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1	Introduction
In the new Rel-17 FeMIMO WID [1], two objectives were identified for further enhancing CSI measurement and reporting in NR MIMO:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead.
In this document we discuss the evaluation assumptions for system-level simulations and elaborate on the aspects/limitations of the current CSI reporting framework that, in our view, need to be addressed in this work item. 
2	CSI reporting for multi-TRP
In this section we briefly discuss the evaluation assumptions for the CSI reporting to support DL multi-TRP (M-TRP) and/or multi-panel transmission. Then, we discuss the current limitations in CSI reporting for M-TRP and identify aspects that may require enhanced solutions.

2.1	EVM assumptions for DL multi-TRP and/or multi-panel transmission
In Rel-16, evaluation methodologies for eMBB multi-TRP/panel transmission and SLS assumptions for CSI enhancement have been widely discussed and agreed [2]. These assumptions, reported in Appendix 1, can be reused as baseline is CSI reporting supporting DL multi-TRP/panel transmission. Further agreements of evaluation assumptions, if any and applicable, from other Rel-17 M-TRP objectives can be considered as well for.
Proposal 1. Reuse Rel-16 evaluation assumptions for DL multi-TRP/panel transmission for Rel-17 CSI enhancement in support of DL multi-TRP/panel transmission.
2.2	CSI reporting enhancement for M-TRP
In single-DCI M-TRP operations for ideal backhaul, a gNB may switch between a single TRP transmission and non-coherent joint transmission (NC-JT) based on CSI reports. However, a CSI report associated to a single TRP transmission hypothesis does not consider inter-TRP interference, hence the need for a UE to calculate and possibly report multiple CSIs under different transmission/interference hypotheses.
The number of possible combinations of cross-layer interference that a UE may consider in a CSI report grows exponentially with the number of TRPs in a coordination cluster and is too large to handle for both UE complexity and CSI overhead. In general, for M-TRP transmission with  TRPs, for each single transmitting TRP, there can be  different possible interference hypotheses, where   is the number of interfering TRPs, with . In total, there can be   possible different CSI reports that can be configured for this setup. For example, for a coordination cluster of  TRPs, there are 4 possible CSI reports corresponding to different transmission hypotheses as depicted in Figure 1. In this figure there are two NZP-CSI-RS resource sets, indicated by IMR 0 and 1, that are configured for interference measurement for TRP 0 and 1, respectively, and they may be associated to the same NZP-CSI-RS resource setting used for channel measurements (CMR) in the respective TRP.
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[bookmark: _Ref40118359]Figure 1. Possible different CSI reports configurable for a S-DCI based M-TRP transmission with 2 TRPs.

Feeding back CSI reports for all interference hypotheses would provide the network with the needed information to optimize its scheduling decisions. However, it may inflict a considerable strain on uplink resources, especially if advanced PMI codebooks are configured (type II or enhanced type II). This highlights the issue of properly managing the transmission/interference hypotheses for CSI reporting to reduce feedback overhead and complexity. Moreover, the maximum number of CSI reports per BWP in Rel-16 is subject to UE capability (FG 2-35) and is limited to 4 for each of periodic, semi-persistent and aperiodic time-domain behaviours of the reports. Therefore, configuring different CSI reports for the various transmission hypotheses uses up a large portion of a UE capability for CSI, even for the smallest possible coordination cluster of two TRPs.
Observation 1. For a coordination cluster of  TRPs and S-DCI M-TRP operations, the number of CSI reports corresponding to different transmission/interference hypotheses needed by the network to switch between single TRP and NC-JT transmission is  and grows exponentially with the number of TRPs.
Observation 2. The number of combinations of cross-layer interference associated with multiple TRPs, TCI states and CSI-RS ports is too large for both overhead and UE complexity.  
Observation 3. Configuring multiple CSI reports for different transmission/interference hypotheses utilises a large portion of a UE CSI reporting capability, in terms of number of CSI reports per BWP, which is limited to, at most, 4 in Rel-16 for each time-domain reporting behaviour. 
One possible strategy to address this issue may be to rely on UE’s assistance to select the appropriate interference hypotheses to be considered for CSI reporting. This can be achieved in Rel-16 by configuring different CSI-RS resources for different TRPs within the same resource set and assigning different TCI-states to resources associated to different TRPs. However, in Rel-16 there are some limitations that affect the flexibility of handling multiple transmission/interference hypotheses within the same resource set:
1) the maximum number of CSI-RS resources in a set is limited to 8, when a CRI is reported, which limits the maximum number of transmission hypotheses that can be configured in a CSI Reporting Setting. Only one resource per set can be configured in case of Type II and eType II CBs;
2) only one TCI-state can be associated to each CSI-RS resource in a set;
3) only one NZP CSI-RS resource can be configured for interference measurement in the associated resource set of the CSI Report Setting.
Observation 4. To reduce the number of CSI reports for S-DCI M-TRP operations, a UE may select one or more CSI reports amongst all the configured transmission/interference hypotheses, where each hypothesis corresponds to a different resource in the associated resource set of the CSI Report Setting. However, in Rel-16 there is a limit of 8 resources per set for CMR and only one NZP IMR resource per set. There is also a limit of one CMR resource per set if the reporting is of Type II/eType II CBs. Besides, only one TCI-state can be associated to all the ports of a CMR resource.   
In terms of CSI reporting configurations and triggering, in Rel-15/Rel-16 CSI reporting framework, a single periodic/semi-persistent CSI-RS Resource Set can be configured within a CSI Report Setting. Conversely, for aperiodic reporting, there can be 16 different CSI Report Settings in a single trigger state, hence a single “CSI request” DCI field can trigger up to 16 CSI reports each with a single CSI-RS Resource Set in the associated CSI Report Setting. Additionally, a UE is not expected to receive more than one DCI with an aperiodic CSI trigger per slot.
M-TRP operations may require further flexibility in CMR/IMR configuration and triggering in order to handle multiple interference hypotheses without substantially inflating the required RRC configuration for CSI reporting.
Proposal 2. For S-DCI based M-TRP operations, consider solutions to reduce the CSI reporting overhead by allowing a UE to select one or more CSI reports amongst the configured transmission/interference hypotheses.
Proposal 3. Consider solutions to optimise CSI-RS resource configurations, triggering and reporting mechanisms for S-DCI based M-TRP operations with 2 TRPs.
Additionally, the distinction between single-PDCCH and multi-PDCCH based M-TRP is critical as the typical use cases depend on the backhaul conditions, with multi-PDCCH based M-TRP more suited for non-ideal backhaul. This has implications in the triggering of aperiodic CSI in addition to UCI design, among others. 
CSI timing requirement is another aspect that is worth considering in the framework of M-TRP CSI reporting. In case independent aperiodic CSI triggering is considered, for multi-PDCCH based M-TRP, the triggered CSI reports should be available at each TRP in a timely manner so that scheduling decisions are taken based on the same channel conditions. Since a given UE is not expected to receive more than one DCI with an aperiodic CSI trigger per slot, independent aperiodic CSI triggering would require enhancements. 
Therefore, the design of a CSI reporting framework suitable for M-TRP operation should consider addressing the following aspects: 
1) Overhead for NZP-CSI-RS and CSI feedback
2) CSI reporting configurations and triggering mechanisms
3) UCI design, taking account of backhaul conditions
We think the initial target of this work sub-item is to study solutions to reduce the overhead of CSI-RS, CSI feedback and simplify the CSI reporting configurations and triggering mechanism, whilst allowing the flexibility of dynamically selecting the appropriate interference hypothesis for a CSI report.

