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Introduction
During the RAN4#108bis discussions, good progress was made on the topic of MIMO Evolution demodulation performance and CSI requirements. It was decided to further study the following:
· Feasibility of introducing PMI reporting requirements with ‘typeII-Doppler-r18’ (FR1 only).
· CSI requirements for TDCP measurement
· Feasibility of introducing PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only)
In addition, it was decided to introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario.
In the following, we would provide Nokia’s viewpoint on the remaining open issues and introduce new proposals where needed.

Scope of UE demodulation performance and CSI requirements
[bookmark: _Ref149767901]Clarify if CSI requirements are needed for codebook enhancement for UE predicted PMI
In RAN4#108bis the required PMI metric for Rel. 18 Doppler TypeII was discussed (see [1]). The issue as discussed is the following:
“For PMI reporting tests with Type II codebook for predicted PMI, use the test metric defined as  as the starting point, where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding.”
	 Issue 1-1-1: clarify if CSI requirements are needed for codebook enhancement for UE predicted PMI
Agreement:
· Study the feasibility of introducing PMI reporting requirements with ‘typeII-Doppler-r18’ (FR1 only).
· FFS for test metric
· FFS for simulation assumptions




We do not have any objections in the legacy metric which sounds reasonable for this type of PMI as it is the same used for Rel 16 enhanced Type II. This latter can be extended for N4>1 PMIs. Moreover, we think that in order to have a fair study of the whole Rel. 18 Doppler TypeII PMI feature, a value N4>1 is necessary in order to test both the CSI prediction and compression in a single test. Preferably we would choose N4=4. Moreover, we think also that a setup considering P-CSI-RS with 5 slots and offset 1 slot is a good starting point and a reasonable setup in term of radio resource utilization of the network. Based on the illustration diagram for P-CSI-RS as shown in Figure 1, the separation between predicted PMI it would also be given by d=5 slots and with N4=4 with  slots.
[image: ]
[bookmark: _Ref149827311]Figure 1 Illustration of the P/SP-CSI-RS support for CSI prediction and Doppler/Time domain compression
In order to obtain some significant measurable performance, we would need to have a functional CSI prediction. This depends on a great extent of the channel variability which cannot be excessively fluctuating with respect to the measured CSI-RS input periodicity. A further study of the correct Doppler spread settings is required to may have a scenario in which a conventional CSI prediction may correctly track the channel dynamics. For instance, it is proposed in [4] a channel TDLA30-100 with 100Hz Doppler frequency which is equivalent to 30km/h UE speed. We would be open to use 100Hz as starting point, however maybe an even lower Doppler frequency would be recommended to match with even lower speeds, for instance 20km/h, in which gain is much higher as we previously shown in [2]. 
As seen in Figure 2 , we notice that for the described configuration with N4=4 and P-CSI-RS with 5 slots the gain at 20km/h are significantly higher compared to 10km/h or 30km/h with similar settings. The gains are compared with respect to Rel. 16 enhanced Type II with a Zero-order hold (ZoH) approach in which a single PMI is reused for each of the N4 PMI ahead. The results are consistently logic as there must be an optimal operational point in which the CSI prediction is substantially better with respect to ZoH; in other words, if the UE is at a very low speed there is no significant difference to use CSI prediction, whereas at very high speed, the CSI prediction might not anymore be reliable. For such a reason we would like to propose this setup with a very conservative set of parameters.
[image: ] 
[bookmark: _Ref149580070]Figure 2 Results with for  ()and   () with different UE speeds corresponding to 10, 20 and 30km/h.
The existing metric of gamma can be considered as starting point as it is the same used for Rel 16 enhanced Type II. This latter can be extended for N4>1 PMIs.
Define CSI requirements are needed for codebook enhancement for UE predicted PMI using  as the starting point with N4=4, and P-CSI-RS 5 slots and offset 1 slot, FFS adequate Doppler spread characteristics for the chosen propagation channel. Use speed of ~20km/h as starting point.

Clarify if demodulation or CSI requirements are needed for TDCP
In RAN4#108bis it was agreed to not introduce PDSCH demodulation requirements for TDCP. For CSI requirements it was agreed to wait for the outcome from RRM.
	 Issue 1-1-2: clarify if demodulation or CSI requirements are needed for TDCP
Agreement:
· Do not introduce PDSCH demodulation requirements for TDCP measurement.
· FFS on CSI requirements for TDCP measurement



As argued in our contribution for RAN4#108bis, none of the existing requirement types in 38.101-4 are relevant for TDCP, hence a new type of CSI requirement would need to be introduced for accuracy reporting for Time Domain Channel Properties (TDCP).
RRM did not decide in RAN4#108bis if RRM will introduce requirements for TDCP accuracy reporting. As discussed in RAN4#108bis, the question to introduce CSI requirements for TDCP accuracy reporting would depend on RRM decision.
A new type of CSI requirement would need to be introduced for accuracy reporting for Time Domain Channel Properties (TDCP). RRM is still discussing to introduce such requirement.
Keep decision on defining new testcase and requirements for TDCP accuracy reporting FFS pending outcome of RRM feasibility study.

