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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 last RAN4#109 meeting, there are some agreements on general scope as below [4].
	Issue 1-1-1: clarify criteria of feasibility for ‘typeII-Doppler-r18’ codebook
Agreement:
· Define PMI reporting requirements with ‘typeII-Doppler-r18’ using option 2 if both option 1 and option 2 could be fulfilled. Otherwise, if only option 1 is fulfilled, further discuss if feasible to define PMI reporting requirement using option 1 only.
· Option 1: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and medium/high UE speed.
· Option 2: UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and medium/high UE speed.
Issue 1-1-2: clarify test metric for PMI reporting requirements with ‘typeII-Doppler-r18’ codebook
Agreement:
· Test metric defined as  as a starting point, where  is X % (e.g. X=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. 
Issue 1-1-3: clarify if CSI requirements are needed for TDCP
Agreement:
· Do not introduce CSI requirements for TDCP measurement.
Issue 1-1-4: clarify if PMI reporting requirements are needed for ‘typeII-CJT-r18’ codebook
Agreement:
· Focus on co-located scenario (zero time offset and zero frequency offset), introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only) if performance gain could be observed, with Test metric defined as , where  is Z % (e.g., Z=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.
Issue 1-1-5: clarify if applicability rules are needed for demodulation requirements of Rel-18 DMRS ports
Agreement:
· Introduce applicability rules for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the Rel-18 DMRS ports. 


In our companion contribution about simulation results [6], we provide our simulation results and observations, accordingly, in this contribution, we provide our analysis and views on the open issues.
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. However, both the reporting of PMI and the apply of reported PMI have some delays, then how to use the reported PMIs on gNB side should be an implentation problem, e.g. when N4 equals to 4, which slot should use which Wd, below Figure 2-1 is the example for CSI request periodicity 8ms, and Figure 2-2 is the example for CSI request periodicity 10ms. The throughput performance of TypeII-Doppler-r18 codebook would be impacted by the PMI apply strategy on gNB side.
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Figure 2-1 example for CSI request periodicity 8ms

[image: ]
Figure 2-2 example for CSI request periodicity 10ms
Observation 1: The throughput performance of TypeII-Doppler-r18 codebook would be impacted by the PMI apply strategy on gNB side.
RAN1 has studied the performance of TypeII-Doppler-r18 codebook in [5], generally, for the system level simulation, the throughput gain are more obvious on the cell edge throughput than the cell average throughput compared with Rel-16 TypeII codebook, and the cell average throughput gain is about 2%.
Observation 2: For the system level simulation in RAN1 study, the throughput performance of TypeII-Doppler-r18 codebook compared with Rel-16 TypeII codebook, generally, the throughput gain are more obvious on the cell edge throughput than the cell average throughput compared with Rel-16 TypeII codebook, and the cell average throughput gain is about 2%.
For our RAN4 link level simulation, firstly, we’d like to know if UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and medium/high UE speed. Secondly, we’d like to know if UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and medium/high UE speed. 
Taking our simultion results in [6] into consideration, compared with Rel-16 Type II codebook, there are no obvious performance gain of ‘typeII-Doppler-r18’ codebook cases with Doppler 200Hz, 100Hz and 50Hz, no matter with MCS13 or MCS20 configurations. While, there are obvious performance gains of ‘typeII-Doppler-r18’ codebook cases with Doppler 30Hz for both MCS13 and MCS20, and the SNR working point of MCS13 is more suitable than MCS20. From these results, we know that both cases using ‘typeII-Doppler-r18’ codebook with N4=1 and N4=4 could outperform case using Rel-16 Type II codebook, and the performance of ‘typeII-Doppler-r18’ codebook cases using N4=4 is better than N4=1. For Doppler 30Hz with MCS13 case, the SNR working point at 60% of maximum throughput of Rel-18 Doppler codebook could get about 0.5dB gain over Rel-16 codebook for FR1 FDD 2Rx cases, and about 0.3dB gain for FR1 FDD 4Rx cases.
Observation 3: From the link level simulation results in our companion contribution [6], UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and TDLA30-30.
Observation 4: From the link level simulation results in our companion contribution [6], UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and TDLA30-30.
Base on observation 3 and 4, and related agreements of issue1-1-1 in last RAN4#109 meeting [4], we should introduce PMI reporting requirements for TypeII-Doppler-r18 codebook.
Proposal 1: Introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with MCS13, TDLA30-30 and N4=4.
Proposal 2: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 60% of the maximum throughput) about 1.9 for 2Rx case, and 2.1 for 4Rx case.
Proposal 3: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook based on the simulation results provided in next meeting based on below configuration in Figure 2-3.
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Figure 2-3 configuration proposal for FR1 TDD CSI request
3. TypeII-CJT-r18
In NR system, M-TRP transmission is an important technology to improve cell edge throughput and provide a more balanced service quality for the serving cell. According to the mapping relationship of the layers to multiple TRPs, the M-TRP transmission schemes can be roughly divided into two types: NCJT (Non-Coherent-Joint Transmission) schemes and CJT (Coherent-Joint Transmission) schemes. For NCJT schemes introduced in Rel-17 which is only limited to Type I codebook and only covers the Single-DCI Multi-TRP scheme 1a, i.e., SDM scheme, the PDSCH/DMRS ports are transmitted from each TRP respectively in SDM scheme. 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.
For co-located layout CJT, ideal synchronization and backhaul can be assumed in practical deployments; for distributed layout CJT, the throughput of cell edge use can be improved for a more balanced service quality. In order to support all the scenarios, two codebook modes for Rel-18 CJT codebook design were supported in Rel-18. In last RAN4#109 meeting [4], we agreed to focus on the co-located scenario.
Based on the simulation results of ‘typeII-CJT-r18’ codebook compared with random type I Single Panel codebook in [6], obvious throughput performance gain could be observed, therefore, we propose to introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook.
Proposal 4: Introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook, which has obvious performance gain compared with random precoding based on type I Single Panel codebook.
For the beam combinations configured by the higher layer parameter paramCombination-CJT-L-r18, considering the simulation results in [6], when paramCombination-CJT-L-r18 = 4, the test metric at 90% of the maximum TP is about 1.4 for 2 Rx, is about 1.6 for 4Rx; when paramCombination-CJT-L-r18 = 7, the test metric at 90% of the maximum TP is about 1.9 for 2 Rx, is about 2.2 for 4Rx. We slightly prefer to define requirements using paramCombination-CJT-L-r18 set as 7.
Proposal 5: Prefer to set paramCombination-CJT-L-r18 as 7 ({4, 4}) for PMI reporting requirements using typeII-CJT-r18 codebook.
Meanwhile, for the test metric at 90% of the maximum TP, the test metric value increase along with the paramCombination-CJT-r18 increases, but the increase values are limited. It’s seems enough to use paramCombination-CJT-r18 as 4.
Proposal 6: Prefer to set paramCombination-CJT-r18 as 4 (,) for PMI reporting requirements using typeII-CJT-r18 codebook.
Two codebook Modes {Mode1, Mode2} are introduced for Rel-18 TypeII codebook for CJT mTRP as the agreement in RAN1#110
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):



