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Introduction
In RAN4#109 the following main agreements were made on the topic of MIMO evolution:
· TDCP: Not to introduce CSI requirements for TDCP measurement.
· Rel-18 DMRS: 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.
The following we will provide Nokia’s view on the remaining open issues as well as make observations and proposals where needed.

Discussion
General Scope
Clarify criteria of feasibility and test metric for PMI reporting requirements with ‘typeII-Doppler-r18’ codebook
In RAN4#109 the criteria of feasibility and the test metric for PMI requirements in Type II-Doppler R18 were discussed and the following agreements were obtained as a result: 
	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. 




Recap of our view in previous contributions
Regarding the test metric as defined in current agreements the first point is that for a random PMI, the Doppler spread should not have strong impacts in results. In contrast for Type II-Doppler Rel 18 and also Rel. 16 eType II would certainly be affected by Doppler spread, as Doppler spread has an impact on the CSI aging. Then, it is necessary to determine the plausible channel conditions in which the Type II Doppler Rel 18 may reasonably outperform the random PMI precoder in a test. Therefore, the test metric should be defined for specific values of Doppler spread in which the CSI prediction feature might be properly exploited for the respective TDLA model. As seen in Figure 1 and without loss of generality for different setups with other CSI parameters, different UE speeds using the same prediction scheme and CSI setup may produce different throughput gains with respect to Rel 16 eType II using a Zero order hold (ZoH) configuration for N4 points in time in between 2 CSI updates with a separation . Notice that for a given CSI setup for the Type II-Doppler R18 and assuming the same CSI prediction scheme there is an optimal speed in which the gain is maximized.
For the specific example from Figure 1 with , P/CSI-RS this optimal speed corresponds to 20km/h. With lower speeds the CSI prediction might not be justifiable as ZoH might be enough to cope with CSI aging, whereas for higher speed at some point the CSI prediction might collapse due to large Doppler spread and low time of coherence. We must notice that in the SLS simulation provided in Figure 1 the CSI prediction for Rel 18 Type II Doppler requires a dense CSI-RS each 5ms to have a CSI update every 20ms, whereas Rel 16 eTypeII is supported on a CSI-RS and CSI update with 20ms intervals. So the CSI-RS configuration is certainly different between the two compared schemes, i.e. Rel 18 Type II Doppler and Rel 16 eType II. Increasing the CSI-RS density and CSI update to 5ms intervals in order to have the same CSI-RS setup would imply an increase on bit overhead for Rel 16 eTypeII proportional to the value of N4. So by having changed this in order to have the same CSI-RS setup, we have changed the CSI refreshement capabilities for Rel 16 eType II in a way which would enable to report N4 PMIs without Time Domain/Doppler compression losses contrary to Type II Doppler Rel 18. This situation is unfair for Rel 18 Type II Doppler, which would have losses from CSI prediction and Time Domain/Doppler compression, whereas Rel 16 eType II with dense CSI-RS would not face such issues. 
We have provided a specific example where , P/CSI-RS , resulting in an optimal speed corresponding to 20km/h. With lower speeds the CSI prediction might not be justifiable as ZoH might be enough to cope with CSI aging, whereas for higher speed at some point the CSI prediction might collapse due to large Doppler spread and low time of coherence.
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[bookmark: _Ref149580070]Figure 1 Results with for  ()and   () with different UE speeds corresponding to 10, 20 and 30km/h.
Comparison Type II Rel 18 Doppler with Rel 16 eType II
As seen in Figure 2 if we want to compare Type II Rel 18 Doppler with Rel 16 eType II we have different ways to do it as depicted in Figure 2:
· Firstly we have the case under test a) as seen in the diagram which corresponds to Type II Rel 18 Doppler with a burst of K AP-CSI-RS with a separation of m slots to predict N4 PMI separated d=m slots. Then, we may have a first comparison case in which Rel. 16 eType II could be updated with spacing m slots as illustrated in b).
· As already mentioned, the problem with case b) is that we enable the increase of bit overhead N4 times and dense CSI-RS which allows having a more accurate CSI update for Rel. 16 eType II to better tackle CSI aging. This constrast with Type II Rel 18 Doppler, which is handling the CSI aging with prediction and reducing the bit overhead with Time Domain/Doppler compression. Both prediction and compression are not exempt of adding losses in the CSI outcome as these procedures are not ideal and they introduce errors in the final reported CSI. Type II Rel 18 Doppler in such circumstances might be likely to be outperformed by Rel 16 eType II which is able to measure CSI and update more often and accurately.
· Another alternative is c) in which a single measurement is done every mN4 slots and the CSI report from Rel 16 eType II is used based on a ZoH, i.e. reuse and repeat the initial CSI measurement for the multiple N4 PMIs to report. However, this approach might also be seen as unfair as Rel 16 eType II uses K=1 measurements vs. K=4 measurements, which is not exactly the same CSI-RS setup as discussed in the agreement.
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[bookmark: _Ref158152883]Figure 2 different schemes of CSI measurement and reporting for comparing Rel. 18 Type II Doppler with Rel. 16 eType II a) Rel 18 Type II Doppler with K aperiodic signals separated by m slots to predict a Window Wcsi=dN4 with d=m b) Rel 16 eType II assuming several CSI-RS measurements separated by m slots c) Rel 16 eType II with a single measurement and ZoH assuming a separation of m=d slots.
This leads us to the following observations:
Type II Rel 18 Doppler and Rel eType II comparisons may have some additional consideration to take into account. Increasing CSI-RS density for Rel 16 eType II might give as a result that Rel 16 eType II outperform Type II Doppler Rel. 18 as it might better tackle CSI aging due to a more frequent PMI update. 
Using a single measurement for Rel 16 eType II might be seen as unfair because we would be comparing a scheme with K=1 i.e. Rel 16 eType II vs. a scheme supported on K=4 AP-CSI-RS signals to enable CSI prediction. This implies in our view a violation of the agreements as CSI-RS configurations should be same for both approaches.
As it is currently not clear which configuration secures the comparison is most optimal, we propose the following:
Further study the mechanism of comparison between Type II Doppler Rel. 18 and Rel. 16 eType II in order to have a fair CSI-RS setup.
As we have discussed above, we see it possible to find an optimal configuration where it is certain that UE throughput with ‘typeII-Doppler-r18’ codebook could outperform both Rel-16 Type II codebook and random precoding based on Single Panel Type I codebook with the same CSI-RS configurations and medium/high UE speed.
The leads us to the following proposal:
Continue using option 1, i.e., Type II Doppler Rel. 18 vs. Rel. 15 Type I random PMI as the current option for carrying out PMI requirement tests.