3	CSI reporting for FDD partial reciprocity
In this section we discuss the remaining FFS points on the evaluation methodology for CSI enhancement for FDD partial reciprocity, following the conclusion of an offline email discussion. Then, we look in detail at the quantities that can be assumed reciprocal between Ul and DL in an FDD system and at the estimates that a gNB can perform on the UL channel measurements. Finally, we consider the specifications impact of exploiting partial reciprocity at the gNB to identify the aspects of eType II PS reporting framework that, in our view, should be considered in this work item.
3.1	EVM assumptions for partial reciprocity in FDD
The conclusion of an offline email discussion on the evaluation assumptions for CSI enhancement was that the SLS assumptions for Rel-16 MU-CSI enhancement (copied in Appendix 3) can be a starting point with additional updates/modifications highlighted in red in Appendix 2. A few FFS points still need to be addressed at this meeting. In the following we elaborate on these outstanding issues:
3.1.1 Channel model for FDD partial reciprocity
3.1.2 SRS model for UL channel estimation
3.1.3 FDD Tx/Rx calibration error model at gNB


3.1.1	Channel model for FDD partial reciprocity
The reference channel model comes naturally from TR 38.901, with urban macro scenario.  Whilst this choice makes sense for one transmission direction, two existing alternatives for the partially reciprocal channel in the reverse direction were identified in the offline email discussion:
	Opt. 1:  The reciprocity model of Section 5.3 of TR 36.897 [6]
	Opt. 2:  The correlation model for multi-frequency simulations in Section 7.6.5 of TR 38.901 [5]

The model of Option 1 has been designed specifically for reciprocity, is consistent, and is more specific about parameter generation than the model in TR 38.901. In Sec. 3.2, we analyse in detail the physical properties of a partially reciprocal FDD channel and the corresponding assumptions in the channel model. Here we summarise our findings. For the UL and DL channels in an FDD system, the propagation paths, the path delays,  and Doppler speeds  can be assumed the same. The zenith and azimuth angles of departures (ZOD and AOD), and the zenith and azimuth angles of arrival (ZOA and AOA) for each path can be assumed reciprocal between UL and DL. From channel measurements in the literature, it seems the fast fading coefficients associated with the propagation paths cannot be assumed reciprocal between UL and DL because the depolarisation effects on the phase of the fast fading coefficients caused by diffraction and transmission are, in general, frequency dependent. These observations are fully captured in the assumptions and modifications for FDD channel reciprocity modelling of Option 1.
Conversely, the model in Option 2 appears to be designed for different use cases, such as DL CA, where frequency separation may be greater than in the FDD UL/DL case. Therefore, cluster shadowing and cross-polarisation power ratio (XPR) are modelled as independent in Option 2, whereas for FDD reciprocity study, they can be assumed the same, as in the model of Option 1. The model in Option 2 also considers the possibility that delay spread and angular spread vary with frequency, which is not relevant for FDD reciprocity modelling.
Observation 5. The model in Opt. 1 is designed for FDD reciprocity, is consistent, and more specific than the model in Opt. 2 for FDD reciprocity evaluation. The model in Option 2 is primarily intended for DL CA, where frequency separation may be greater than in the FDD UL/DL case. Therefore, cluster shadowing and cross-polarisation power ratio (XPR) are modelled as independent in Opt. 2, whereas for FDD reciprocity study, they can be assumed the same, as in the model of Opt. 1. The model in Opt. 2 also considers the possibility that delay spread and angular spread vary with frequency, which is not relevant for FDD reciprocity modelling.
Proposal 4.  Adopt the reciprocity channel model of Option 1 (Section 5.3 of TR 36.897).