[bookmark: _Ref149851375]Clarify if CSI requirements are needed for codebook enhancement for CJT
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.
In RAN4#108bis the required PMI metric for Rel. 18 CJT TypeII was discussed (see [1]) as:
“For PMI reporting test with Type II codebook for CJT, the test metric is defined as , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding.”
 It was further agreed that “No demodulation requirements for codebook enhancement for CJT are needed.” [1]
	 Issue 1-1-4: clarify if CSI requirements are needed for codebook enhancement for CJT
Agreement:
· Study the feasibility of introducing PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only).
· Focus on 2TRP only
· FFS for test metric
· FFS for simulation assumptions




In our previous contribution for RAN4#108bis for resource setting & report quantity configuration, we note that each of the TRPs involved in the CJT corresponds to a set of (Non-Zero Power) NZP CSI-RS resources. The number of CSI-RS resources (i.e., the number of TRPs) can be set up with ∈ {1,2,3,4}. The PMI is therefore a combination of the channel state information of the multiple . In addition, regarding the Rank indicator (RI) for this scheme, we may have a rank indicator restriction, which is configured from the network side to limit the maximum rank to be reported by the UE. This is used to limit the resulting bit overhead of the CSI report (see RAN1 Agreement for Rel 18 Type II for CJT).
	Agreement (RAN1#109-e)
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· Opt1: 1 NZP CSI-RS resource, max # ports = 32
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)




Using the already existing test metric defined as  , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding, we see it feasible to introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only).
Introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only)

[bookmark: _Ref149215580]Clarify if demodulation requirements are needed for increased number of orthogonal DMRS ports
In RAN4#108bis it was agreed to introduce PDSCH demodulation requirements for Rel-18 DMRS using SU-MIMO scenario.
	 Issue 1-1-6: clarify if demodulation requirements are needed for increased number of orthogonal DMRS ports
Agreement:
· Introduce PDSCH demodulation requirements for Rel-18 enhanced DMRS for SU-MIMO scenario. Select limited case(s) from the legacy PDSCH cases to reuse the test configurations, but change the DRMS port configuration to configure the new defined DMRS ports for no more than 4 DMRS ports
· FFS for applicability rule to be defined that UE can skip the legacy case if UE has passed the case with the same configuration but using the new DMRS ports 
· Companies are encouraged to propose the test case(s) to be reused. 




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. The following legacy test cases can be reused from 38.101-4 section 5.2.3.1.1
Reuse the following testcases from 38.101-4 section 5.2.3.1.1 as starting point:
	Test num.
	Rank
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x4, ULA Low
	70
	TBD

	2-1
	2
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	TBD

	3-1
	3
	R.PDSCH.1-2.3 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	TBD

	4-1
	4
	R.PDSCH.1-2.4 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	TBD



Based on the simulation results, it can further be discussed if applicability rule is to be defined for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the new DMRS ports.
[bookmark: _Hlk149216783]Decision on introducing applicability rule for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the new DMRS ports can be done after simulation alignment is finalized.
FFS: decision to introducing applicability rule for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the new DMRS ports.

Test set-up and simulation assumptions for UE demodulation performance and CSI
Initial simulation assumptions for TypeII Doppler
Propagation channel and correlation configurations
In RAN4#108bis, the characteristics of the propagation channel were analysed. TDLA30 with 100 and 240Hz Doppler frequency were the discussed options (see [1]). 
	Issue 2-1-1: Propagation channel
Way forward:
· For channel model: TDLA30
· For maximum Doppler frequency: 
· Option 1: 240Hz
· Option 2: 100Hz
· Other options are not precluded




We would prefer the most conservative options with 100Hz which corresponds approximately to 30km/h. Higher UE speeds based on results from RAN 1 can maybe only be handled with AP-CSI-RS schemes in which the value  in between the K CSI-RS burst signals is small enough to handle the coherence time corresponding to such channel variability. We would be rather open to further discuss other TDLA channels with even more reduced Doppler frequencies and perform the test with P-CSI-RS for instance =5ms and reduced speeds, for instance 10-20km/h.
TDLA30 with 100Hz seems more reasonable than 240Hz Doppler frequencies. Nonetheless, even smaller Doppler frequencies to enable P-CSI-RS with 10-20km/h are also reasonable to be considered.
Use 100Hz as the maximum Doppler frequency (Option 1). FFS if lower doppler values are to be considered.