Clarify if PMI reporting requirements are needed for ‘typeII-CJT-r18’ codebook
	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.




Rel-18 targets a possible extension of Type-II CSI reporting to coherent joint transmission (CJT) from up to 4 distributed remote radio heads (RRH) or TRPs, in FDD operation in FR1. Supporting Type II codebooks in multi-TRP transmission can boost cell throughput performance in cells with large number of users and distributed RRH or multi-TRP deployments with ideal backhaul. 
The main difference going from NCJT to CJT is that all TRPs will transmit the same layers, hence improve the UE joint detection. Using a minimum setup of 2 TRPs will be enough to define minimum requirements. 
Performance gains with PMI reporting requirements for 'typeII-CJT-r18' (FR1 FDD) could significantly enhance system efficiency and spectral utilization. 
Defining random PMI on a multi-TRP (mTRP) system involves considerations regarding the correlation between PMI values across different TRPs and their impact on system performance. Three primary approaches can be considered: using random uncorrelated precoding between TRPs, preventing TRPs from choosing the same beams, or following the multi-panel case i.e. choose precoding matrixes as for one bigger SP.
Possibility in random PMI precoding TRPs to choose the same precoding matrixes can lead to unexpected performance degradation this behavior should be avoided or at least considered when accessing the Test metric defined as .
RAN4 to clarify how to approach random PMI precoding in mTRP case for Test metric defined as .
Option 1: all TRPs use uncorrelated random type I SP precoding
Option 2: TRPs coordinatively choose different random type I SP precoding
Option 3: TRPs coordinatively choose parts of a random type I SP codebooks or MP codebook
RAN4 to choose a Test metric defined as  after clarifying random precoding specifics for mTRP scenarios.