As the description in [7], the main use case for Mode1 is CJT scenarios where different distances between TRPs and UE may cause relative offsets of the power delay profiles between TRPs. Reporting an FD basis offset with respect to a reference TRP allows to compensate for these delay differences and maximize the alignment between FD basis vectors across TRPs. An FD basis offset is reported for the j-th selected CSI-RS resources, relative to the first of the N selected CSI-RS resources, , where the oversampling factor value of  is configured by higher layer parameter numberOfO3. The offsets are represented by  and . Therefore,  is only applicable when codebookMode= ‘Mode1’. When codebookMode= ‘Mode2’, the offset indicator is not reported. Considering we agreed to focus on ideal synchronization and backhaul in the CJT mTRP requirements assumption, we prefer to set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
Proposal 7: Set codebookMode as Mode2 for typeII-CJT-r18 test.
Based on the simulation results in [6], for paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 configuration, the test metric   at 90% of the maximum TP, could be summarized as below. Considering the impairment, we prefer to set the test metric as 1.8 for both 2Rx and 4Rx cases.
	case
	Z
	
	

	2Rx
	90
	5.9
	1.93

	4Rx
	90
	3.9
	2.21



Proposal 8: Set the test metric  at 90% of the maximum TP as 1.8 for both 2Rx and 4Rx cases.
4. Enhanced DMRS
In last RAN4#108bis, it is agreed to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario, and in RAN4#109 meeting, some agreements about simulation assumptions are achieved [4]. However, there are still several open issues for this topic.
DMRS ports
In RAN4#109 meeting, companies have the same opinions on the DMRS ports for Rank 1, Rank 2 and Rank 3 tests, but different views on the DMRS ports for Rank 4 tests as below. 
	Issue 2-3-2: DMRS ports
Way forward:
· {1008} if Rank 1 test is selected
· {1008, 1009} if Rank 2 test is selected
· {1008-1010} if Rank 3 test is selected
· If Rank 4 is selected:
· Option 1: {1008-1011}
· Option 2: {1000, 1001, 1008, 1009} 


In Rel-18, more orthogonal DMRS ports are introduced in RAN1 38.211[6] by extending FD-OCC from length 2 to length 4. As Figure 4-1 shows, DMRS port 1000, 1001, 1008, 1009 occupying the same RE positions, and the orthogonality is ensured by FD-OCC, while DMRS port 1008-1009 and 1010-1011 ocuppying different RE positions. Therefore, option 1 has less inter DMRS port interference, while option 2 may has less overhead considering the PDSCH multiplexing. Considering we could have similar configuration option for Rank 4 test cases by using DMRS ports 1000, 1001, 1004, 1005, but we finally define demodulation requirements for Rank4 test cases by using DMRS ports 1000-1003, we slightly prefer to use DMRS ports 1008-1011 for Rel-18 enhanced DMRS Rank 4 test.
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Figure 4-1 Rel-18 enhanced DMRS ports
Proposal 9: Use DMRS ports introduced by Rel-18, {1008-1011} for Rank 4 case.