Moreover, in RAN4#108bis it was discussed which correlation configuration should be used (see [1]).
	Issue 2-1-2: Correlation configurations
Way forward:
· Option 1: XP Medium as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded




Considering that Rel 16 enhanced TypeII uses XP medium, we adhere to using XP Medium correlation configuration as starting point.
Considering that Rel 16 enhanced TypeII uses XP medium, Rel. 18 Doppler TypeII it seems reasonable to use similar configuration as starting point.
Use XP Medium as a starting point for Rel-18 TypeII Doppler PMI test (Option 1)

CSI codebook configuration
In RAN4#108bis the parameters for N1, N2, O1, O2 were discussed (see [1]).
	Issue 2-1-3: N1, N2, O1, O2 and the number of CSI-RS ports
Way forward:
· Option 1: Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for Rel-18 TypeII Doppler PMI test.
· Other options are not precluded



16 CSI-RS ports configuration is a good choice as it corresponds to the current PMI requirements for Rel. 16 enhanced Type II with (N1, N2) = (4, 2), (O1, O2) = (4, 4).
As a continuation of the PMI requirements for Rel 16 enhanced Type II, we see using 16 CSI-RS ports with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a good starting point. 
Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for Rel-18 TypeII Doppler PMI test (Option 1)
In addition, in RAN4#108bis some parameter combinations for Rel.18 Doppler TypeII PMI were discussed (see [1]). 
	Issue 2-1-4: paramCombination-Doppler-r18
Way forward:
· Option 1: Set paramCombination-Doppler-r18 as 7 (L=4, pυ=1/2, β=1/2) as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded




In our previous contribution (see [2]) we proposed to use the configuration  and   =1/4 and  i.e., paramCombination-Doppler-r18 =5. As seen in the Figure 3 with such a configuration and based on the ratio of throughput performance, 8% gain mean UPT and 25% gain cell edge UPT (i.e., performance points marked with the red dashed boxes), with respect to Rel. 16 enhanced Type II with ZoH, and with a bit overhead [2] ~330bits for max rank 2, this looks as the more reasonable alternative. The option proposed L=4, pυ=1/2, β=1/2 (paramCombination-Doppler-r18 =7) according to our results gave slightly better results (i.e., performance points marked with blue dashed boxes) while increasing the bit overhead above 450bits. We would prefer to stick to the option  and   =1/4 and  for having a more compact bit overhead.
[image: ]
[bookmark: _Ref149333505]Figure 3 UE mean and cell edge-UPT gain of Rel 18 Type-II-Doppler at 20km/h for a P-CSI-RS with ,  and  . The same parameter combinations of Rel-16 Type-II are used. Red labels show the overhead increase over Rel-16 Type-II
 and   =1/4 and  i.e., paramCombination-Doppler-r18 =5,  is more compact in terms of bit overhead than the option proposed L=4, pυ=1/2, β=1/2 (paramCombination-Doppler-r18 =7) which according to our results gave just slightly better results while largely increasing the bit overhead.
Use  and   =1/4 and , paramCombination-Doppler-r18 =5

Also, in RAN4#108bis additionally the required rank restriction for the PMI tests was discussed (see [1]).
	Issue 2-1-5: RI restriction (typeII-Doppler-RI‑Restriction-r18)
Way forward:
· Option 1: Set RI restriction as 0010 for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded



In our opinion the rank restriction 0010 is fine as starting point for the PMI requirements based on the fact that it was also the choice for Rel. 16 enhanced Type II.
Based on the fact that 0010 is the rank restriction for Rel. 16 enhanced Type II PMI tests, it is reasonable to use the same restriction for Rel. 18 TypeII Doppler 
Set RI restriction as 0010 for Rel-18 TypeII Doppler PMI test (Option 1)

Finally, in RAN4#108bis the value of N4 was also discussed (see [1]).
	Issue 2-1-6: N4 configuration
Way forward:
· Option 1: N4=4
· Option 2: N4=1
· Other options are not precluded



In our opinion, in order to better understand the PMI performance of the Rel. 18 Doppler TypeII, N4 should be N4>1, which requires not only to carry out the CSI prediction but also the Time/Doppler compression. By doing this, the PMI performance is studied at all its extent. Based on the provided options N4=4 is a reasonable option.
For reasonable PMI tests in which the CSI prediction and compression are under test, a value of N4>1 is necessary.
Set N4=4 (Option 1)