Initial simulation assumptions for TypeII Doppler
For the initial simulation assumptions for TypeII Doppler the following was agreed in RAN4#109:

[bookmark: _Ref156216890]Table 1 Agreed simulation parameters for TypeII Doppler feasibility study
	Parameter
	Value

	Propagation channel
	TDLA30-30, TDLA30-50 and TDLA30-100 as starting point

	Correlation configuration
	16 Tx with XP Medium

	N1, N2, O1, O2 and the number of CSI-RS ports
	16Tx with (N1, N2) = (4, 2), (O1, O2) = (4, 4)

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

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

	N4 configuration
	N4=1 and N4=4 (FDD is first priority)

	CSI-RS configuration
	Aperiodic CSI-RS with 2 slots separation, [with 8ms CSI request triggering periodicity]

	K (number of NZP CSI-RS resources)
	K=4 as a starting point

	m (separation between two consecutive CSI-RS resources)
	2 for N4=4

	d (DD unit duration (in slots)
	2 for N4=4

	delta (slot associated with CSI report)
	1

	MCS
	MCS13 (16QAM, 0.48) as starting point

	
	

	Channel bandwidth and subcarrier spacing
	For FDD, 10MHz/15kHz
For TDD, 40MHz/30kHz

	TDD DL-UL configuration
	FR1.30-1 as specified in 38.101-4 Annex A.

	Number of UE receiver antennas
	2 and 4

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

	Other Test parameters not mentioned above
	For FDD 2Rx, Table 6.3.2.1.6-1 in 38.101-4
For TDD 2Rx, Table 6.3.2.2.6-1 in 38.101-4
For FDD 4Rx, Table 6.3.3.1.6-1 in 38.101-4
For TDD 4Rx, Table 6.3.3.2.6-1 in 38.101-4



Based on the agreed simulation parameters for TypeII Doppler given in Table 1, and under the assumption that feasibility is shown by companies simulation results we see no need currently to change the previous agreements for simulations parameter. The main point with CSI prediction and Type II-Doppler R18 is actually to find a good compromise between the channel conditions and the CSI setup in order to have reasonable gain from the CSI prediction and the Doppler/Time domain compression. We may assume the CSI setup fixed and depending on the simulation results revisit in further iterations the propagation channel parameters for the TDLA model particularly focusing on the attainable gain for different Doppler spreads. Clearly the performance of the CSI prediction highly depends on Doppler spread as this is an indication of time domain channel variability.
For low Doppler spread, CSI prediction might not give enough gain, whereas for high Doppler spread the CSI prediction cannot cope with the channel variability. New values with lower or higher Doppler spread can be tried out in further iterations.
As the CSI setup has been defined in previous agreements and the test metric highly depends on the characteristics of TDLA model in which respect to Doppler Spread, new values of Doppler Spread might appear as a result of the test refinement.
 Keep the CSI setup fixed and rather focus on finding the TDLA channel model characteristic in which the results of the test metric provide a reasonable output for enabling PMI requirement definition.

Initial simulation assumptions for TypeII for CJT
For the initial simulation assumptions for TypeII for CJT the following was agreed in RAN4#109:
Table 2 Agreed simulation parameters for TypeII CJT feasibility study
	Parameter
	Value

	Propagation channel
	TDLA30-10

	Correlation
	XP High

	K (numberOfCSI-RS-Resources)
	2

	#TRPs (Number of TRPs)
	2

	restrictedCMR-Selection
	N=NTRP

	N1, N2, O1, O2 and the number of CSI-RS ports
	PCSI-RS=8 CSI-RS ports per TRP 
(N1, N2) = (4, 1), (O1, O2) = (4, 1) as starting point

	paramCombination-CJT-L-r18
	Option 1: 7 ({4, 4}) 
Option 2: 4 ({2, 2})

	paramCombination-CJT-r18
	For paramCombination-CJT-L-r18:
4 (p_ν=1/4 and 1/8, β=1/2) or 7 (p_ν=1/2 and 1/2, β=1/2) For paramCombination-CJT-L-r18 = 4:
1 (p_ν=1/8, β=1/4)

	RI restriction (typeII-CJT-RI Restriction-r18)
	0001

	codebookMode
	Option 1: Set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
Option 2: Set codebookMode as Mode2 as a starting point, keep Mode1 as FFS until finish feasibility study with conclusions.


