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Introduction 
In the previous RAN1 meeting [1], the following agreements were made for enhancements on the Rel. 16 Type II PS codebook and CSI reporting for multi-TRP.
	Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf  is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 
Agreement
At least for rank 1/2 and Mv > 1, for relationship between N and Mv, support following alternative
· Alt 2-1: N >= Mv, Wf is layer-common and reported by UE for N>Mv.
· For Mv=2, N=2 and one value from {3, 4, 5}
· RAN1 to select one value from {3, 4, 5} in RAN1#106bis-e
· FFS: how to report Wf in terms of reporting mechanism and associated bits when Mv=2 and N=one value from {3, 4, 5}
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.
Agreement
If a bitmap for indicating non-zero coefficients can be absent, down-select one Alt from the following for Rel-17 PS codebook:
· Alt 1: At least for rank 1 PMI, the bitmap of indicating non-zero coefficients is not needed if Mv=1 and Beta=1.
· FFS the need for Mv>1 and/or Beta<1
· Alt 2: For rank 1 /2 PMI, the bitmap(s) of indicating non-zero coefficients for corresponding layer(s) is absent if reported KNZ=K1*Mv*rank
· Where KNZ is the number of non-zero coefficients
· Alt 3: In addition to Alt 2, additional field is reported by UE to inform whether the bitmap of indicating non-zero coefficients for specific layer is absent if rank>1.
· Alt 4: The bitmap of indicating non-zero coefficients is not needed if the number of coefficients is sufficiently small, i.e. K1Mv ≤ δ
Note: If none of above Alternative is agreed in RAN1#106bis-e, the bitmap for indicating non-zero coefficient is always present by default.
Agreement
For CSI measurement associated to a NCJT measurement hypothesis in Rel-17, the maximal number of total transmission layers is up to 4 layers.  
Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), the bitwidth associated to X+1 CRI(s) are given as following:
· Ceil(log2(N)) for X=0
· Ceil(log2(N)) in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1+M2)) in CSI associated with Single-TRP measurement hypothesis for X=1
· Ceil(log2(N))  in CSI associated with NCJT measurement hypothesis and Ceil(log2(M1))  and  Ceil(log2(M2)) in CSI associated with Single-TRP measurement hypothesis for X=2
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set.
Agreement
For the UE be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses (i.e. Option 2),
· Alt 1: the first M1+M2 codepoints of CRI corresponds to M1+M2 CMRs for Single-TRP measurement hypothesis and the second N codepoints corresponds to N CMR pairs for NC-JT measurement hypothesis.
· Note that M1 (M1<=K1) and M2 (M2<=K2) is the number of CMRs configured for Single-TRP measurement hypothesis in the first and second CMR groups respectively in a CMR measurement set. 
Decision: As per email decision posted on Aug 23rd,
Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time
Agreement
For a CMR pair configured for a NCJT measurement hypothesis, study following Alternatives:
· Alt 1: a separate powerControlOffset (Pc ratio) shall be configured for the NCJT measurement hypothesis by re-defining such Pc ratio as 10log10(P_PDSCH/P_CSIRS) dB, whereas
· P_PDSCH is the energy of PDSCH ports with a same TCI state as the CMR on one subcarrier of one OFDM symbol
· P_CSIRS is the energy of all CSI-RS ports of the CMR multiplexed on one subcarrier of one OFDM symbol
· Alt 2: re-interpret two Pc ratios configured for the CMR pair for the NCJT measurement hypothesis, FFS detailed impact of specification
· Alt 3: No change to definition or configuration of Pc ratio
· Note that other solutions are not excluded.
Agreement
For CSI computation delay requirement associated with a CSI-ReportingConfig for a NCJT measurement hypothesis, study following alternatives:
· Alt1: introducing new/relaxed values on Z and Z’, FFS exact values or other conditions
· Alt2: No changes of values on Z and Z’
AgreementFor CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support
Agreement

For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support RI restriction by selecting at most one alternative from the following in RAN1#106bis-e: 
· Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
· Alt 2: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to one CMR group in a CMR resource set respectively, i.e. per TRP. 
· If rank restriction of (X, Y) is configured, reported rank is X for the CMR in the first CMR group and Y for the CMR in the second CMR group, regardless single-TRP and NCJT measurement hypotheses. 