P/AP-CSI-RS Configuration
From the discussion of RAN4#108bis it is not clear if AP-CSI-RS and/or P-CSI-RS are to be used. As we see in the following sections, it is relevant for RAN4 to first discus using AP-CSI-RS and/or P-CSI-RS before further discussing details on related parameters.
We have a slight preference for using P-CSI-RS only due to the fact that P-CSI-RS is a scheme which is more prone to be implemented in real deployments with cell specific resources. In addition, considering that AP-CSI-RS requires the assignation of K CSI-RS resources for each triggered burst to each UE, it implies a large radio overhead in cases with multiple UE intending to receive data at the same time.
From the discussions of RAN4#108bis is not clear if we may use AP-CSI-RS and/or P-CSI-RS. Based on this we may choose further the related parameters.
We see P-CSI-RS as the best choice as it is more prone to be implemented in real deployments with cell specific resources and AP-CSI-RS have large radio overhead due to it requiring assignation of K CSI-RS resources for each triggered burst to each UE.
Focus on P-CSI-RS configuration for test setup and simulation assumptions.

In RAN4#108bis a discussion on the number of K NZP CSI-RS resources was carried out (see [1]).
	Issue 2-1-7: K (number of NZP CSI-RS resources)
Way forward:
· Option 1: Set K=4 as a starting point for Rel-18 TypeII Doppler PMI test. 
· Other options are not precluded



The proposal to use K=4 CSI-RS resources comes originally from [3][4], however it is not quite clear if the two proposal converge to a similar setup. In our opinion, to have a functional prediction, the value  slots, if we speak of AP-CSI-RS, must be also adequately defined to provide a reasonable CSI prediction quality. If we consider P-CSI-RS with for instance 5 slots it would require a number of historic CSI-RS measurement to have a reasonable predicted value, which might be defined for the PMI requirements.
The selection of parameter K (number of NZP CSI-RS resources) depends on deciding if focus should be on AP-CSI-RS or P-CSI-RS.
FFS the settings of parameter K (number of NZP CSI-RS resources) after deciding if focus should be on AP-CSI-RS or P-CSI-RS.

Moreover, in RAN4#108bis also the corresponding values of  and  were discussed (see [1]).
	Issue 2-1-8: m (separation between two consecutive CSI-RS resources) and d (DD unit duration (in slots)
Way forward:
· Depending on N4
· Option 1: For N4>1, set m and d as 2 as a starting point for Rel-18 TypeII Doppler PMI test.
· Other options are not precluded
· Note: Not configure m and d if N4=1



Similarly, to the choice of K, for choosing m and d we think is  more important if we define first whether the PMI requirements must be defined with P-CSI-RS and/or AP-CSI-RS schemes, particularly because K and m are key parameters of the AP-CSI-RS burst. If we speak of AP-CSI-RS  and  as 2 is a reasonable choice. On the other hand, we are more inclined to focus on P-CSI-RS only.
[bookmark: _Hlk149480732][bookmark: _Hlk149480763]The selection of parameters  and  depends on deciding if focus should be on AP-CSI-RS or P-CSI-RS. If we speak of AP-CSI-RS  and  as 2 seems a reasonable value. On the other hand, we are more inclined to focus on P-CSI-RS only.
FFS- further discuss the settings of these parameter after deciding if focus should be on AP-CSI_RS or P-CSI-RS.

Finally, in RAN4#108bis also parameters for specific periodic CSI-RS configuration were discussed (see [1]).
	Issue 2-1-11: CSI-RS configuration
Way forward:
· Option 1: Periodic with periodicity 5 slots and offset 1 slot
· Other options are not precluded



In this case we do not have any objections to use 5 slots and offset 1 slot. However, the characteristics of Doppler spread of the selected channel must be chosen in a way that N4>1 predicted PMIs would bring reasonable performance results.
If the channel parametrization and Doppler spread in particular must be set in a way that with N4>1 predicted PMIs would bring reasonable performance results, we are fine with P-CSI-RS with 5 slots.
For CSI-RS configuration use “Periodic with periodicity 5 slots and offset 1 slot” (option 1).

MCS
In RAN4#108bis also parameters for MCS settings were discussed (see [1]).
	Issue 2-1-10: MCS
Way forward:
· Option 1: MCS20 (64QAM, 0.55) 
· Other options are not precluded


Selecting MCS 20 (64QAM, 0.55) as starting point is reasonable as same MCS has been used as part of the legacy PMI requirement test for Rel. 16 enhanced Type II.
MCS20 has already been used as part of the legacy PMI requirements, hence we see it reasonable to use MCS 20 (64QAM, 0.55) as starting point.
Use MCS 20 (64QAM, 0.55)- (option 1) as the starting point. FFS: if other MCS are needed.

