI-RS resource Type
	
	Aperiodic
	Aperiodic

	
	Number of CSI-RS ports (X)
	
	8
	8

	
	CDM Type
	
	CDM4 (FD2, TD2)
	CDM4 (FD2, TD2)

	
	Density (ρ)
	
	1
	1

	
	First subcarrier index in the PRB used for CSI-RS (k0, k1 )
	
	Row 8, (4,6)
	Row 8, (4,6)

	
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	(5) 
	(9)

	
	CSI-RS
periodicity and offset
	slot
	Not configured
	Not configured

	
	aperiodicTriggeringOffset
	
	0
	0

	CSI-IM configuration
	CSI-IM resource Type
	
	Aperiodic

	
	CSI-IM RE pattern
	
	Pattern 0

	
	CSI-IM Resource Mapping
(kCSI-IM,lCSI-IM)
	
	(4,9)

	
	CSI-IM timeConfig
periodicity and offset
	slot
	Not configured

	ReportConfigType
	
	Aperiodic

	CQI-table
	
	Table 1

	reportQuantity
	
	cri-RI-PMI-CQI

	timeRestrictionForChannelMeasurements
	
	Not configured

	timeRestrictionForInterferenceMeasurements
	
	Not configured

	cqi-FormatIndicator
	
	Wideband

	pmi-FormatIndicator
	
	Not configured

	Sub-band Size
	RB
	4

	csi-ReportingBand
	
	1111111111111

	CSI-Report periodicity and offset
	slot
	Not configured

	Aperiodic Report Slot Offset
	
	5

	CSI request
	
	1 in slots i, where mod(i, 5) = 1, otherwise it is equal to 0

	reportTriggerSize
	
	1

	CSI-AperiodicTriggerStateList
	
	One State with one Associated Report Configuration
Associated Report Configuration contains pointers to NZP CSI-RS and CSI-IM

	Codebook configuration
	CodebookType
	
	typeII-CJT-r18

	
	CodebookMode
	
	Mode2

	
	paramCombination-CJT-L-r18
	
	7 {4, 4}

	
	paramCombination-CJT-r18
	
	4 (,)

	
	R(numberOfPMI-SubbandsPerCQI-Subband-CJT-r18)
	
	1

	
	(CodebookConfig-N1,CodebookConfig-N2)
	
	(4,1)

	
	(CodebookConfig-O1,CodebookConfig-O2)
	
	(4,1)

	
	CodebookSubsetRestriction
	
	0x 7FF
FFFF FFFF FFFF FFFF

	
	RI Restriction
	
	00000001
00000010

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	8

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.1-6.3
R.PDSCH.1-6.4 

	PDSCH & PDSCH DMRS Precoding configuration for random Precoding
	
	Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with subband granularity

	Note 1:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 is transmitted from TRxP #1 and PDSCH layer 1 is transmitted from TRxP #2)
Note 2:	When Throughput is measured using random precoder selection, the precoder shall be updated in each slot (1 ms granularity) with equal probability of each applicable i1, i2 combination.
Note 3:	If the UE reports in an available uplink reporting instance at slot#n based on PMI estimation at a downlink slot not later than slot#(n-4), this reported PMI cannot be applied at the gNB downlink before slot#(n+4).
Note 4:	Randomization of the principle beam direction per TRxP shall be used for Single Panel Type I as specified in Annex B.2.3.2.3. Randomization of the dual-cluster beam directions shall be used for typeII-CJT-r18 as specified in AnnexB.2.3.2.3A. The value of relative power ratio (p) shall be fixed as 1 during the test.



3.2 Simulation results
paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4
In last RAN4#110 meeting, there are two options for the MCS level for CJT codebook. For paramCombination-CJT-L-r18 = 7 {4, 4} and paramCombination-CJT-r18 =4 (,), with MCS 13, the absolute TP of following TypeII-CJT-r18 codebook vs random Type I codebook and the relative TP of following TypeII-CJT-r18 codebook vs random Type I codebook are as Figure 3-1.
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Figure 3-1. performance of following TypeII-CJT-r18 codebook vs random Type I codebook with MCS13

