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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, RAN4 agreed to introduce PDSCH demodulation requirements for Rel-18 DMRS [4]. In RAN4#110 meeting, all of the open issues for the general scope part have reached agreements [4], and RAN4 agreed to introduce PMI reporting requirements for both ‘typeII-Doppler-r18’ codebook and ‘typeII-CJT-r18’ codebook [5]. In RAN4#110bis meeting, further discussion on test setup and simulation assumptions and related agreements are achieved [6].
In our companion contribution about simulation results based on latest test setups and simulation assumptions agreements [7], 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. In last RAN4#110bis meeting, companies agreed to use below test setup for FR1 FDD and TDD cases of TypeII-Dopper-r18 codebook [6].
	Issue 1-1-5: Test setup for FR1 FDD case of TypeII-Doppler-r18 codebook
Agreement:
· For FR1 FDD 15kHz SCS case, test setup is as below descriptions:
· Non-CSI slots: scheduled in mod(i, 10) = {1,3,5,7,8,9}, i={0,1,2,…,19}
· CSI-RS is scheduled in mod(i, 10) = {0,2,4,6}, i={0,1,2,…,19}
· SSB slots: i=0
· TRS slots: i=10 and 11.
· CSI report is transmitted in slot#10n+10 to estimate precoder in slot#10n+11 (i.e., δ=1)
· Test equipment apply the estimated precoder in slot#10n+{15, 17, 18, 19, 21, 23}
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Issue 1-1-6: Test setup for FR1 TDD case of TypeII-Doppler-r18 codebook
Agreement:
· For FR1 TDD 30kHz SCS case, test setup is as below descriptions for the simulation of following Rel18 Doppler codebook vs random Type I single panel codebook:
· Scheduling pattern for TDD SCS=30kHz with the periodicity of 20ms (40 slots):
· Non-CSI slots: scheduled in mod(i, 10) = {5,6}, i={0,1,2,…,39}
· CSI slots: scheduled in mod(i, 10) = {0,1,2,3}, i={0,1,2,…,39}
· SSB slots: i=0
· TRS slots: i=20 and 21. 
· CSI report is transmitted in slot#10n+9 to estimate precoder in slot#10n+10 (i.e., δ=1)
· Test equipment apply the estimated precoder in slot#10n+{15, 16}
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Accordingly, we proceed the third round of simulation and related simulation results are provided in our companion contribution [7]. Based on our simulation results, we share our opinions on the open issues of TypeII-Dopper-r18 codebook.
Propagation channel
From our RAN4 link level simulation results in last RAN4#110bis 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 both TDLA30-20 and 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 both TDLA30-20 and TDLA30-30. However, related simulation results in RAN4#110bis were based on CSI periodicity 8ms. In last RAN4#110bis meeting, companies agreed to use N4=1 and CSI periodicity as 10ms for TypeII-Dopper-r18 codebook. Therefore, new simulation campagin based on below options are agreed.
	Issue 1-1-1: Propagation channel for both FDD and TDD cases
For Rel18 Doppler codebook requirements, decide the propagation channel from below options based on the updated simulation results on the May meeting
For FR1 FDD: 
· Option 1: TDLA30-30
· Option 2: TDLA30-20
For FR1 TDD: 
· Option 1: TDLA30-20
· Option 2: TDLA30-10



According our simulation results in [7], for FR1 FDD, compared with TDLA30-30, the results of TDLA30-20 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 TDLA30-20 and TDLA30-30 with MCS13 and N4=1 cases 
	case
	Rel-16 Type II 
	Rel-18 Doppler N4=1

	2Rx
	TDLA30-20
	2.35
	2.69

	
	TDLA30-30
	2.37
	2.30

	4Rx
	TDLA30-20
	3.38
	3.94

	
	TDLA30-30
	3.33
	3.31


Proposal 1: For FR1 FDD, use TDLA30-20 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.

Firstly, according our simulation results in [7] as below Table 2-2, for FR1 TDD, compared with TDLA30-30 and TDLA30-20, the results of TDLA30-10 show higher absolute test metric  value. However, this higher absolute test metric  value comes from the lower SNR working point, which is much lower than FR1 FDD case (the main reason for this phenomenon may be caused by shorter time duration between CSI-RS time slot and PMI apply time slot). And if we calculate the relative test metric TypeII-Doppler-r18 codebook vs Rel-16 Type II codebook, TDLA30-30 is better than TDLA30-10.
Table 2-2. Test metric  for FR1 TDD, TDLA30-10, TDLA30-20 and TDLA30-30 with MCS13 cases 
	case
	Rel-16 Type II 
(absolute test metric)
	Rel-18 Doppler N4=1
(absolute test metric)
	Rel-18 Doppler vs Rel-16 Type II