· Alt 3: Multiple RI restrictions can be configured per CodebookConfig, whereas RI restriction is applied to per each CMR in CMR pair for NCJT and per each CMR for Single-TRP.  
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses. 
· Alt 5: Three RI restrictions can be configured per CodebookConfig, whereas two RI restrictions are applied to two CMR groups in a CMR resource set respectively for Single-TRP measurement hypothesis, and the third one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X1, X2, Y) is configured, reported rank is X1, X2 for each CMR group respectively for single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· Alt 6: Switch between Alt 4 and Alt 5 where gNB can configure via RRC signaling which alternative to use
Note that if none of above Alternatives is agreed in Rel-17, RI restriction is only applied for Single-TRP measurement hypotheses and no RI restriction is applied for Multi-TRP measurement hypotheses.
Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, support following Alt:
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signaling to enable/disable single-TRP measurement hypothesis using CMRs configured within CMR pairs for NCJT measurement hypothesis
Agreement
To confirm the order of UCI payload construction for reported CSIs, study following Alternatives and down-select one or more Alternative(s) for required specification changes in RAN1 106bis:
· Alt 1: modify priority equation, i.e., Section 5.2.5 in 38.214.
· Alt 2: modify the table of priority reporting levels for Part 2 CSI, i.e., Table 5.2.3-1 in 38.214.
· Alt 4: modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.2.1.2-3/4/5 in 38.212




In this contribution, we provide our views on the Rel. 17 PS codebook and multi-TRP CSI reporting.
Enhancements on Type II PS codebook 
For the Rel. 17 PS codebook, each port is beamformed with an SD-FD pair i.e., with a spatial beam  (SD) and a frequency domain (FD) or delay component  . For the calculation of the precoder, a single wideband SVD operation is sufficient compared to the Rel.-16 precoder calculation, where an SVD operation is performed per subband, thus reducing the computational complexity of the precoder. The UE selects a number of coefficients, , associated with a subset of SD-FD pairs, and reports them to the gNB. In the following, details regarding the design of ,  and  are discussed for higher ranks. 
 design
In the previous meeting, layer-common port selection was agreed for rank 2 considering the trade-off between performance and feedback overhead. Figure 1 shows the feedback overhead versus performance for a rank 3 transmission with a layer common and layer specific port selection for different parameter combinations . Here,  is the size of the window,  is the number of ports and  is the maximum number of  non-zero coefficients (NZCs). For the evaluations, out of  CSI-RS ports,  ports are selected for each layer. The performance of the Rel. 16 PS CB parameter combination four [2] for rank 3 is taken as a reference. For layer common port selection, a single port indicator is needed for all layers, whereas for the layer specific selection,  port indicators are needed. The layer specific port selection indication results in a high feedback overhead as the maximum number of ports as well as the maximum number of selected ports are as high as 32. Also, due to the similar performance for both the layer specific and layer common port selection, the layer common port selection shall be supported for higher ranks. 
Observation: For higher ranks, layer-common port selection results in a lower feedback overhead compared to layer-specific port selection. 
Proposal: For rank 3 and rank 4, support layer-common port selection. 
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Figure 1: Performance of the Rel. 17 PS CB with layer common and layer specific port selection for rank 3 transmissions for different parameter combinations .
 design:
Relation between the window size  and the number of delays :
For rank 1 and rank 2, it was agreed to support  delays selected from a window comprising  consecutive FD bases, where . Other than , it was also agreed to select an additional value of  from . Increasing the value of , increases the performance of the Rel. 17 PS CB as the UE will have more freedom selecting the delays. On the otherhand, increasing the value of , increases the UE complexity in calculating the precoder. Therefore, out of ,  seems to be a good compromise between UE complexity and performance 
Proposal: For rank 1 and rank 2, support  from . 
Regarding the reporting of the selected FD bases, when , the selected FD bases can be reported using bits, whereas for  and , an FD indicator is not required. 
Proposal: For rank 1 and rank 2, support indication of the selected FD basis using  bits.
The performance gain and overhead of the Rel. 17 PS codebook for rank 3 for  CSI-RS ports are shown in Figure 3 for the following combinations of  for the aforementioned two cases:
 
 
For the two cases, the starting index of the window  is fixed at zero. In the first case,  layer-specific delays are selected by the UE from a window of size , whereas in the second case,  layer-common delays are selected by the UE from a window of size . For all the two cases, layer-common  is considered across all layers. 