For paramCombination-CJT-L-r18 = 7 {4, 4} and paramCombination-CJT-r18 =4 (,), with MCS 20, the absolute TP of following TypeII-CJT-r18 codebook vs random Type I codebook and the relative TP of following TypeII-CJT-r18 codebook vs random Type I codebook are as Figure 3-2.
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Figure 3-2. performance of following TypeII-CJT-r18 codebook vs random Type I codebook with MCS20

Accordingly, the   at Z% of the maximum TP by using TypeII-CJT-r18 and related test metric   are summarized in below Table 3-2, where  is 90% of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.
Table 3-2  and test metric   of paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4
	MCS
	Rx
	
	

	MCS13
	2 Rx
	5.7
	3.45

	
	4 Rx
	3.7
	3.86

	MCS20
	2 Rx
	9.1
	6.48

	
	4 Rx
	4.8
	8.61



From above simulation results, cases with MCS20 has higher gain (performance of following TypeII-CJT-r18 codebook vs random Type I codebook) than cases with MCS13. However, this higher gain comes from the lower performance throughput of random Type I codebook.
Observation 7: Cases with MCS20 has higher gain (performance of following TypeII-CJT-r18 codebook vs random Type I codebook) than cases with MCS13. However, this higher gain comes from the lower performance throughput of random Type I codebook case.
Observation 8: For paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 with MCS13 and RI Restriction as 00000001, the test metric at 90% of the maximum TP is about 3.4 for 2 Rx, is about 3.8 for 4Rx.

In last RAN4#110 meeting, the value of RI Restriction has not reached agreement. For paramCombination-CJT-L-r18 = 7 {4, 4} and paramCombination-CJT-r18 =4 (,), with MCS 13 and RI Restriction as 00000001, the absolute TP of following TypeII-CJT-r18 codebook vs random Type I codebook and the relative TP of following TypeII-CJT-r18 codebook vs random Type I codebook are as Figure 3-1. For paramCombination-CJT-L-r18 = 7 {4, 4} and paramCombination-CJT-r18 =4 (,), with MCS 13 and RI Restriction as 00000010, the absolute TP of following TypeII-CJT-r18 codebook vs random Type I codebook and the relative TP of following TypeII-CJT-r18 codebook vs random Type I codebook are as Figure 3-3.
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Figure 3-3. performance of following TypeII-CJT-r18 codebook vs random Type I codebook with MCS13 and RI Restriction as 00000010

Accordingly, the   at Z% of the maximum TP by using TypeII-CJT-r18 and related test metric   are summarized in below Table 3-3, where  is 90% of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding based on type I Single Panel codebook.
Table 3-3  and test metric   of paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4
	MCS
	Rx
	RI Restriction
	
	

	MCS13
	4 Rx
	00000001
	3.7
	3.86

	
	4 Rx
	00000010
	11.4
	2.18



Observation 9: For paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 with MCS13 and RI Restriction as 00000010, the test metric at 90% of the maximum TP is about 2.1 for 4Rx.

4. Rel-18 DMRS
In RAN4#108bis meeting, it is agreed to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario [3], and in RAN4#109 and RAN4#110 meeting, some agreements about simulation assumptions are achieved [4][5]. In this simulation, we’d like to know the PDSCH demodulation performance difference between cases by using Rel-15 DMRS and Rel-18 enhanced DMRS.
4 
4.1 Simulation assumptions
Table 4-1. Simulation assumptions of R18 enhanced DMRS
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD and TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	FDD: 12
TDD: Specific to each Reference channel

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping inter-leaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Antenna ports indexes
	
	{1008, 1009} for Rank 2
 {1000, 1001, 1008, 1009} for Rank 4

	CSI-RS for tracking
	CSI-RS periodicity
	Slots
	15 kHz SCS: 20 for CSI-RS resource 1,2,3,4
30 kHz SCS: 40 for CSI-RS resource 1,2,3,4

	
	CSI-RS offset
	Slots
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4

30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4

	Number of HARQ Processes
	
	FDD: 4 for 2Rx
FDD: 8 for 4Rx
TDD: 8

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	FDD: 2
TDD: Specific to each TDD UL-DL pattern and as defined in Annex A.1.2