3.1.2	SRS model for UL channel estimation
An important set of assumptions needed for evaluating partial FFD channel reciprocity are those relative to the SRS configuration. These assumptions impact the quality of the UL channel measurements performed by the gNB and, therefore, the performance of a CSI scheme relying on those measurements. The SRS configurations also impact the overhead calculation, which needs to take account of the SRS resources, particularly when a large number of UEs are scheduled for SRS transmission.
Generally, simulation results should indicate the SRS configuration and period and how UE antennas are sounded: for example, if antenna switching is used, sounding multiple antennas but one at a time every 20ms so the SRS period is 10ms. Table 1 summarises the main SRS configuration parameters that should be indicated in simulation results. For the purpose of controlling the SRS overhead, we could measure the overhead in number of occupied REs/s/Hz, relative to the baseline. One example of baseline configuration for SRS could be (BW, SRS period, comb, number of OFDM symbols, number of users) = (10MHz, 10ms, 2, 1,4).

Proposal 5.  Simulation results should indicate the SRS configuration used, including the parameters listed in Table 1. Agree on a realistic modelling of SRS transmit power, based on UL power control.
[bookmark: _Ref40437274]Table 1. Proposed assumptions for SRS configuration and use at the gNB.
	Parameter
	Value

	SRS configuration
	BW 
	Same as CSI-RS. Smaller BW is not precluded	

	
	Time/frequency structure
	Indicate which options are used between:
· Comb: 2,4
· Number of OFDM symbols: 1,2,4

	
	Ports
	Indicate which option(s) are used
· 2 for rank  2
· 2 or 4 for rank  4

	
	Periodicity
	Indicate how UE antennas are sounded with SRS periodicity of 5/ 10ms

	
	Tx power
	Alt1.	Realistic, based on UL power control (max power 23dBm)
Alt2.	Fixed power for all UEs

	
	Time multiplexing for large number of UEs
	Indicate if time multiplexing is used

	What is estimated from SRS/how it is used
	Indicate what quantities are estimated from SRS (angles, multipath delays, angular power spectrum, power delay profile, eigenvectors, etc.) until we further understand the direction the WI will take



In terms of SRS error model, our preference is to adopt realistic channel estimation for the UL as done for the DL. The SRS error model in Table A.1-2 of 36.897 [6] seems rather simplistic: the additive noise variance depends on a fudge factor () whose calculation/value is not clear. However, if this model is adopted, we should agree on the value of , for example the fixed value of 9dB proposed in Table A.1-2 of 36.897.
Proposal 6. Adopt realistic channel estimation for the UL as done for the DL. Alternatively, the error model in Table A.1-2 of 36.897 can be reused with a fixed value of  proposed therein.
With respect to what is estimated at the gNB based on the SRS measurements, companies should indicate what is estimated from SRS, such as angles, multipath delays, angular power spectrum, power delay profile, eigenvectors, etc., at least until we gain a better understanding of what schemes are available.
Proposal 7. Simulation results should indicate what is estimated from SRS, such as angles, multipath delays, angular power spectrum, power delay profile, eigenvectors, etc., until we gain a better understanding of what schemes are available.

3.1.3	FDD Tx/Rx calibration error model at gNB
A wireless transmitter has very different RF circuitry from a wireless receiver, which is a source of reciprocity errors when using UL channel measurements to estimate certain quantities for the DL channel. Calibration methods at the gNB are usually deployed to mitigate the effects of this RF mismatch when exploiting channel reciprocity, but nonetheless some residual calibration error is present.
A model for calibration errors in the tx/rx RF chains is analysed in [12] for a TDD system and illustrated in Figure 2. If we assume that the antennas are well decoupled, the effective channel responses of the RF lineups can be modelled as diagonal matrices,  and  for the gNB’s receiver and transmitter, respectively, and  and  for a UE’s receiver and transmitter, respectively. The complex coefficients in these RF responses are a function of many environmental factors, including time , output power of the PAs , and temperature .
[image: ]
[bookmark: _Ref47610621]Figure 2. Reciprocity error model from asymmetrical interference and RF circuitry mismatch (from [12])

The residual RF mismatches can be modelled, in general as
	
	[bookmark: _Ref47611483](1)


where  is effective DL channel matrix of size , with , number of tx/rx antennas at the UE and gNB, respectively.  is the  effective UL channel matrix, and the diagonal error matrices at the gNB, , and UE, , are given by
	
.
	(2)


Reciprocity calibration at the gNB side is important to ensure good performance. However, as discussed in [12], calibration at UE side is not necessary and the term  can be neglected in the model of (1). Under this assumption, the calibration error model in [12] is equivalent to that reported in [13] and considered in the offline email discussion, i.e.
	