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Figure 2: Performance of the Rel. 17 PS CB for different three different window configurations for different parameter combinations .
Out of 32 CSI-RS ports,  ports are selected for each layer. The performance of the Rel.-16 PS CB parameter combination four [2] for rank 3 is taken as a reference. From Fig. 2, it can be seen that the performance of the Rel. 17 PS CB for the two window configurations differ only by a small margin. Compared to the first case, where , a negligible performance loss is observed for the case of ,  however with a reduction in the feedback overhead by a few bits. Therefore, a layer common delay selection with a window size equal to the number of delays can be beneficial for Rel. 17 PS CB for rank 3 and rank 4 transmissions.  
Observation: No significant performance loss is observed when reducing the window size  from  to  for higher rank e.g., for rank 3. 
Proposal: Considering feedback overhead, the size of the window can be fixed to the number of delays  for ranks 3 and 4, i.e., .
 design
Bitmap: When the number of selected NZCs is equal to the number of selected ports, i.e., when , no new information is given to the gNB by reporting a bitmap. By not reporting the bitmap, an overhead reduction of  bits can be achieved, although for a single configuration which is a corner case. Here,  is the number of selected ports. Although, the absence of a bitmap can reduce the feedback by a few bits, considering the complexity in specifying different options for different parameter combinations, a uniform design for all supported ranks shall be supported for simplicity. 
Proposal: Do not support the absence of the bitmap.  
SCI: In Rel. 16, for Type-II CBs, a cyclic shift is performed by the UE on the selected FD components such that the FD component associated with the strongest coefficient (SC) is zero. The advantages of the cyclic shift are two-fold: the feedback overhead required to indicate the SC is reduced from  to  bits and the coefficients associated with the strongest FD component are ordered first in the UCI. The latter helps in achieving a reasonable performance in the event of an UCI omission.  However, in Rel. 17, it was decided to fix the starting position of the window to zero () and the SCI is reported by the UE using  indicator. Here,  is the seleced number of ports per layer. The coefficients associated with the FD component associated with the SC is  statistically stronger compared to the coefficients associated with the other FD component. Unlike Rel. 16, as the SC is not cyclically shifted to the zero FD index, the coefficients that are not associated with the FD component of the SC may be ordered first in the CSI report i.e., in group 1, and in the event of CSI omission, the coefficients associated with the FD component of the SC may be dropped resulting in a performance loss. Therefore, the coefficients associated with FD component of the SC shall be ordered first i.e., in group 1 followed by the coefficients associated with remaining FD component. 
Proposal: Support coefficient ordering such that the coefficients associated with the FD component of the strongest coefficient are placed in group 1. 
The following proposal has been discussed at length in the past two RAN1 meetings. 
	From NWM round 3 discussion: 
For Rel-17 PS codebook
·        Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3
·        Support pmiReportingFormat = WB [if N3=1]
·        FFS: the case when no SB size is configured (from RAN1#105-e agreement)



When the  component is not used, the Rel. 17 precoder is calculated in a wideband manner and the resulting precoder remains identical across all subbands. This is equivalent to using a  component comprising an all one vector of length . Moreover, based on the agreements so far, at least for rank 1 and rank 2, the Rel. 17 PS CB supports both  and . So for brevity, the  component should be considered for both  and  so that the Rel. 17 PS CB can be expressed with a single precoder equation. Regarding the second bullet in the above proposal, regardless of the PMI reporting format, the UE behavior remains the same. Also, the majority of companies is of the opinion that this issue is purely editorial. In our view, this issue is not critical and for the sake of progress the second bullet shall be dropped from the proposal or shall be left to the editor. Therefore, we propose to agree on the first bullet and drop the second bullet. 
Proposal: 
For Rel-17 PS codebook
·        Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3.