Number of Rx antennas
In RAN4#109 meeting, companies have different views on the number of Rx antennas for Rel-18 enhanced DMRS requirements as below. 
	Issue 2-3-4: Number of Rx for tests need to be defined for Rel-18 DMRS
Way forward:
· Option 1: both 2Rx and 4Rx
· Option 2: Only 4Rx
· Option 3: Only 2Rx


We would like to define PDSCH demodulation requirements for both 2Rx and 4Rx antennas for Rel-18 enhanced DMRS.
Proposal 10: Define PDSCH demodulation requirements for both 2Rx and 4Rx antennas for Rel-18 enhanced DMRS.

Cases need to be defined for FR1 Rel-18 DMRS
In RAN4#109 meeting, there are several different proposals on the cases need to be defined for FR1 Rel-18 enhanced DMRS as below. 
	Issue 2-3-5: Cases need to be defined for FR1 Rel-18 DMRS
Way forward:
· Option 1: define one test for each Rank 1, 2, 3 and 4 with 4Rx
· Option 1A: Use Test 1-3 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 1B: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2, Test 3-1 for Rank 3, Test 4-1 for Rank 4 in Chapter 5.2.3.1.1
· Option 2: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 2-1, 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 3: define one test for Rank 2 with 2Rx, one test for Rank 4 with 4Rx
· For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For 4Rx: Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 4: define one test for each Rank 1, Rank 2 with 2Rx, one test for each Rank 3, Rank 4 with 4Rx
· For Rank 1 with 2Rx, Test 1-2 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
· For Rank 3 with 4Rx, Test 3-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· For Rank 4 with 4Rx, Test 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
· Option 5: define one test for FDD Rank 1 with 2Rx, one test for TDD Rank 2 with 2Rx
· For Rank 1 with 2Rx, Test 1-1 in Chapter 5.2.2.1.1
· For Rank 2 with 2Rx, Test 2-1 in Chapter 5.2.2.2.1
· Option 6: define one test for TDD rank 4 with 4Rx
· For rank 4 with 4 Rx, Test 4-1 in clause 5.2.3.2.1
· Other options are not precluded


Generally, several typical cases should be defined for Rel-18 enhanced DMRS, and the total number of cases should be limited, therefore we prefer option 2 (Option 2: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx)
Proposal 11: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx
For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
For 4Rx: Test 2-1, 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1

Cases need to be defined for FR2-1 Rel-18 DMRS
In last RAN4#109 meeting, some companies proposed to define one test case for each Rank 1, 2 with 2Rx for FR2-1 Rel-18 DMRS. However, per our understanding, Rel-18 enhanced DMRS is introduced to deal with the MU-MIMO scenario which need more DMRS ports, for FR2-1 SDM is more typical than MU-MIMO. 
Proposal 12: Do not define PDSCH demodulation performance test cases for FR2-1 Rel-18 DMRS.

Minimum requirements for tests need to be defined for Rel-18 DMRS
According to our simulation results [6], for the PDSCH demodulation performance, cases with Rel-18 enhanced DMRS almost have the same performance with Rel-15 DMRS cases. Hence, we slightly prefer to reuse legacy values to define the minimum requirements for tests need to be defined for Rel-18 DMRS.
Proposal 13: Reuse legacy SNR values to define the minimum requirements for tests need to be defined for Rel-18 DMRS.