	[bookmark: _Ref47696698](3)


This model is applicable to an FDD system too, in which we assume that the channel reciprocity identity (3) replaces the identity  when the gNB calculates reciprocal quantities, such as angles, delays, eigenvectors, etc..
The error matrix at the gNB can be expanded as follows
	
	(4)


where the diagonal elements are given by
	.
	(5)


In general, the dependency of amplitude and phase of these error coefficients on time, transmit power and temperature can be expressed as follows, for a generic coefficient
	
.

	(6)


Each amplitude and phase coefficient is characterised by an initial state, a linear dependency on time, transmit power and temperature, and a zero-mean random Gaussian variable,  and  for amplitude and phase, respectively.
However, for a high-level evaluation of system performance with reciprocity errors, the initial states and all environmental variations can be absorbed into the random variables  and .
According to [13], a typical calibration scheme can achieve an average residual RF mismatch of 0.7dB and 5 degrees, whereas in [12], the reported average values are 1dB and 10 degrees. Both sets of values are provided for a TDD system. In general, if  and  are the average residual calibration errors, the variance of  and ,  and , respectively, can be calculated such that  and , i.e.,
	


	(7)


Proposal 8. Consider the following model for reciprocity calibration errors caused by Tx-Rx RF mismatch at the gNB, with mean amplitude error of  and mean phase error  for each gNB antenna element:
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where  are i.i.d. zero-mean Gaussian r.v. with variance calculated such that  and .
Agree on the values of  and , for example, 0.7dB and 5 degrees, respectively.

[bookmark: _Ref47603993]3.2	Reciprocity-assisted Type II port selection PMI 
In a typical frequency-division duplexing (FDD) system uplink (UL) and downlink (DL) transmission are separated by more than the coherence bandwidth of the channel, therefore full UL-DL channel reciprocity cannot be assumed in general and the gNB cannot easily extrapolate full channel state information (CSI) for DL transmission from the UL channel measurement obtained from SRS. Conversely, in a time-division duplexing (TDD) system, in which UL and DL transmission are within the channel coherence time, full UL-DL reciprocity can be assumed under suitable calibration and direct CSI estimation for the DL is possible from SRS measurements.
However, in FDD partial channel reciprocity can be assumed, which is generally limited to the angles of departure and arrival and the delays of the propagation multipath. In fact, both UL and DL experience the same propagation environment with common physical paths. Although the amplitude and phase of the fast fading coefficients associated with the propagation paths are different between the two links, the geometrical properties and the delays are the same as they depend on physical properties that are common in UL and DL, such as the angles, path length and speed of light.
By looking at the channel model in TR 38.901 [5], we can identify the multipath parameters that can be assumed reciprocal in UL and DL based on the partial reciprocity assumption described above. A cross-polarised fast fading channel between  transmit antenna elements at the gNB and  receive antenna elements at a UE is given by a  matrix of channel impulse responses
	
	(9)


where  represents the impulse responses between the transmit elements of polarisation  and receive elements of polarisation , with . By using a simplified notation, we can expand the term  as follows
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where  is the fading coefficient for path  between the transmit array with polarisation  and receive array with polarisation ,  is the Doppler speed for path ,  the wavelength of the carrier frequency,  the path delay.  is the Dirac delta function,  and  are the steering vectors of the transmit and receive array, respectively, relative to path .  and  are the zenith angle of arrival (ZOA) and azimuth angle of arrival (AOA), respectively, for path , whilst  and  are the zenith angle of departure (ZOD) and azimuth angle of departure (AOD), respectively, for path . Note that the steering vectors also depend on the array geometry.
In particular, for a gNB transmitting with a uniform rectangular array (URA) formed by  horizontal and  vertical cross-polarised array elements, with , the -th transmit steering vector, , of size , becomes
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where we assumed that there is no downtilt, hence no z-axis steering component. The x-axis transmit steering vector, , is is given by
	
	(12)


where  is the distance between the horizontal elements of the array. The y-axis transmit steering vector, , is given by
	
	(13)


where  is the distance between the vertical elements of the array. 
For a UE receiving with a single panel given by a uniform linear array (ULA) and formed by  cross-polarised elements, let
	
	(14)


be the location vector of receive antenna element , with . The -th receive steering vector, , of size , becomes
	.
	(15)


The receive steering vectors on the three dimensions are given by
	
	
(16)


Finally, the fading coefficient  in (10) can be expanded as
	
	(17)


where  absorbs both the path-loss and the energy normalisation factors,  for the LOS path () and  for the NLOS path (), with  being the Ricean K-factor.  is the polarisation factor that depends on the radiation fields of the transmit and receive antenna elements. If we assume that radiation pattern is the same for all elements of an array with the same polarisation, the zenith and azimuth radiation field components are given by ,  for the transmit antennas and ,  for the receive antennas. Therefore, the polarisation factor, , can be expressed as [5]
	