	Channel bandwidth and subcarrier spacing
	For FDD, 10MHz/15kHz

	TDD DL-UL configuration
	FR1.30-1 as specified in 38.101-4 Annex A.

	Number of UE receiver antennas
	2 and 4

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



The parameters above which still are not decided upon (i.e. options exist) are discussed in the following sections.

Propagation channel and correlation configuration
In RAN4#109 the propagation channel was agreed to be as indicated below (see [1]):
	Issue 2-2-1: Propagation channel and correlation configuration
Agreement:
· Use TDLA30-10 with XP high as the propagation channel and correlation configuration for Rel-18 TypeII for CJT test.
· Other options are not precluded




The existing requirements for Rel-17 NCJT PMI reporting is currently based on XP High (while in RAN1, Rel-18 typeII for CJT enhanced codebook performance estimation is based on 3Km/h), so using TDLA30-10 with XP high as the propagation channel and correlation configuration for Rel-18 TypeII for CJT test is a reasonable starting point. 
With reference to the existing requirements for Rel-17 NCJT PMI reporting, using TDLA30-10 with XP high as the propagation channel and correlation configuration is a reasonable starting point.
Use TDLA30-10 with XP high as the propagation channel and correlation configuration for Rel-18 TypeII for CJT test (option 1).

K (numberOfCSI-RS-Resources), NTRP (Number of TRPs), restrictedCMR-Selection, N1, N2, O1, O2 and the number of CSI-RS ports
	Issue 2-2-2: K (numberOfCSI-RS-Resources), NTRP (Number of TRPs) and restrictedCMR-Selection
Agreement:
· Set K=2 CSI-RS resources, NTRP=2 TRPs and configure parameter restrictedCMR-Selection to restrict the number of selected CSI-RS resources is N=NTRP for Rel-18 TypeII for CJT PMI test.
 
Issue 2-2-3: N1, N2, O1, O2 and the number of CSI-RS ports
Agreement:
· Set PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) as a starting point for Rel-18 TypeII for CJT PMI test.




Setting K=2 CSI-RS resources and NTRP=2 TRPs while configuring parameter restrictedCMR-Selection to restrict the number of selected CSI-RS resources to N=NTRP for Rel-18 TypeII for CJT PMI test simplifies the testing environment and aligns with practical deployment scenarios. This configuration enables focused evaluation and efficient resource utilization.
SD basis for Rel 18 Type II CJT is extended by allowing an independent basis for each TRP, each with 𝐿𝑛 beams. Legacy parameters for SD codebook definition, i.e., N1, N2, O1, and O2 for a given number of CSI-RS ports are reused as stated in 38.214 Table 5.2.2.2.1-2. The corresponding number of CSI-RS ports, PCSI-RS, is 2 × 𝑁1 × 𝑁2 for each of the NTRP CSI-RS resources.
Configuring PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) provides a balanced trade-off between signaling overhead and channel estimation accuracy, ensuring effective utilization of CSI-RS resources in multi-TRP environments.
Adopt the agreement to 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.

paramCombination-CJT-L-r18 and paramCombination-CJT-r18
In RAN4#109 two options for paramCombination-CJT-L-r18 as well as paramCombination-CJT-r18 were proposed but not further discussed (see [1]):
	Issue 2-2-4: paramCombination-CJT-L-r18
Way forward:
· Option 1: Set paramCombination-CJT-L-r18 as 7 ({4, 4}) 
· Option 2: Set paramCombination-CJT-L-r18 as 4 ({2, 2})
· Other options are not precluded
Issue 2-2-5: paramCombination-CJT-r18
Way forward:
· Option 1: Set paramCombination-CJT-r18 as 4 (,) or 7 (,) for paramCombination-CJT-L-r18 = 7 
· Option 2: Set paramCombination-CJT-r18 as 1 (,) for paramCombination-CJT-L-r18 = 4
· Other options are not precluded