4.2 Simulation results
For FDD and TDD with 2Rx and 4Rx, the PDSCH demodulation performance results are as Figure 4-1 – Figure 4-4.
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Figure 4-1. FDD PDSCH demodulation performance with 2Rx Rank 2
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Figure 4-2. TDD PDSCH demodulation performance with 2Rx Rank 2
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Figure 4-3. FDD PDSCH demodulation performance with 4Rx Rank 4

[image: ]
Figure 4-4. TDD PDSCH demodulation performance with 4Rx Rank 4

The SNR point without impairment at 70% fraction of maximum throughput could be summarized as below Table 4-1and Table 4-2.
Table 4-1 SNR point at 70% fraction of maximum throughput for FDD cases
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	SNR(dB)

	
	
	
	
	
	
	R15 DMRS
	R18 DMRS

	1-1
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x2, ULA Low
	15.8
	15.8

	1-2
	R.PDSCH.1-2.4 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	11.6
	11.5



Table 4-2: SNR point at 70% fraction of maximum throughput for TDD cases
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	SNR(dB)

	
	
	
	
	
	
	
	R15 DMRS
	R18 DMRS

	1-1
	R.PDSCH.2-3.1 TDD
	40 / 30
	64QAM, 0.50
	FR1.30-1
	TDLA30-10
	2x2, ULA Low
	15.4
	15.4

	1-2
	R.PDSCH.2-2.4 TDD
	40 / 30
	16QAM, 0.48
	FR1.30-1
	TDLA30-10
	4x4, ULA Low
	11.9
	12.0



Obviously, there is almost no performance difference between Rel-15 DMRS cases and Rel-18 enhanced DMRS cases.
Observation 10: For the PDSCH demodulation performance, cases with Rel-18 enhanced DMRS have almost the same SNR point at 70% fraction of maximum throughput with Rel-15 DMRS cases. 
5. Conclusion
In this contribution, we provide our simulation results and observations on UE demodulation performance and CSI requirements for Rel-18 NR MIMO enhancements for downlink. 
The observations could be summarized as:
Observation 1: For the 2Rx PMI reporting performance simulation results on ‘typeII-Doppler-r18’ codebook vs Rel-16 Type II codebook, some benefit is observed for TDLA30 cases with Doppler 20Hz and 30Hz.
Observation 2: For the 2Rx PMI reporting performance simulation results on ‘typeII-Doppler-r18’ codebook vs Rel-16 Type II codebook, no obvious gain could be observed for TDLA30 cases with Doppler 40Hz.
Observation 3: For Doppler 30Hz case, both cases using ‘typeII-Doppler-r18’ codebook with N4=1 and N4=4 could outperform cases using Rel-16 Type II codebook, and the performance of ‘typeII-Doppler-r18’ codebook cases using N4=4 is better than N4=1.
Observation 4: For Doppler 20Hz, 30Hz case, the performance gain at the 60% and 70% of the maximum throughput point is higher than 90% of the maximum throughput point.
Observation 5: For Doppler 30Hz with MCS13 case, the 70% SNR working point of Rel-18 Doppler codebook could get about 0.6dB gain over Rel-16 codebook for 2Rx cases, and about 0.3dB gain for 4Rx cases.
Observation 6: For Doppler 30Hz with MCS13 case, the test metric  on 70% SNR working point of Rel-18 Doppler codebook is about 3.2 for 2Rx case, and 4.5 for 4Rx case; the test metric  on 90% SNR working point of Rel-18 Doppler codebook is about 2.4 for 2Rx case, and 3.5 for 4Rx case.
Observation 7: Cases with MCS20 has higher gain (performance of following TypeII-CJT-r18 codebook vs random Type I codebook) than cases with MCS13. However, this higher gain comes from the lower performance throughput of random Type I codebook case.
Observation 8: For paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 with MCS13 and RI Restriction as 00000001, the test metric at 90% of the maximum TP is about 3.4 for 2 Rx, is about 3.8 for 4Rx.
Observation 9: For paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 with MCS13 and RI Restriction as 00000010, the test metric at 90% of the maximum TP is about 2.1 for 4Rx.
[bookmark: _GoBack]Observation 10: For the PDSCH demodulation performance, cases with Rel-18 enhanced DMRS have almost the same SNR point at 70% fraction of maximum throughput with Rel-15 DMRS cases.  
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