 Other parameters
In RAN4#108bis also the parameters for FDD/TDD settings were discussed. Moreover, the parameter R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) and the number of receiver antennas were also included in such a discussion (see [1]). 
	Issue 2-1-12: other parameters
Way forward:
· Option 1: follow below table
	Parameter
	Value

	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






We see the proposed option 1 above as a good starting point, hence we can continue the study using option 1.

Use the following table (option 1):
	Parameter
	Value

	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




Test metric
In RAN4#108bis the test metric was discussed. 
	Issue 2-1-13: Test metric
Way forward:
· Option 1: For PMI reporting tests with Type II codebook for predicted PMI, use the test metric defined as  as the starting point, where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding.
· Other options are not precluded




As per our conclusion in Section 2.1 we see it feasible to define requirements using the option 1 as starting point.
For PMI reporting tests with Type II codebook for predicted PMI, use the test metric defined as  as the starting point, where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding (option 1).

Initial simulation assumptions for TypeII for CJT
Propagation channel and correlation configuration
In RAN4#108bis the propagation channel and correlation was discussed (see [1])
	Issue 2-2-1: Propagation channel and correlation configuration
Way forward:
· Option 1: 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 [3].
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) and restrictedCMR-Selection
In RAN4#108bis the K (numberOfCSI-RS-Resources), NTRP (Number of TRPs) and restrictedCMR-Selection were discussed (see [1])
	Issue 2-2-2: K (numberOfCSI-RS-Resources), NTRP (Number of TRPs) and restrictedCMR-Selection
Way forward:
· [bookmark: _Hlk149750851]Option 1: 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. 
· Other options are not precluded



The UE may be configured with higher layer parameter restrictedCMR-Selection. If restrictedCMR-Selection is configured, the number of selected CSI-RS resources is . Otherwise, the UE is expected to select  CSI-RS resources, with , and the selection is reported with an -bit bitmap, , where the CSI-RS resources are mapped from bit  to bit  by their ordering in the resource set and the first of the  selected CSI-RS resources corresponds to the nonzero bit with lowest index [5]. N is the number of cooperating CSI-RS resources selected by UE for CJT codebook estimation, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher layer signaling. is the number of CSI-RS resources in the CSI-RS resource set for channel measurement. Setting 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 (Option 1) is reasonable.

As the UE may be configured with higher layer parameter restrictedCMR-Selection, setting 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 (Option 1) is reasonable.
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 (Option 1). 

N1, N2, O1, O2 and the number of CSI-RS ports
In RAN4#108bis the values for N1, N2, O1, O2 and the number of CSI-RS ports were discussed ([1]):
	Issue 2-2-3: N1, N2, O1, O2 and the number of CSI-RS ports
Way forward:
· Option 1: 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. 
· Other options are not precluded



In Type-II extension for CJT, a UE can be configured to select separate SD beams for each TRP. The TRPs share the same DFT codebook size . [2]
SD basis for Rel 18 Type II CJT is extended by allowing an independent basis for each TRP, each with  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  for each of the NTRP CSI-RS resources.
Setting 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 as a reasonable starting point since Rel-17 NCJT PMI tests are also based on 8 CSI-RS ports per TRP.
Rel-17 NCJT PMI tests are also based on 8 CSI-RS ports per TRP, hence setting 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 is a reasonable starting point.
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 (Option 1).

paramCombination-CJT-L-r18 and paramCombination-CJT-r18
In RAN4#108bis the configuration of paramCombination-CJT-L-r18 and paramCombination-CJT-r18 were 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



Due to the number of possible combinations regarding the number of selected beams per TRP Ln, it was determined that the parametrization could be simplified by linking the number of supported combinations for {Ln} with the corresponding list of supported values for . Based on the parameter combinations for different number of  ,  and , for a given  the combination with lower  are preferred to due to lower UE complexity. From the performance test point of view, the best is to consider the case with  which might narrow down  to the fewest number of combinations [2]. The selection of - combinations is based on the best trade-off between average UPT and overhead, with consideration to the fact that if similar trade-off is achieved by two combinations with different , the combination with the smaller total number of SD beams is favoured because of the lower UE complexity [2].
From the simulation results in our previous contribution ([2] RAN4#108bis), 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 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).

