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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#110 meeting, all of the open issues for the general scope part have reached agreements as below [4]. 
	Issue 1-1-1: clarify if introduce PMI reporting requirements for ‘typeII-Doppler-r18’ codebook
Agreement:
· Introduce PMI reporting requirements for ‘typeII-Doppler-r18’ codebook.

Issue 1-1-2: clarify if introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook
Agreement:
· Introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook.

Issue 1-1-3: clarify criteria of feasibility for ‘typeII-Doppler-r18’ codebook
Agreement:
· Use the mechanism agreement which has already agreed in RAN4#109 and CSI-RS setup in section 2.2.1.

Issue 1-1-4: clarify test metric for PMI reporting requirements with ‘typeII-Doppler-r18’ codebook
Agreement:
· 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

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.

Issue 1-1-6: clarify how to approach random PMI precoding in mTRP case for Test metric defined as 
Agreement:
· For each TRP, use random type I SP PMI precoding independently.

Issue 1-1-7: explicitly define for clarification what “equal probability of each applicable i1, i2 combination” 
Agreement:
· Explicitly define random precoding frequency domain granularities as random i1 with wideband granularity and random i2 with subband granularity with ‘typeII-Doppler-r18’ and ‘typeII-CJT-r18’ codebook.


In our companion contribution about simulation results [6], we provide our simulation results and observations, accordingly, in this contribution, we provide our further 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 and Figure 2-3 are the implenation options may be used by gNBs. 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 scheduling option 1 for CSI request periodicity 8ms
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Figure 2-3 scheduling option 2 for CSI request periodicity 8ms

It seems scheduling option 1 is easier than option 2 for implentation, and the PMI apply delay is const for each slot, therefore, we prefer to use scheduling option 1 as the simulation assumption.
Proposal 1: Use scheduling option 1 for simulation assumption for TypeII-Doppler-r18 codebook.

Propagation channel
From our RAN4 link level simulation results in last RAN4#110 meeting, firstly, we observed UE throughput with ‘typeII-Doppler-r18’ codebook could outperform Rel-16 Type II codebook with the same CSI-RS configurations for TDLA30-30. Secondly, we know UE throughput with ‘typeII-Doppler-r18’ codebook could outperform random precoding based on Single Panel Type I codebook with the same CSI-RS configurations for TDLA30-30. And in last RAN4#110 meeting, companies agreed to use TDLA30-30 as baseline, and interested companies can also provide results with 20 and 40 Hz in addition to 30 Hz.
According our simulation results in [6], compared with TDLA30-20 and TDLA30-40, the results of TDLA30-30 show obvious and stable performance gain for TypeII-Doppler-r18 codebook vs Rel-16 Type II codebook, and the results could be summarized as below Table 2-1. 
Table 2-1. Test metric  for TDLA30-30 with MCS13 cases 
	case
	X
	Test metric 

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

	2Rx
TDLA30-30
	60
	3.51
	4.08
	4.26

	
	70
	2.78
	2.95
	3.20

	
	90
	2.29
	2.33
	2.42

	4Rx
TDLA30-30
	60
	5.33
	5.46
	5.89

	
	70
	4.20
	4.38
	4.56

	
	90
	3.32
	3.47
	3.58



Proposal 2: Use TDLA30-30 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.

N4 and K configuration
N4 is the Doppler-/time-domain (DD/TD) basis vector length and the number of W2 matrices. According RAN1 specification, N4 could be selected from  subject to UE capability as below. From our simulation results in Table 2-1, N4 equal to 4 has better performance than N4 equal to 1. We slightly prefer to use N4 equal to 4 for the PMI reporting requirements of TypeII-Doppler-r18 codebook, as we believe N4 equal to 4 will be supported once UE support TypeII-Doppler-r18 codebook as N4 equal to 4 has better performance than N4 equal to 1.
3GPP 28.214 V18.2.0 Clause 5.2.1.4.2
	Subject to UE capability, a UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI' is assumed to support UE-side CSI prediction. The reported PMI indicates predicted precoder matrices associated with  consecutive slot intervals, each with duration of  slots, where the value of  is configured by higher layer parameter N4.


Proposal 3: Use N4 equal to 4 for the test assumption of TypeII-Doppler-r18 codebook.