	2Rx
	TDLA30-10
	20.74
	26.45
	1.27

	
	TDLA30-20
	7.86
	16.42
	2.09

	
	TDLA30-30
	3.50
	7.34
	2.10

	4Rx
	TDLA30-10
	22.50
	28.91
	1.28

	
	TDLA30-20
	10.47
	17.26
	1.65

	
	TDLA30-30
	5.42
	10.12
	1.87



Secondly, our current agreements about the Test setup for FR1 FDD case and FR1 TDD case require different channel coherence times. For FR1 FDD case, the channel coherence time should be no less than 24ms (from slot#0 to slot#23), while for FR1 TDD case, the channel coherence time should be no less than 8.5ms (from slot#0 to slot#16).  The channel coherence time, which is inversely proportional to the maximum Doppler shift  as. Hence narrower channel coherence time should correspond to higher Doppler shift. Therefore, for FR1 TDD case, a higher Doppler shift value than FR1 FDD case is suitable. 
Observation 1: The agreements about the Test setup for FR1 FDD case and FR1 TDD case require different channel coherence times. For FR1 FDD case, the channel coherence time should be no less than 24ms (from slot#0 to slot#23), while for FR1 TDD case, the channel coherence time should be no less than 8.5ms (from slot#0 to slot#16).  The channel coherence time, which is inversely proportional to the maximum Doppler shift  as. Hence FR1 TDD case should use a higher Doppler shift value than FR1 FDD case.
Proposal 2: For FR1 TDD, use TDLA30-30 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.

Test metric of TypeII-Doppler-r18 codebook
According our simulation results in Table 2-1 and Table 2-2, and considering non-ideal factors, we propose to use 2.4 for FR1 FDD 2Rx case, 3.4 for FR1 FDD 4Rx case, 3.6 for FR1 TDD 2Rx case, 5.6 for FR1 TDD 4Rx case as the test metric of PMI reporting requirements.
Proposal 3: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 90% of the maximum throughput) about 2.4 for 2Rx case, and 3.4 for 4Rx case.
Proposal 4: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 90% of the maximum throughput) about 3.6 for 2Rx case, and 5.6 for 4Rx case.

Timing mismatch between the prediction reference and precoder usage in PDSCH transmission
In last RAN4#110bis meeting, some companies mentioned a timing mismatch issue between the predicted precoder(s) slots and the DL signal slots which apply the predicted precoder(s). For example, the agreed test setup and simulation assupmtions of FR1 FDD case as below Figure 2-1, the predicted precoder is for slot#11, while the predicted precoder is applied from slot#14 to slot#23.
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Figure 2-1 FR1 FDD test setup and simulation assumptions
Based on the definations in RAN1 as below, the slot offset  impact the start slot of N4 predicted precoder(s), and it has three options, the maximum value is 2. At the same time, the value of N4 is flexible according to UE capability. 
3GPP 38.214 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. If the UE is configured with an aperiodic CSI-RS resource set for channel measurement, the value, in number of slots, of the time unit  is configured by higher layer parameter d, where  is defined in Clause 5.2.1.4.1. If the UE is configured with a periodic or semi-persistent CSI-RS resource set for channel measurement, the value of  is equal to the periodicity of the CSI-RS resource. The earliest of the  slot intervals starts at slot , where  is the uplink slot in which the CSI is reported and the slot offset  is configured by higher layer parameter delta, where  defined in Clause 5.2.2.5 and the value  can be configured subject to UE capability.


Therefore, one solution is to configure the maximum  value and maximum N4 value, which could benefit for solving the timing mismatch problem of this FR1 FDD case as below Figure 2-2.
[image: ]
Figure 2-2 FR1 FDD test setup and s
Observation 2: Configure the maximum  value and maximum N4 value could benefit for solving the timing mismatch problem between the prediction reference and precoder usage in PDSCH transmission.