Based on the parameter combinations for different number of  ,  and , for a given  the combination with lower  are preferred to due to lower UE complexity. From the performance test point of view, the best is to consider the case with  which might narrow down  to the fewest number of combinations. Setting paramCombination-CJT-L-r18 as 7 ({4, 4}) (Option 1) or setting paramCombination-CJT-L-r18 as 4 ({2, 2}) (Option 2) agrees with the case of .
And similarly, Setting paramCombination-CJT-r18 as 4 (,) or 7 (,) for paramCombination-CJT-L-r18 = 7 (Option 1) or setting paramCombination-CJT-r18 as 1 (,) for paramCombination-CJT-L-r18 = 4 (Option 2) , also follow the same narrative.

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).

RI restriction (typeII-CJT-RI Restriction-r18)
In RAN4#108bis the RI restriction was discussed (see [1]):
	Issue 2-2-6: RI restriction (typeII-CJT-RI‑Restriction-r18)
Way forward:
· Option 1: Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test. 
· Other options are not precluded



For Rel-18, the UE reports the RI value  according to the configured higher layer parameter typeII-CJT-RI-Restriction-r18. The UE does not report . The bitmap parameter typeII-CJT-RI-Restriction-r18 forms the bit sequence  where  is the LSB and  is the MSB. When  is zero, , PMI and RI reporting are not allowed to correspond to any precoder associated with  layers [5].
As a starting point, setting the RI restriction as 0001 for Rel-18 TypeII for CJT PMI test is reasonable since it is like the requirements assumption for Rel-17 NCJT PMI test.
As a starting point, setting the RI restriction as 0001 for Rel-18 TypeII for CJT PMI test is reasonable and similar to the requirements assumption for Rel-17 NCJT PMI test.
Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test (Option 1). 

CodebookMode
In RAN4#108bis the codebookMode was discussed (see [1]):
	Issue 2-2-7: codebookMode
Way forward:
· [bookmark: _Hlk149765513]Option 1: Set codebookMode as Mode2 for Rel-18 TypeII for CJT test. 
· Other option (i.e., Mode1) is not precluded



If the higher layer parameter codebookMode is set to 'mode1', an offset  is reported for the -th selected CSI-RS resource, with , relative to the first of the  selected CSI-RS resources. The  reported offsets are common for all  layers and are indicated by , given by

where the value of  is configured by higher layer parameter numberOfO3. The offsets are represented by


If codebookMode is set to 'mode2’, the offset indicator, , is not reported and  for  .
FD basis scheme with Mode 1 and Mode 2 might be used. It is expected that Mode 1 yields some gain of performance over Mode 2, because it takes into account delay offset. However, Mode 2 is preferred due to reduced bit overhead [2].

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).

other parameters
	Issue 2-2-8: other parameters
Way forward:
· Option 1: follow below table
	Parameter
	Value

	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 TDD UL-DL configurations for performance requirements for FR1 are provided in Tables A.1.2-1, A.1.2-2, and A.1.2-3 in 38.101-4 Annex A.
A good starting point is to set R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) as 1 for Rel-18 TypeII codebook for CJT PMI like in the requirements assumption for Rel-16 TypeII codebook. When R is set as 1, one precoding matrix is indicated by the PMI for each subband [3]. 
Setting the number of UE receiver antennas as 2 and 4 and setting R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) as 1 is typical and reasonable.
Set 10MHz/15kHz as the channel bandwidth and subcarrier spacing for FDD respectively. For TDD DL-UL configuration, use FR1.15-1 as specified in 38.101-4 Annex A. Set the number of UE receiver antennas as 2 and 4. Set R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) as 1. (Option 1)

Test metric
	Issue 2-2-9: Test metric
Way forward:
· Option 1: For PMI reporting test with Type II codebook for CJT, the test metric is defined as , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding. 
· Other options are not precluded



As per our conclusion in Section 2.3 we see it feasible to define requirements using the option 1 as starting point.

For PMI reporting test with Type II codebook for CJT use the already existing test metric defined as  , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding (Option 1).

Test set-up and simulation assumptions for Rel-18 DMRS
In RAN4#108bis the test setup and simulation assumptions for Rel-18 DMRS was discussed (see [1]):
	Issue 2-3-1: DMRS configuration type and length
Way forward:
· Option 1: Rel-18 DMRS configuration Type 1 with length 1
· Other options are not precluded

Issue 2-3-2: DMRS ports
Way forward:
· Option 1: DMRS ports introduced by Rel-18
· {1008} if Rank 1 test is selected
· {1008, 1009} if Rank 2 test is selected
· {1008-1010} if Rank 3 test is selected
· {1008-1011} if Rank 4 test is selected
· Other options are not precluded

Issue 2-3-3: Propagation channel
Way forward:
· Option 1: RAN4 to consider low delay spread channels such as TDLA30 for PDSCH demodulation performance requirements.
· Other options are not precluded