K is the number of CSI-RS resources used for TypeII-Doppler-r18 codebook estimation. According RAN1 specification, K should be selected from  for aperiodic CSI-RS resources. Considering K equal to 4 has less overhead than 8 and 12, and our simulation results shows the performance of K equal to 4 is good enough, we think K equal to 4 is a good selection.
3GPP 28.214 V18.2.0 Clause 5.2.1.4.1
	A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement.


Proposal 4: Use K equal to 4 for the test assumption of TypeII-Doppler-r18 codebook.

X% of the maximum throughput in Test metric
According our simulation results in Table 2-1, the performance of TypeII-Doppler-r18 codebook has obvious gain compared with Rel-16 Type II codebook at 60% or 70% of the maximum throughput. Meanwhile, the performance of TypeII-Doppler-r18 codebook still has gain compared with Rel-16 Type II codebook at 90% of the maximum throughput, however, the gain is not as good as at 60% or 70% of the maximum throughput.
Proposal 5: Prefer to use 60% of the maximum throughput in Test metric for the test assumption of TypeII-Doppler-r18 codebook.

Test metric of TypeII-Doppler-r18 codebook
According our simulation results in Table 2-1, if 60% of the maximum throughput in Test metric is selected for the test assumption, we propose to use 4.0 for 2Rx case and 5.5 for 4Rx case as the test metric. If the legacy 90% of the maximum throughput in Test metric is selected for the test assumption, we propose to use 2.3 for 2Rx case and 3.4 for 4Rx case as the test metric.
Proposal 6: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 60% of the maximum throughput) about 4.0 for 2Rx case, and 5.5 for 4Rx case, or with test metric  (using 90% of the maximum throughput) about 2.3 for 2Rx case, and 3.4 for 4Rx case.

Test setup for FR1 TDD case of TypeII-Doppler-r18 codebook
As we have limited time to discuss the test setup for FR1 TDD case before, and it seems the performance of FR1 FDD cases is acceptable, we would like to propose using similar test setup with FR1 FDD case for FR1 TDD case as figure 2-4.
[image: ]
· Figure 2-4 configuration proposal for FR1 TDD CSI request
Proposal 7: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook based on the simulation results based on configuration in Figure 2-4.
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 RAN4#109 meeting, we agreed to focus on the co-located scenario.
Based on the initial simulation results of ‘typeII-CJT-r18’ codebook compared with random type I Single Panel codebook in RAN4#109 meeting, obvious throughput performance gain could be observed, therefore, we agreed to introduce PMI reporting requirements for ‘typeII-CJT-r18’ codebook in RAN4#110 meeting [4]. About the test setups, there are several open issues need further discussion.

N1, N2, O1, O2 and the number of CSI-RS ports
In last RAN4#110 meeting, some companies has concern about using dual cluster beams for N2 equal to 1 case. However, the modeling of dual cluster beams are targeting for type II codebook, each dimension will has dual cluster beams. Therefore, we still prefer to set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) for Rel-18 TypeII for CJT PMI test. 
Proposal 8: Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) for Rel-18 TypeII for CJT PMI test. 

TRS configuration in CJT
For the co-located scenario with two TRPs using codebookMode as 2, regarding the number of TRS configuration, it is of course up to NW implementation (it may be one TRS for both TRPs, it may also be separate TRS for each TRP), but we think the case of each TRS configured for each TRP is more common scenario. Even if multi-TRPs are co-located, channel properties can be different across TRPs depending on antenna facing direction. Hence, configuring TRS for each TRP would be considered in general scenarios. Similar as the PDSCH performance requirements of multi-TRPs, applicability rule which supporting requirements apply only when maxSimultaneousResourceSetsPerCC ≥ 2 should be introduced.
Proposal 9: Set separate TRS for each TRP for Rel-18 TypeII for CJT PMI test, and introduce applicability rule which supporting requirements apply only when maxSimultaneousResourceSetsPerCC ≥ 2. 

Beam steering modelling for TypeII-CJT-r18 PMI reporting requirements
As mentioned above, the modeling of dual cluster beams are targeting for type II codebook, each dimension will has dual cluster beams. TypeII-CJT-r18 is a new codebook based on TypeII codebook. Therefore, dual cluster beams defined in Annex B.2.3.2.3A should be used.
Proposal 10: dual cluster beams defined in Annex B.2.3.2.3A should be used for TypeII-CJT-r18 PMI reporting requirements.