5. Conclusion
In this contribution, we provide analysis and views on UE demodulation performance and CSI requirements for Rel-18 NR MIMO enhancements for downlink and uplink. 
The observations and proposals could be summarized as:
Observation 1: The throughput performance of TypeII-Doppler-r18 codebook would be impacted by the PMI apply strategy on gNB side.
Observation 2: For the system level simulation in RAN1 study, the throughput performance of TypeII-Doppler-r18 codebook compared with Rel-16 TypeII codebook, generally, the throughput gain are more obvious on the cell edge throughput than the cell average throughput compared with Rel-16 TypeII codebook, and the cell average throughput gain is about 2%.
Observation 3: From the link level simulation results in our companion contribution [6], UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations and TDLA30-30.
Observation 4: From the link level simulation results in our companion contribution [6], UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and TDLA30-30.
Proposal 1: Introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with MCS13, TDLA30-30 and N4=4.
Proposal 2: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 60% of the maximum throughput) about 1.9 for 2Rx case, and 2.1 for 4Rx case.
Proposal 3: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook based on the simulation results provided in next meeting based on below configuration in Figure 2-3.
Proposal 4: Introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook, which has obvious performance gain compared with random precoding based on type I Single Panel codebook.
Proposal 5: Prefer to set paramCombination-CJT-L-r18 as 7 ({4, 4}) for PMI reporting requirements using typeII-CJT-r18 codebook.
Proposal 6: Prefer to set paramCombination-CJT-r18 as 4 (,) for PMI reporting requirements using typeII-CJT-r18 codebook.
Proposal 7: Set codebookMode as Mode2 for typeII-CJT-r18 test.
Proposal 8: Set the test metric  at 90% of the maximum TP as 1.8 for both 2Rx and 4Rx cases.
Proposal 9: Use DMRS ports introduced by Rel-18, {1008-1011} for Rank 4 case.
Proposal 10: Define PDSCH demodulation requirements for both 2Rx and 4Rx antennas for Rel-18 enhanced DMRS.
Proposal 11: define one test for Rank 2 with 2Rx, one test for each Rank 2, Rank 4 with 4Rx
For 2Rx: Test 2-1 in Chapter 5.2.2.1.1, 5.2.2.2.1
For 4Rx: Test 2-1, 4-1 in Chapter 5.2.3.1.1, 5.2.3.2.1
Proposal 12: Do not define PDSCH demodulation performance test cases for FR2-1 Rel-18 DMRS.
Proposal 13: Reuse legacy SNR values to define the minimum requirements for tests need to be defined for Rel-18 DMRS.
6. Reference
[1] RP-223276, WID Update: MIMO Evolution for Downlink and Uplink, Samsung
[2] R4-2301929, Work plan for Rel-18 WI on MIMO evolution, Samsung
[3] R4-2316920, WF on NR_MIMO_evo_DL_UL_demod, Samsung
[4] R4-2321141, WF on [109][327] NR_MIMO_evo_DL_UL_demod, Samsung
[5] R1-2206812, Moderator Summary on Rel-18 CSI enhancements, Samsung
[6] R4-XXXXX, Simulation results on Rel-18 MIMO UE demodulation performance and CSI requirements, Samsung
[7] R1-2303007, Rel-18 CSI enhancements, Nokia
[6] R1-2204540, CSI enhancement for high/medium UE velocities and CJT, Nokia
image2.png
delta=1, predicted W
start from slot#(n+delta)

K=4 CSI-RS resources with N4=4 Doppler domain
m=2 slots separation weights with d=2 slots interval

Csl request
10ms periodicity

1 [ Wa W

slot olb of1f2]3]4]s
PMIestimate | PMicsimate Pl estibate PMI estimate 1 t
i
sloté(n-4) 1 1 1 :T 1 1 CSireport  PMi apply
CSlreport  PMIapply CSlreport  PMi apply CSlreport  PMIapply sloté#n slot#(n+4)
sotén slot(n+4) dotén slow(ned) Sotin  sloti(n+4)

__K______




image3.png
delta=2, predicted Wi
start from slot(n-dlelta)

N4=4 Doppler domain weights
K=4 CSI-RS resources with with d=1 slot interval
m=1 slot separation

CSl request l

5ms periodicity ~ v ~
0 123 456 7 8 9201 121314151517 181 woaw w01 o2 34 s
slot DDDSUU-DDDSUU- DSUU-DDDS ufu(D|D|(D|D|D|D
l—| WerWaz Waa Wae W Wez Was W War Wer Wes Was
i '
PMI estimate t t t " 1 1 t
CSl report PMlapply  Cs|report PMIapply  CSl report PMI apply CSl report PMI apply
slot#n slot#(n+6) slot#n s\d}#(mﬁ) slot#n slot#(n+6) slot#n slot#(n+6)

P

>
|





image4.png
DMRS port 1000 1001 1008 1009 DMRS port 1008 1009 1010 1011




image1.png
delta=1, predicted W
start from slot#(ndelta)

K=4 CSI-RS resources with N4=4 Doppler domain
m=2 slots separation weights with d=2 slots interval

Py w,,’{‘w,,"mi’

Csl request

8ms periodicity

‘W’{ W, ‘w,;’)‘wﬂ’}‘wa,
1 1

11 1
0 2 415]s |78

few ]!
011

slot

PM] estimate e Bl e e PMI estimate | T

slotin-1) t 1 1 I: 1 1 1 1 1 €l report

!
.
I Cslreport  PMIapely  cqiipor  PNIappy  CSlreport  PMiapply  CSireport  PMIapply setin
! slotn  sot+A) o siati(ne4) siotén  slot#(n+d) slotin  sloti(n4)
i .
b

= >