In section 2.4 we propose to use a selected set of testcases from 38.101-4 section 5.2.3.1.1. Based on this, we see using Rel-18 DMRS configuration Type 1 with length 1 as a good choice.
For the DMRS ports, we are fine with the configuration given in option 1 from above as it includes the new DMRS ports introduced by Rel-18.
Use Rel-18 DMRS configuration Type 1 with length 1. Use DMRS ports introduced by Rel-18 as:
{1008} for Rank 1
{1008, 1009} for Rank 2
{1008-1010} for Rank 3
{1008-1011} for Rank 4
Since we propose to base the testcases on 38.101-4 section 5.2.3.1.1, the only legacy configurations using low spread only (TDLA30) for rank 1 are using 256QAM, hence, to define rank 1 requirements based on legacy with lower modulation order, including higher delay spread channels (like TLDB100) would be needed.
Limiting to low delay spread channels will also limit which legacy requirements can be re-used, hence higher delay spread channels should also be considered.
Consider TDLA30 and TDLB100 as starting point for propagation channel when defining requirements for Rel-18 DMRS.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution have presented Nokia's view on the different aspects of UE demodulation performance and CSI requirements for the new topic MIMO Evolution including proposals on where to focus for requirement definition.

We have made the following observations and proposals:

Scope of UE demodulation performance and CSI requirements
Clarify if CSI requirements are needed for codebook enhancement for UE predicted PMI
1. The existing metric of gamma can be considered as starting point as it is the same used for Rel 16 enhanced Type II. This latter can be extended for N4>1 PMIs.
1. Define CSI requirements are needed for codebook enhancement for UE predicted PMI using  as the starting point with N4=4, and P-CSI-RS 5 slots and offset 1 slot, FFS adequate Doppler spread characteristics for the chosen propagation channel. Use speed of ~20km/h as starting point.

Clarify if demodulation or CSI requirements are needed for TDCP
A new type of CSI requirement would need to be introduced for accuracy reporting for Time Domain Channel Properties (TDCP). RRM is still discussing to introduce such requirement.
Keep decision on defining new testcase and requirements for TDCP accuracy reporting FFS pending outcome of RRM feasibility study.

Clarify if CSI requirements are needed for codebook enhancement for CJT
Using the already existing test metric defined as  , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding, we see it feasible to introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only).
Introduce PMI reporting requirements with ‘typeII-CJT-r18’ (FR1 FDD only)

Clarify if demodulation requirements are needed for increased number of orthogonal DMRS ports
Reuse the following testcases from 38.101-4 section 5.2.3.1.1 as starting point:
	Test num.
	Rank
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-1
	1
	R.PDSCH.1-1.1 FDD
	10 / 15
	QPSK, 0.30
	TDLB100-400
	2x4, ULA Low
	70
	TBD

	2-1
	2
	R.PDSCH.1-3.1 FDD
	10 / 15
	64QAM, 0.50
	TDLA30-10
	2x4, ULA Low
	70
	TBD

	3-1
	3
	R.PDSCH.1-2.3 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	TBD

	4-1
	4
	R.PDSCH.1-2.4 FDD
	10 / 15
	16QAM, 0.48
	TDLA30-10
	4x4, ULA Low
	70
	TBD



Decision on introducing applicability rule for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the new DMRS ports can be done after simulation alignment is finalized.
FFS: decision to introducing applicability rule for UE to skip legacy case(s) if UE has passed the case(s) with same configuration using the new DMRS ports.

Test set-up and simulation assumptions for UE demodulation performance and CSI
Propagation channel and correlation configurations
TDLA30 with 100Hz seems more reasonable than 240Hz Doppler frequencies. Nonetheless, even smaller Doppler frequencies to enable P-CSI-RS with 10-20km/h are also reasonable to be considered.
Use 100Hz as the maximum Doppler frequency (Option 1). FFS if lower doppler values are to be considered.
Considering that Rel 16 enhanced TypeII uses XP medium, Rel. 18 Doppler TypeII it seems reasonable to use similar configuration as starting point.
Use XP Medium as a starting point for Rel-18 TypeII Doppler PMI test (Option 1)

CSI codebook configuration
As a continuation of the PMI requirements for Rel 16 enhanced Type II, we see using 16 CSI-RS ports with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a good starting point. 
Use the number of CSI-RS ports 16 with (N1, N2) = (4, 2), (O1, O2) = (4, 4) as a starting point for Rel-18 TypeII Doppler PMI test (Option 1)

 and   =1/4 and  i.e., paramCombination-Doppler-r18 =5,  is more compact in terms of bit overhead than the option proposed L=4, pυ=1/2, β=1/2 (paramCombination-Doppler-r18 =7) which according to our results gave just slightly better results while largely increasing the bit overhead.
Use  and   =1/4 and , paramCombination-Doppler-r18 =5