Meanwhile, RAN1 has already discussed the higher  value options in RAN1#110bis-e, RAN1#111 and RAN1#112 meetings. The  value options are narrowed down from {0, 1, 2, 3, 4, 5, 6, 8} to {0, 1, 2} through rounds of discussions. The agreements of each round discussion are as below.
In RAN1#110bis-e [8]
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, study the supported value(s) for δ and WCSI from (but not limited to) the following candidates, in conjunction with the supported values of N4 and DD units:
· δ (slots): {0, 1, 2, 3, 4, 6, 8}, or a subset thereof with at least two values including 0, or a single fixed value (e.g. 0 or 1) 
· WCSI (slots): 1, N4, following periodicity of P/SP-CSI-RS or SP-CSI (e.g., 4, 5, 8, 10, 16, 20, 40),  (d=DD unit size in slots, N4 is unit-less)
FFS: Dependence on sub-carrier spacing should also be studied



In RAN1#111 [9]
	Round 0 discussion conclusion
Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· 2 additional non-zero values of parameter δ are supported
· FFS: the non-zero value(s), to be selected from 1, 2, 3, 4, 5, 6, and 8
Round 1 discussion conclusion
Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), support the additional value of 2.
· FFS (by RAN1#112): For the last supported additional value, down select between 1, 3, 4, and 5



In RAN1#112 [10]
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In RAN1#112 [11]
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), in addition to 0 and 2, δ=1 is additionally supported.



Observation 3: RAN1 has already discussed the higher δ value options in RAN1#110bis-e, RAN1#111 and RAN1#112 meetings. The δ value options are narrowed down from {0, 1, 2, 3, 4, 5, 6, 8} to {0, 1, 2} through rounds of discussions. The agreements of each round discussion are as below.
Hence, we think the timing mismatch problem between the prediction reference and precoder usage in PDSCH transmission could be solved and no need to send LS to RAN1 and RAN2.
Proposal 5: No need to send LS to RAN1 and RAN2 as the timing mismatch problem between the prediction reference and precoder usage in PDSCH transmission could be solved.
3. TypeII-CJT-r18
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 [5]. About the test setups and simulation assumptions, all the open issues about test setups and simulation assumptions for TypeII-CJT-r18 codebook are agreed in last RAN4#110bis meeting [6]. Currently, only one open issue about test metric value is left for the PMI reporting requirements of TypeII-CJT-r18.

Test metric of TypeII-CJT-r18 codebook
Based on the simulation results in [7], and considering the impairments, for paramCombination-CJT-L-r18 = 7 and paramCombination-CJT-r18 = 4 configuration with MCS20 and RI Restriction as 00000010, the proposed test metric   at 90% of the maximum TP, could be summarized as below Table 3-1. 
Table 3-1. Proposed Test metric  for FR1 FDD cases
	MCS
	Rx
	
	

	MCS20
	2 Rx
	9.1
	2.3

	
	4 Rx
	6.8
	2.3


 
Proposal 6: For FR1 FDD, introduce PMI reporting requirements for TypeII-CJT-r18 codebook with the test metric  at 90% of the maximum TP as 2.3 for both 2Rx and 4Rx cases.
4. 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: For FR1 FDD, use TDLA30-20 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.
Observation 1: The agreements about the Test setup for FR1 FDD case and FR1 TDD case require different channel coherence times. For FR1 FDD case, the channel coherence time should be no less than 24ms (from slot#0 to slot#23), while for FR1 TDD case, the channel coherence time should be no less than 8.5ms (from slot#0 to slot#16).  The channel coherence time, which is inversely proportional to the maximum Doppler shift  as. Hence FR1 TDD case should use a higher Doppler shift value than FR1 FDD case.
Proposal 2: For FR1 TDD, use TDLA30-30 as the propagation channel for the test assumption of TypeII-Doppler-r18 codebook.
Proposal 3: For FR1 FDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 90% of the maximum throughput) about 2.4 for 2Rx case, and 3.4 for 4Rx case.
Proposal 4: For FR1 TDD, introduce PMI reporting requirements for TypeII-Doppler-r18 codebook with test metric  (using 90% of the maximum throughput) about 3.6 for 2Rx case, and 5.6 for 4Rx case.
Observation 2: Configure the maximum  value and maximum N4 value could benefit for solving the timing mismatch problem between the prediction reference and precoder usage in PDSCH transmission.
Observation 3: RAN1 has already discussed the higher δ value options in RAN1#110bis-e, RAN1#111 and RAN1#112 meetings. The δ value options are narrowed down from {0, 1, 2, 3, 4, 5, 6, 8} to {0, 1, 2} through rounds of discussions. The agreements of each round discussion are as below.
Proposal 5: No need to send LS to RAN1 and RAN2 as the timing mismatch problem between the prediction reference and precoder usage in PDSCH transmission could be solved.
Proposal 6: For FR1 FDD, introduce PMI reporting requirements for TypeII-CJT-r18 codebook with the test metric  at 90% of the maximum TP as 2.3 for both 2Rx and 4Rx cases.
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