RAN4 simplified the parametrization for selecting beams per TRP (Ln) by linking it with the corresponding values of (, β). It is possible to choose favoring combinations with lower Ln for a given number of TRPs (NTRP) due to reduced UE complexity. Performance testing suggests that NTRP = 2 leads to fewer Ln combinations. The selection of Ln-(, β) combinations aims for the best trade-off between average UPT and overhead, with a preference for combinations with fewer SD beams due to lower UE complexity when trade-offs are similar.
From the simulation results in our previous contributions [2], Ln = {4,4} (i.e., paramCombination-CJT-L-r18 = 7) achieved better average UPT gain and better cell edge UPT gain than Ln = {2,2} (i.e., paramCombination-CJT-L-r18 = 4).
Our simulation results in R4-2315917 show better average UPT gain and better cell edge UPT gain for Ln = {4,4} (i.e., paramCombination-CJT-L-r18 = 7) compared to Ln = {2,2} (i.e., paramCombination-CJT-L-r18 = 4).
Set paramCombination-CJT-L-r18 as 7 ({4, 4}) as a preliminary position for Rel-18 TypeII for CJT PMI test (Option 1- Issue 2-2-4).
Set paramCombination-CJT-r18 as 4 (,) or paramCombination-CJT-r18 as 7 (,) as a preliminary position for Rel-18 TypeII for CJT PMI test (Option 1- Issue 2-2-5).

codebookMode
	Issue 2-2-7: codebookMode
Way forward:
· Option 1: Set codebookMode as Mode2 for Rel-18 TypeII for CJT test.
· Option 2: Set codebookMode as Mode2 as a starting point, keep Mode1 as FFS until finish feasibility study with conclusions.




Our opinion has not changed. Mode2 has reduced bit overhead and we do not see any advantage with Mode1. Mode2 is a basic feature and with agreed assumptions of ideal synchronization, no frequency, and no timing offset Mode1 is not expected to show higher performance gains. With the mentioned assumptions advantages of Mode1 Mode2  are going to be shared between TRPs 
Setting codebookMode as Mode2 for Rel-18 TypeII for CJT test (Option 1) is preferred due to reduced bit overhead.
Set codebookMode as Mode2 for Rel-18 TypeII for CJT test (Option 1).

Test set-up and simulation assumptions for Rel-18 DMRS
In RAN4#109 the following was agreed on test setup and simulation assumptions for Rel-18 DMRS:
· Rel-18 DMRS configuration Type 1 with length 1
· both FDD and TDD
The following sections we will provide Nokia’s view on the remaining open issues.

DMRS ports
In RAN4#109 it was agreed which ports to use for rank1,2 and 3, however it is still open which ports to select in case of rank4 (see [1]):
	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 RAN4#109 one company noted that higher throughput can be achieved using option 2 from above, which will secure only one CDM group without data. Depending on simulation alignment it can be decided if option 1 or 2 from above will be most optimal for requirement definition.
We do at this point have any preference for the ports used if Rank 4 is selected (i.e., {1008-1011} or {1000, 1001, 1008, 1009}. Decision can be made based on aligned simulation results.

Number of Rx for tests need to be defined for Rel-18 DMRS
In RAN4#109 the number Rx ports defined for Rel-18 DRMS tests was discussed (see [1]):
	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




As discussed in RAN4#109 a limited number of test case(s) from legacy PDSCH can be re-used with a change to DMRS port configuration. To cover multiple layers, we see the need to introduce requirements for Rank 1+2+3+4.
To enable requirement definition of rank4. 4Rx is needed as minimum, however we are also fine with defining requirements with 2Rx in addition to 4Rx to cover UE supporting only rank 2.

To define requirements for rank4, 4Rx will be required as minimum. Introduction of requirements for rank1,2 can be done with 2Rx for covering both 2Rx and 4Rx capable UEs.
Define requirements for Rel-18 DMRS for both 2Rx and 4Rx.