	(18)


where the matrix in the middle is the depolarisation matrix for path , which represents the combined depolarisation effects caused by reflection, diffraction and transmission.  is the cross-polarisation power ratio (XPR) for path  and  ,  and  are depolarisation phases.
Measurements of the reflection, diffraction and transmission coefficients for different materials at 1.8GHz and 1.99GHz [7] show that  is nearly independent of frequency and can be assumed reciprocal and so are the depolarisation phases caused by reflection. However, the depolarisation phases caused by diffraction and transmission are frequency dependent. Therefore, in general FDD reciprocity cannot be assumed for the phases of the depolarisation matrix, and the polarisation factor  is not reciprocal in general.
Finally, we can conclude that in (10) the Doppler shift factor   and the steering vectors  and  depend on the carrier frequency only through the wavelength , whereas the fading coefficients  depend on carrier frequency through random phase variations.  
Observation 6. For the UL and DL channels in an FDD system, the propagation paths, the path delays  and Doppler speeds  can be assumed the same. The zenith and azimuth angles of departures (ZOD and AOD) and the zenith and azimuth angles of arrival (ZOA and AOA) for each path can be assumed reciprocal between UL and DL. However, from given references, it seems the fast fading coefficients associated with the propagation paths cannot be assumed reciprocal between UL and DL because the depolarisation effects on the phase of the fast fading coefficients caused by diffraction and transmission are, in general, frequency dependent.
These observations are fully captured in the assumptions and modifications for FDD channel reciprocity modelling reported in Sec. 5.3 of TR 36.897 [6]. Therefore, the fast fading channel generation model of Sec. 7.5 of TR 38.901 [5], combined with the partial reciprocity assumption and modifications of Sec. 5.3 of TR 36.897 [6] provide an accurate channel model for evaluation in FeMIMO WI 4b
Proposal 9. The fast fading channel generation model of Sec. 7.5 of TR 38.901 [5], combined with the partial reciprocity assumption and modifications of Sec. 5.3 of TR 36.897 [6] provide an accurate channel model for evaluation in FeMIMO WI 4b.

3.2.1	UL channel measurements for FeType II PS
The partial reciprocity assumption for multipath delays and angles in FDD systems has been confirmed by channel measurements conducted, for example, in [7]-[10]. The measurements in [7]-[9] are particularly interesting for this WI as the DL carrier frequency used in the tests is either 1.99GHz or 2.1GHz, the duplexing gap is 200MHz and the testing environment is urban or suburban (Shanghai, Helsinki, Bristol). The measurements in [10], performed in the city of Aarhus, assumed a lower DL carrier frequency of 1.78GHz and a much smaller duplexing gap of 68MHz, however, because the duplexing distance is far in excess of the measured coherence bandwidth of the channel, the findings are still relevant for this study.
These studies show a very high correlation between the UL and DL power azimuth spectrum and power delay profile (PDP).
In practice a gNB can estimate a power angular spectrum (PAS) in both the azimuth and elevation plane from the UL wideband sample channel covariance matrix, , calculated from the SRS channel measurement. Many different estimation methods exist in the literature, such as Bartlett, Capon, MUSIC, etc. [11] which differ in accuracy and complexity. One low-complexity PAS estimate is the Bartlett PAS estimator given by
	
	(19)


where  is a unit-norm beam steering vector. For a dual-polarised antenna array,  is given by
	
	(20)


where  is the steering vector for an URA, defined in (11). From the PAS estimate the gNB could determine a selection of  beams from a predefined set, , that maximise a certain metric, for example a correlation measure between the estimated PAS and the array beam pattern, , associated with beamforming weights 
	.
	(21)


Let  be matrix formed by the selected beamforming vectors.
Alternatively, a gNB could select the strongest  beams directly from the UL channel without estimating the PAS. For example, let  be the  UL channel estimate on PRB , obtained from the SRS, with  number of SRS ports. The gNB calculates the wideband sample covariance matrix of the channel, of size 
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with
	
	(23)


for each subband , (we assume the SRS are configured on  subbands), where  is the number of PRBs per subband. The gNB projects the wideband covariance onto a predefined set of, say , beams, , for example DFT beams, which yields
	
	(24)