RI restriction (typeII-CJT-RI‑Restriction-r18)
Considering companies already have significant gains for RI restriction as 0001, and our simulation results in [6], we slightly prefer to set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test.
Proposal 11: set RI restriction as 00000001 for Rel-18 TypeII for CJT PMI test. 

MCS
From our simulation results in [6], we think MCS13 is a good selection for TypeII-CJT-r18 codebook.
Proposal 12: set MCS level as 13 for Rel-18 TypeII for CJT PMI test. 

Test metric of TypeII-CJT-r18 codebook
Based on the simulation results in [6], for paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 configuration with MCS13 and RI Restriction as 00000001, 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 3.0 for both 2Rx and 4Rx cases.
	MCS
	Rx
	
	

	MCS13
	2 Rx
	5.7
	3.45

	
	4 Rx
	3.7
	3.86


 
Proposal 13: Set the test metric  at 90% of the maximum TP as 3.0 for both 2Rx and 4Rx cases.
4. Enhanced DMRS
In RAN4#108bis, it is agreed to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario, and in RAN4#110 meeting, some agreements about simulation assumptions are achieved [4]. However, there are still one open issue for this topic.

Minimum requirements for tests need to be defined for Rel-18 DMRS
Regarding the DMRS ports, agreements are achieved as {1008, 1009} for Rank 2 test and {1000, 1001, 1008, 1009} for Rank 4 test in RAN4#110 meeting. It is assumed similar PDSCH demodulation performance for legacy {1000, 1001} and Rel-18 enhanced {1008, 1009} as only FD-OCC is extending from length 2 to length 4. While for Rank 4 test with {1000, 1001, 1008, 1009}, higher throughput is expected due to less DMRS overhead considering the PDSCH multiplexing. According to our simulation results [6], for the PDSCH demodulation performance, cases with Rel-18 enhanced DMRS have almost the same performance with Rel-15 DMRS cases. 
Currently, for the minimum requirements to be defined for Rel-18 DMRS demodulation performance, there are two options. The first one is to reuse the legacy value of PDSCH demodulation requirement, it is reasonable due to the observations companies provided that Rel-18 enhanced DMRS have almost the same performance with Rel-15 DMRS cases. The other option is to define a new value according to latest simulation results, which may be different with legacy value as the number of companies which provide simulation results for Rel-18 DMRS cases is different with Rel-15 DMRS cases. Considering contribution driven principle, for Rel-18 DMRS, we slightly prefer to define the minimum requirements by using the new value according simulation results.
Proposal 14: Prefer to define the minimum requirements by using the new value according simulation results 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:
Proposal 1: Use scheduling option 1 for simulation assumption for TypeII-Doppler-r18 codebook.
Proposal 2: Use TDLA30-30 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.
Proposal 3: Use N4 equal to 4 for the test assumption of TypeII-Doppler-r18 codebook.
Proposal 4: Use K equal to 4 for the test assumption of TypeII-Doppler-r18 codebook.
Proposal 5: Prefer to use 60% of the maximum throughput in Test metric for the test assumption of TypeII-Doppler-r18 codebook.
Proposal 6: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 60% of the maximum throughput) about 4.0 for 2Rx case, and 5.5 for 4Rx case, or with test metric  (using 90% of the maximum throughput) about 2.3 for 2Rx case, and 3.4 for 4Rx case.
Proposal 7: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook based on the simulation results based on configuration in Figure 2-4.
Proposal 8: Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) for Rel-18 TypeII for CJT PMI test. 
Proposal 9: Set separate TRS for each TRP for Rel-18 TypeII for CJT PMI test, and introduce applicability rule which supporting requirements apply only when maxSimultaneousResourceSetsPerCC ≥ 2. 
Proposal 10: dual cluster beams defined in Annex B.2.3.2.3A should be used for TypeII-CJT-r18 PMI reporting requirements.
Proposal 11: set RI restriction as 00000001 for Rel-18 TypeII for CJT PMI test. 
Proposal 12: set MCS level as 13 for Rel-18 TypeII for CJT PMI test.
Proposal 13: Set the test metric  at 90% of the maximum TP as 3.0 for both 2Rx and 4Rx cases.
[bookmark: _GoBack]Proposal 14: Prefer to define the minimum requirements by using the new value according simulation results for Rel-18 DMRS.
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