Cases need to be defined for FR1 Rel-18 DMRS
In RAN4#109 different options for FR1 Rel-18 DMRS test cases were discussed (see [1]):
	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




In RAN4#109 it was agreed to define testcases for both FDD and TDD. We do not see a reason to differentiate between the testcasese for FDD and TDD, hence the same test configurations can be used for each mode (FDD / TDD) which is also what above options related to both FDD and TDD is showing. 
For testcases with FDD and TDD similar configurations can be used.
To maintain best test coverage, tests should be defined covering up to 4 layers.
To have full test coverage, test with 1,2,3 and 4 layers can be defined.
For defining requirements for both 2Rx and 4Rx we are fine to downselect to reduce the number of testcases but still ensure requirements are defined for both 2Rx and 2Rx.
If defining testcases for both 2Rx and 4Rx, then use (option 4)
- 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

Cases need to be defined for FR2-1 Rel-18 DMRS
In RAN4#109 different options for FR2.1 Rel-18 DMRS test cases were discussed (see [1]):
	Issue 2-3-6: Cases need to be defined for FR2-1 Rel-18 DMRS
Way forward:
· Option 1: define one test for each Rank 1, 2 with 2Rx
· Option 1A: Use Test 1-1 for Rank 1, Test 2-1 for Rank 2 in Chapter 7.2.2.2.1
· Other options are not precluded




For FR2-1, defining one test for each rank 1 and 2 with 2Rx will secure good coverage. Also, we see selecting a limited number of tests for Rel-18 DMRS to enough to cover UE support of Rel-18 DMRS in FR2-1. The exiting option 1A in in our view a good choice.
To secure UE functionality for Rel-18 DRMS in FR2-1, a subset of existing requirements can adapted to Rel-18 DMRS.
Use Test 1-1 for Rank 1, Test 2-1 for Rank 2 in Tables 7.2.2.2.1-3 and 7.2.2.2.1-4 (Option 1A)

Minimum requirements for tests need to be defined for Rel-18 DMRS
In RAN4#109 the minimum requirements for tests were discussed (see [1]):
	Issue 2-3-7: Minimum requirements for tests need to be defined for Rel-18 DMRS
Way forward:
· Option 1: reuse legacy value
· Option 2: new value according simulation results
· Other options are not precluded




As only a few companies provided simulation results in RAN4#109, we see it important to first do simulation alignment on results provided in RAN4#110 before taking the decision on which minimum requirements to define for Rel-18 DMRS.
In RAN4#109 there were not enough provided results to align, hence decision on using legacy values or new values according to simulation results cannot be made based on the provided results from RAN4#109.
If simulation alignment is concluded based on results from RAN4#110, define new Rel-18 DMRS requirements with new values according to the aligned simulation results (option 2).

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]We have presented Nokia's view on the open issues with relation to the general aspects for MultiRx Demodulation performance.

We have the following observations and proposals:
Clarify criteria of feasibility and test metric for PMI reporting requirements with ‘typeII-Doppler-r18’ codebook
1. We have provided a specific example where , P/CSI-RS , resulting in an optimal speed corresponding to 20km/h. With lower speeds the CSI prediction might not be justifiable as ZoH might be enough to cope with CSI aging, whereas for higher speed at some point the CSI prediction might collapse due to large Doppler spread and low time of coherence.
1. Type II Rel 18 Doppler and Rel eType II comparisons may have some additional consideration to take into account. Increasing CSI-RS density for Rel 16 eType II might give as a result that Rel 16 eType II outperform Type II Doppler Rel. 18 as it might better tackle CSI aging due to a more frequent PMI update. 
1. Using a single measurement for Rel 16 eType II might be seen as unfair because we would be comparing a scheme with K=1 i.e. Rel 16 eType II vs. a scheme supported on K=4 AP-CSI-RS signals to enable CSI prediction. This implies in our view a violation of the agreements as CSI-RS configurations should be same for both approaches.
1. Further study the mechanism of comparison between Type II Doppler Rel. 18 and Rel. 16 eType II in order to have a fair CSI-RS setup.
Continue using option 1, i.e., Type II Doppler Rel. 18 vs. Rel. 15 Type I random PMI as the current option for carrying out PMI requirement tests.

Clarify if PMI reporting requirements are needed for ‘typeII-CJT-r18’ codebook
Possibility in random PMI precoding TRPs to choose the same precoding matrixes can lead to unexpected performance degradation this behavior should be avoided or at least considered when accessing the Test metric defined as .
RAN4 to clarify how to approach random PMI precoding in mTRP case for Test metric defined as .
Option 1: all TRPs use uncorrelated random type I SP precoding
Option 2: TRPs coordinatively choose different random type I SP precoding
Option 3: TRPs coordinatively choose parts of a random type I SP codebooks or MP codebook
RAN4 to choose a Test metric defined as  after clarifying random precoding with mTRPs.