from which the strongest  beams, say  can be selected.
In a different implementation, the gNB can calculate the EVD of (22), and extract the strongest  wideband eigenvectors, say .
In all three different implementations, by exploiting the UL-DL reciprocity of angles, the gNB can estimate a matrix , which forms a spatial domain basis for the downlink precoder matrix representation for the UE transmitting the SRS. The gNB can use these selected vectors to beamform the CSI-RS resource configured for that UE with  ports.
Observation 7. [Estimation of ] By exploiting UL-DL angle reciprocity, a gNB could estimate the  strongest beams to be used in DL transmission from the UL channel sample covariance estimated from the SRS. These selected beams can be used to beamform the CSI-RS resource configured for a UE, such that port selection and reporting of  may not be needed in a reciprocity-aided eType II PS report.
Whilst the framework for exploiting angle reciprocity at the gNB to aid eType II PS reporting seems straightforward and well understood, leveraging delay reciprocity presents more challenges. In principle, there is a correspondence between the dominant path delays of a channel impulse response and the indices of the dominant FD components calculated on that channel according to the eType II frequency compression definition. Therefore, a high degree of correlation can be assumed between the indices of the dominant FD components calculated in the UL and DL channels of an FDD system, provided the FD components can be mapped from the UL channel to the DL. However, UL-DL reciprocity cannot be assumed for the complex values of the linear combination coefficients on the dominant FD components. Amplitude and phases of these coefficients will have to be estimated at the UE side.
Another limitation to the use of UL channel measurements to estimate quantities in the frequency domain is due to the limited SRS resources and transmit power available in the UL, which implies that the UE antenna ports used for SRS transmission may be fewer than those used for receiving the DL signals. Therefore, one cannot assume, in general, that a gNB has visibility of all the layers available in DL, besides the fact that the layers measurable in the UL channel are different, in general, from those measurable in the DL because propagation path coefficients are not reciprocal. Therefore, the estimation of the dominant FD components by the gNB is in general layer common and a gNB cannot determine for which DL layers an FD component is dominant. Note that in eType II CBs the FD bases are layer specific. Moreover, the gNB cannot be expected to reliably estimate the rank of a DL transmission, hence rank determination is also something that will have to be done at the UE side
Observation 8. [Estimation of ]. Leveraging UL-DL delay reciprocity is more challenging than for angle reciprocity. Although a high degree of correlation can be assumed between the indices of the dominant FD components calculated in the UL and DL channels, a gNB can only estimate the position of the dominant FD components combined across all DL layers, as the layers estimated from the UL channel are generally different from those in the DL.
Observation 9. [Estimation of  ]. The linear combination coefficients in  cannot be assumed reciprocal when calculated in UL and DL. Because path coefficients are not reciprocal, amplitude and phases of the linear combination coefficients should be calculated and reported by a UE.
Observation 10. Rank determination and CQI calculation are generally not possible at the gNB side and should be done and reported by a UE.
Nonetheless, the gNB can estimate the position of the dominant beams and FD components in the UL in full or in part and use this information to beamform the CSI-RS ports across PMI subbands such that a UE can measure and return the linear combination coefficients associated with each pair of beam and FD component.
Observation 11. The gNB can estimate a set of dominant beams () and FD components () from the UL channel, in full or in part, and beamform the CSI-RS ports such that a UE can measure the linear combination coefficients () associated to each pair of beam and FD component. 

3.2.2	Specifications impact of FeType II PS
In the previous section we described the measurements a gNB can perform on the SRS and for which quantities in the eType II PS PMI representation the FDD partial reciprocity assumption may apply.
In this section we examine which aspects of this further enhancement of Type II PS may impact the specifications and should be considered in this WI. We assume any enhancement should take the current eType II PS codebook as baseline and a codebook redesign is out of scope for this WI.
One aspect that needs consideration is whether the quantities estimated at the gNB should be communicated in full or in part to a UE to inform the CSI calculation. If this is the case, we need to establish if this reciprocity-aided side information has some dynamic components, i.e. if some dynamic signalling is needed from the gNB to the UE when a CSI report of this type is requested. If the answer is positive, and the dynamic side information is identified, this may be delivered in a number of ways, for example by MAC-CE, by a new field in the DCI, by modification of the CSI-RS signals or a combination of these methods.
Proposal 10. Evaluate the need for dynamic indication of some SRS-based estimates from gNB to UE for reciprocity-aided Type II PS reports. If a need is identified, evaluate the alternative solutions based on signalling overhead.
As noted previously, regarding the reciprocity of angles, a gNB could estimate a set of dominant beams for a UE and beamform the CSI-RS ports for that UE accordingly. In principle, this does not require exchanging dynamic information from the gNB to the UE as CSI-RS can be beamformed transparently to a UE and their configuration is UE-specific. However, it poses a problem of CSI-RS overhead when configuring this type of CSI report for multiple UEs, as the number of resources/ports increases linearly with the number of UEs scheduled for CSI reporting and with the number of ports per UE selected at the gNB.
Proposal 11. Consider techniques to reduce the total number of CSI-RS resources/ports needed to configure reciprocity-aided Type II PS reports for multiple UEs, for example, by introducing flexible RRC configurations and/or resource/port sharing between UEs.
One other aspect that needs consideration is the timing, configuration and triggering of SRS transmission. In order to obtain reliable estimates of angles/delays from SRS measurements, there is a need to configure suitable SRS resources and ports in a large enough BWP and to be able to associate their transmission with the triggering of reciprocity-aided CSI reports. Efficient mechanisms to configure and trigger SRS transmission jointly with reciprocity-aided CSI reports may need to be studied to reduce the resource occupation and UE power consumption as much as possible and the reduce the number of trigger states.
Proposal 12. Consider efficient mechanisms to configure and trigger wideband SRS transmission jointly with reciprocity-aided CSI reports in order to minimise UL resource occupation and UE power consumption and to reduce the number of trigger states.
Finally, some modifications to the reported indicators and related UCI signalling of eType II PS PMI report will be needed as some of the reported quantities are in full or in part estimated at the gNB. For example, if the strongest beams are selected by the gNB a UE may not need to report the SD basis, or may only report a limited selection from a restricted subset. Similar modifications may be needed for the FD basis indicator and bitmap: if the evaluation shows that gNB can reliably estimate, at least partially, the dominant FD components, a UE may only need to report a reduced-size FD basis indicator and bitmap. These modifications should not change the structure of the PMI and should result in a smaller UCI overhead.
Proposal 13. Consider possible restrictions or reductions in size of the PMI indicators for SD basis, FD basis and bitmap to complement the reciprocity-based estimates performed by the gNB. These modifications should not change the structure of the PMI and should result in a smaller UCI overhead.