Based on the fact that 0010 is the rank restriction for Rel. 16 enhanced Type II PMI tests, it is reasonable to use the same restriction for Rel. 18 TypeII Doppler 
Set RI restriction as 0010 for Rel-18 TypeII Doppler PMI test (Option 1)

For reasonable PMI tests in which the CSI prediction and compression are under test, a value of N4>1 is necessary.
Set N4=4 (Option 1)

P/AP-CSI-RS Configuration
From the discussions of RAN4#108bis is not clear if we may use AP-CSI-RS and/or P-CSI-RS. Based on this we may choose further the related parameters.
We see P-CSI-RS as the best choice as it is more prone to be implemented in real deployments with cell specific resources and AP-CSI-RS have large radio overhead due to it requiring assignation of K CSI-RS resources for each triggered burst to each UE.
Focus on P-CSI-RS configuration for test setup and simulation assumptions.

The selection of parameter K (number of NZP CSI-RS resources) depends on deciding if focus should be on AP-CSI-RS or P-CSI-RS.
FFS the settings of parameter K (number of NZP CSI-RS resources) after deciding if focus should be on AP-CSI-RS or P-CSI-RS.

The selection of parameters  and  depends on deciding if focus should be on AP-CSI-RS or P-CSI-RS. If we speak of AP-CSI-RS  and  as 2 seems a reasonable value. On the other hand, we are more inclined to focus on P-CSI-RS only.
FFS- further discuss the settings of these parameter after deciding if focus should be on AP-CSI_RS or P-CSI-RS.

If the channel parametrization and Doppler spread in particular must be set in a way that with N4>1 predicted PMIs would bring reasonable performance results, we are fine with P-CSI-RS with 5 slots.
For CSI-RS configuration use “Periodic with periodicity 5 slots and offset 1 slot” (option 1).

MCS
MCS20 has already been used as part of the legacy PMI requirements, hence we see it reasonable to use MCS 20 (64QAM, 0.55) as starting point.
Use MCS 20 (64QAM, 0.55)- (option 1) as the starting point. FFS: if other MCS are needed.

Other parameters
Use the following table (option 1):
	Parameter
	Value

	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



Test metric
For PMI reporting tests with Type II codebook for predicted PMI, use the test metric defined as  as the starting point, where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding (option 1).

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) and restrictedCMR-Selection
As the UE may be configured with higher layer parameter restrictedCMR-Selection, setting 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 (Option 1) is reasonable.
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 (Option 1). 

N1, N2, O1, O2 and the number of CSI-RS ports
Rel-17 NCJT PMI tests are also based on 8 CSI-RS ports per TRP, hence setting 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 is a reasonable starting point.
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 (Option 1).

paramCombination-CJT-L-r18 and paramCombination-CJT-r18
Our simulation results 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).

RI restriction (typeII-CJT-RI Restriction-r18)
As a starting point, setting the RI restriction as 0001 for Rel-18 TypeII for CJT PMI test is reasonable and similar to the requirements assumption for Rel-17 NCJT PMI test.
Set RI restriction as 0001 for Rel-18 TypeII for CJT PMI test (Option 1). 

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).

other parameters
Setting the number of UE receiver antennas as 2 and 4 and setting R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) as 1 is typical and reasonable.
Set 10MHz/15kHz as the channel bandwidth and subcarrier spacing for FDD respectively. For TDD DL-UL configuration, use FR1.15-1 as specified in 38.101-4 Annex A. Set the number of UE receiver antennas as 2 and 4. Set R (numberOfPMI-SubbandsPerCQI-Subband-Doppler-r18) as 1. (Option 1)

Test metric
For PMI reporting test with Type II codebook for CJT use the already existing test metric defined as  , where  is TBD % of the maximum throughput obtained at  using the precoders configured according to the UE reports, and  is the throughput measured at  with random precoding (Option 1).

Test set-up and simulation assumptions for Rel-18 DMRS
Use Rel-18 DMRS configuration Type 1 with length 1. Use DMRS ports introduced by Rel-18 as:
{1008} for Rank 1
{1008, 1009} for Rank 2
{1008-1010} for Rank 3
{1008-1011} for Rank 4

Limiting to low delay spread channels will also limit which legacy requirements can be re-used, hence higher delay spread channels should also be considered.
Consider TDLA30 and TDLB100 as starting point for propagation channel when defining requirements for Rel-18 DMRS.
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