Initial simulation assumptions for TypeII Doppler
As the CSI setup has been defined in previous agreements and the test metric highly depends on the characteristics of TDLA model in which respect to Doppler Spread, new values of Doppler Spread might appear as a result of the test refinement.
 Keep the CSI setup fixed and rather focus on finding the TDLA channel model characteristic in which the results of the test metric provide a reasonable output for enabling PMI requirement definition.

Initial simulation assumptions for TypeII for CJT
Propagation channel and correlation configuration
With reference to the existing requirements for Rel-17 NCJT PMI reporting, using TDLA30-10 with XP high as the propagation channel and correlation configuration is a reasonable starting point.
Use TDLA30-10 with XP high as the propagation channel and correlation configuration for Rel-18 TypeII for CJT test (option 1).

K (numberOfCSI-RS-Resources), NTRP (Number of TRPs), restrictedCMR-Selection, N1, N2, O1, O2 and the number of CSI-RS ports
Setting K=2 CSI-RS resources and NTRP=2 TRPs while configuring parameter restrictedCMR-Selection to restrict the number of selected CSI-RS resources to N=NTRP for Rel-18 TypeII for CJT PMI test simplifies the testing environment and aligns with practical deployment scenarios. This configuration enables focused evaluation and efficient resource utilization.
Configuring PCSI-RS=8 CSI-RS ports per TRP with (N1, N2) = (4, 1), (O1, O2) = (4, 1) provides a balanced trade-off between signaling overhead and channel estimation accuracy, ensuring effective utilization of CSI-RS resources in multi-TRP environments.
Adopt the agreement to 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.

paramCombination-CJT-L-r18 and paramCombination-CJT-r18
Our simulation results in R4-2315917 show better average UPT gain and better cell edge UPT gain for Ln = {4,4} (i.e., paramCombination-CJT-L-r18 = 7) compared to Ln = {2,2} (i.e., paramCombination-CJT-L-r18 = 4).
Set paramCombination-CJT-L-r18 as 7 ({4, 4}) as a preliminary position for Rel-18 TypeII for CJT PMI test (Option 1- Issue 2-2-4).
Set paramCombination-CJT-r18 as 4 (,) or paramCombination-CJT-r18 as 7 (,) as a preliminary position for Rel-18 TypeII for CJT PMI test (Option 1- Issue 2-2-5).

codebookMode
Setting codebookMode as Mode2 for Rel-18 TypeII for CJT test (Option 1) is preferred due to reduced bit overhead.
Set codebookMode as Mode2 for Rel-18 TypeII for CJT test (Option 1).

Test set-up and simulation assumptions for Rel-18 DMRS
DMRS ports
We do at this point have any preference for the ports used if Rank 4 is selected (i.e., {1008-1011} or {1000, 1001, 1008, 1009}. Decision can be made based on aligned simulation results.

Number of Rx for tests need to be defined for Rel-18 DMRS
To define requirements for rank4, 4Rx will be required as minimum. Introduction of requirements for rank1,2 can be done with 2Rx for covering both 2Rx and 4Rx capable UEs.
Define requirements for Rel-18 DMRS for both 2Rx and 4Rx.

Cases need to be defined for FR1 Rel-18 DMRS
For testcases with FDD and TDD similar configurations can be used.
To have full test coverage, test with 1,2,3 and 4 layers can be defined.
If defining testcases for both 2Rx and 4Rx, then use (option 4)
- 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

Cases need to be defined for FR2-1 Rel-18 DMRS
To secure UE functionality for Rel-18 DRMS in FR2-1, a subset of existing requirements can adapted to Rel-18 DMRS.
Use Test 1-1 for Rank 1, Test 2-1 for Rank 2 in Tables 7.2.2.2.1-3 and 7.2.2.2.1-4 (Option 1A)

Minimum requirements for tests need to be defined for Rel-18 DMRS
In RAN4#109 there were not enough provided results to align, hence decision on using legacy values or new values according to simulation results cannot be made based on the provided results from RAN4#109.
If simulation alignment is concluded based on results from RAN4#110, define new Rel-18 DMRS requirements with new values according to the aligned simulation results (option 2).
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