4	Conclusion
Hereafter is a summary of observations and proposals for the M-TRP subitem of CSI enhancement.
Observation 1. 	For a coordination cluster of  TRPs and S-DCI M-TRP operations, the number of CSI reports corresponding to different transmission/interference hypotheses needed by the network to switch between single TRP and NC-JT transmission is  and grows exponentially with the number of TRPs.
Observation 2. 	The number of combinations of cross-layer interference associated with multiple TRPs, TCI states and CSI-RS ports is too large for both overhead and UE complexity.  
Observation 3. 	Configuring multiple CSI reports for different transmission/interference hypotheses utilises a large portion of a UE CSI reporting capability, in terms of number of CSI reports per BWP, which is limited to, at most, 4 in Rel-16 for each time-domain reporting behaviour.
Observation 4. 	To reduce the number of CSI reports for S-DCI M-TRP operations, a UE may select one or more CSI reports amongst all the configured transmission/interference hypotheses, where each hypothesis corresponds to a different resource in the associated resource set of the CSI Report Setting. However, in Rel-16 there is a limit of 8 resources per set for CMR and only one NZP IMR resource per set. There is also a limit of one CMR resource per set if the reporting is of Type II/eType II CBs. Besides, only one TCI-state can be associated to all the ports of a CMR resource.

Proposal 1. 	Reuse Rel-16 evaluation assumptions for DL multi-TRP/panel transmission for Rel-17 CSI enhancement in support of DL multi-TRP/panel transmission.
Proposal 2. 	For S-DCI based M-TRP operations, consider solutions to reduce the CSI reporting overhead by allowing a UE to select one or more CSI reports amongst the configured transmission/interference hypotheses.
Proposal 3. 	Consider solutions to optimise CSI-RS resource configurations, triggering and reporting mechanisms for S-DCI based M-TRP operations with 2 TRPs.

Hereafter is a summary of observations and proposals for the FDD partial reciprocity subitem of CSI enhancement.
Observation 5. 	The model in Opt. 1 is designed for FDD reciprocity, is consistent, and more specific than the model in Opt. 2 for FDD reciprocity evaluation. The model in Option 2 is primarily intended for DL CA, where frequency separation may be greater than in the FDD UL/DL case. Therefore, cluster shadowing and cross-polarisation power ratio (XPR) are modelled as independent in Opt. 2, whereas for FDD reciprocity study, they can be assumed the same, as in the model of Opt. 1. The model in Opt. 2 also considers the possibility that delay spread and angular spread vary with frequency, which is not relevant for FDD reciprocity modelling.
Observation 6. 	For the UL and DL channels in an FDD system, the propagation paths, the path delays  and Doppler speeds  can be assumed the same. The zenith and azimuth angles of departures (ZOD and AOD) and the zenith and azimuth angles of arrival (ZOA and AOA) for each path can be assumed reciprocal between UL and DL. However, from given references, it seems the fast fading coefficients associated with the propagation paths cannot be assumed reciprocal between UL and DL because the depolarisation effects on the phase of the fast fading coefficients caused by diffraction and transmission are, in general, frequency dependent.
Observation 7. 	[Estimation of ] By exploiting UL-DL angle reciprocity, a gNB could estimate the  strongest beams to be used in DL transmission from the UL channel sample covariance estimated from the SRS. These selected beams can be used to beamform the CSI-RS resource configured for a UE, such that port selection and reporting of  may not be needed in a reciprocity-aided eType II PS report.
Observation 8. 	[Estimation of ]. Leveraging UL-DL delay reciprocity is more challenging than for angle reciprocity. Although a high degree of correlation can be assumed between the indices of the dominant FD components calculated in the UL and DL channels, a gNB can only estimate the position of the dominant FD components combined across all DL layers, as the layers estimated from the UL channel are generally different from those in the DL.
Observation 9. 	[Estimation of  ]. The linear combination coefficients in  cannot be assumed reciprocal when calculated in UL and DL. Because path coefficients are not reciprocal, amplitude and phases of the linear combination coefficients should be calculated and reported by a UE.
Observation 10. Rank determination and CQI calculation are generally not possible at the gNB side and should be done and reported by a UE.
Observation 11. The gNB can estimate a set of dominant beams () and FD components () from the UL channel, in full or in part, and beamform the CSI-RS ports such that a UE can measure the linear combination coefficients () associated to each pair of beam and FD component.

Proposal 4.  	Adopt the reciprocity channel model of Option 1 (Section 5.3 of TR 36.897).
Proposal 5.  Simulation results should indicate the SRS configuration used, including the parameters listed in Table 1. Agree on a realistic modelling of SRS transmit power, based on UL power control.
Proposal 6. 	Adopt realistic channel estimation for the UL as done for the DL. Alternatively, the error model in Table A.1-2 of 36.897 can be reused with a fixed value of  proposed therein.
Proposal 7. 	Simulation results should indicate what is estimated from SRS, such as angles, multipath delays, angular power spectrum, power delay profile, eigenvectors, etc., until we gain a better understanding of what schemes are available.
Proposal 8. 	Consider the following model for reciprocity calibration errors caused by Tx-Rx RF mismatch at the gNB, with mean amplitude error of  and mean phase error  for each gNB antenna element:
	


where  are i.i.d. zero-mean Gaussian r.v. with variance calculated such that  and .
Agree on the values of  and , for example, 0.7dB and 5 degrees, respectively.
Proposal 9. 	The fast fading channel generation model of Sec. 7.5 of TR 38.901 [5], combined with the partial reciprocity assumption and modifications of Sec. 5.3 of TR 36.897 [6] provide an accurate channel model for evaluation in FeMIMO WI 4b.
Proposal 10. 	Evaluate the need for dynamic indication of some SRS-based estimates from gNB to UE for reciprocity-aided Type II PS reports. If a need is identified, evaluate the alternative solutions based on signalling overhead.
Proposal 11. 	Consider techniques to reduce the total number of CSI-RS resources/ports needed to configure reciprocity-aided Type II PS reports for multiple UEs, for example, by introducing flexible RRC configurations and/or resource/port sharing between UEs.
Proposal 12. 	Consider efficient mechanisms to configure and trigger wideband SRS transmission jointly with reciprocity-aided CSI reports in order to minimise UL resource occupation and UE power consumption and to reduce the number of trigger states.
Proposal 13. 	Consider possible restrictions or reductions in size of the PMI indicators for SD basis, FD basis and bitmap to complement the reciprocity-based estimates performed by the gNB. These modifications should not change the structure of the PMI and should result in a smaller UCI overhead.
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Rel-16 evaluation assumptions for multi-TRP/panel transmission are reported hereafter.
Rel-16 DL multi-TRP and/or multi-panel transmission (Agreements from RAN1 94bis)
· For multi-TRP/panel performance evaluation:
· For eMBB in FR1, 10MHz BW and 15kHz SCS are baseline.
· For eMBB in FR1, 20MHz BW and 30kHz SCS are optional.
· For eMBB in FR2, 80MHz BW and 120kHz SCS are baseline.
· For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item
· For eMBB multi-TRP/panel performance evaluation, FTP traffic model 1 with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% are baseline, and optional low RU (e.g. 5/10) can be considered.
· For eMBB multi-TRP/panel performance evaluation, MMSE IRC is the baseline, and advanced receiver is not precluded. Practical channel estimation and feedback model are used.   
· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 
· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:
· Ideal backhaul: 0ms
· Non-ideal backhaul: 2ms, 5ms(FFS, optional)
· Companies to provide the delay values used in their evaluations
· Baseline scheme to evaluate eMBB multi-TRP enhancements is DPS or single TRP
· Each company to provide the details on backhaul delay, CSI reporting, transmission scheme, scheduling, etc.

Table 2. SLS assumption for eMBB multi-TRP/panel enhancement
	Parameters
	Dense urban (Macro Only)
	Indoor hotspot

	Carrier frequency
	2GHz/4GHz is baseline (each company to choose 1 or more)
30GHz is optional
	4GHz is baseline,
30GHz is optional

	Channel model
	TR38.901

	TP antenna configuration
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)λ for FR1

2 ports (8,8,2,1,1) and 8 ports (4,8,2,2,2) for 30GHz

Other antenna configurations is not precluded (such as 32 ports)
	2 ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)
for 4GHz

2 ports: (4,4,2,1,1) for 30GHz

Other antenna configurations is not precluded.

	UE antenna configuration
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for FR1

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180
	4Rx Port: (Baseline)
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 4GHz

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180


	Coordination assumptions
	Each company to provide details on cluster size, coordination scheme, etc 
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The modifications to the evaluation assumptions for Rel-17 CSI enhancement for FDD reciprocity, proposed in an offline email discussion are summarised in the table below
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL, optional for 4GHz

	Inter-BS distance
	200m 

	Channel model
	Considering following two options of reciprocity model for FDD as a starting point, further discussing and finalizing remaining details of channel modelling methodology for FDD channel reciprocity in RAN1 102e
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897
· Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 
· Note that further modifications/clarifications based on Option 1 or 2 to generate UL channel are not excluded. 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.

	BS Tx power 
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz for 15kHz as a baseline (optional for 10 MHz with 15KHz), and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO with rank adaptation
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook is the baseline for performance and overhead evaluation. (Type I Codebook can be considered at least for performance evaluation)
· Note that it is encouraged to disclose further details of beamforming mechanism/ordering over CSI-RS ports/resources.

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897. 
· Companies shall report SRS configuration details if different from that table.
· Further discussing and finalizing remaining details of SRS configurations and Δ (Delta) in RAN1 102e

	FDD DL/UL calibration error model at gNB
	Further discussing FDD DL/UL calibration error model, e.g. R1-144943, and finalizing associated details in RAN1 102e if need.



[bookmark: _Ref47601780][bookmark: _Ref47700590]Appendix 3
In Rel-16 MU-CSI enhancement the EVM assumptions were taken from Table A.2.1-1 of TS38.802 or NR phase 2 EVM, with modifications as follows
Table 2-1. SLS assumptions for CSI enhancement 
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 4GHz.

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) Type II overhead reduction
Other configuration is not precluded.

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 50/70 % for CSI overhead reduction
· 20/50 % for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-15 Type II Codebook is the baseline for performance and overhead evaluation for overhead reduction. (Type I Codebook can be considered at least for performance evaluation)
· Companies are encouraged to compare the proposed overhead reduction scheme with Rel-15 overhead reduction scheme, 
Rel-15 Type I Codebook is the baseline for performance and overhead evaluation for higher rank codebook. 
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