UCI omission
In Rel. 16, for the coefficient ordering, the rank index is given the highest priority followed by the port index and followed by the FD index. Unlike Rel. 16, where the maximum number of selected port indices is 8 for both polarizations, the number of port indices in Rel. 17 can be as high as 32. Therefore, employing the Rel. 16 coefficient ordering for Rel. 17 PS CB may highly likely result in the dropping of the precoder coefficients associated with the second polarization in the event of an omission. Dropping the coefficients associated with the second polarization results in the reporting of a smaller number of coefficients compared to the actual number of coefficients. This can be seen as the case where the UE is configured with either small number of ports or with a small number of non-zero coefficientss. Moreover, it has been shown by several companies in the previous meetings that selecting small number of ports results in a performance loss, which is why larger  values  have been agreed for the number of maximum number of selected ports. Therefore, unlike Rel. 16, equal priority shall be given to the coefficients of both polarizations in order to minimize the loss in the event of UCI omission.  In the following, a slightly modified version of the Rel. 17 coefficient ordering scheme is therefore presented. 
Observation: Due to the high number of selected ports, the precoder coefficients associated with the second polarization are more likely to be dropped in the event of UCI omission when Rel. 16 coefficient ordering is re-used for the Rel. 17 PS CB.
Proposal: Equal priority shall be given to the precoder coefficients of both polarizations. 
1) At first, the precoder coefficients associated with all RI layers,  port indices and  FD indices are grouped into two coefficient subsets as follows:
· The first coefficient subset  comprises all non-zero coefficients associated with the first  port indices i.e.,  port indices of the first polarization, all RI layers and  indices, and the non-zero coefficients associated with first  port indices   port indices of the second polarization, all RI layers and  indices. 
· The second coefficient subset comprises all non-zero coefficients associated with the remaining  port indices i.e.,  port indices of the first polarization, all RI layers and  indices, and the non-zero coefficients associated with the remaining  port indices  port indices of the second polarization, all RI layers and  indices. 
2) The coefficients in each coefficient subset are ordered according to the coefficient ordering of Rel. 16 CSI reporting. 
Proposal: Support grouping of non-zero coefficients into two coefficient subsets, where each coefficient subset comprises the precoder coefficients associated with  ports of the first polarization and  ports of the second polarization.
Proposal: Coefficient ordering in each coefficient subset follows the coefficient ordering of Rel. 16. 
CSI enhancements for Multi-TRP
Power control offset for NCJT measurement hypothesis
It was discussed in the last meeting that the powerControlOffset which is configured in Rel. 15/16 per NZP CSI-RS resource may not be accurate for CQI calculation for an NCJT measurement hypothesis. The powerControlOffset indicates the ratio of the PDSCH EPRE to NZP CSI-RS EPRE. Specifically, in TS 38.214, sec. 5.2.2, it is stated that “The corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE equal to the ratio given in Clause 5.2.2.3.1.” In the current M-TRP CSI feedback, a CMR pair is associated with a NCJT hypothesis, where each CMR is associated with a TRP. Morevoer, it is clear from the above that the mapping is specific with respect to the CSI-RS ports of each CMR. Hence, in our view spec is clear and no moficiations are required. 
Proposal: Support Alt 3, i.e., no change to definition or configuration of Pc ratio.
RI restriction
In the last meeting six different alternatives for rank restriction for M-TRP CSI feedback were discussed. The different alternatives provide different flexibilities, but also different UE complexities and configuration overheads. In our view, a simple RI restriction for M-TRP transmission is preferred. The maximum number of layers for different TRPs will mainly be identical in M-TRP deplyoments. Therefore, it seems sufficient to configure a single RI restriction per CodebookConfig for both S-TRP and NCJT measurement hypotheses. 
Proposal: Support Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
CBSR 
Similar to the RI restriction, codebook subset restriction (CBSR) can be supported for M-TRP CSI feedback. As the channel conditions for the UE-TRP links can be different for the two TRPs, there should be one CBSR configuration per TRP.
Proposal: Support CBSR configuration per TRP.
Conclusions
Based on the above discussions, we have the following observations and proposals. 
Observation: For higher ranks, layer-common port selection results in a lower feedback overhead compared to layer-specific port selection. 
Proposal: For rank 3 and rank 4, support layer-common port selection. 
Proposal: For rank 1 and rank 2, support  from . 
Proposal: For rank 1 and rank 2, support indication of the selected FD basis using  bits
Observation: No significant performance loss is observed when reducing the window size  from  to  for higher rank e.g., for rank 3. 
Proposal: Considering feedback overhead, the size of the window can be fixed to the number of delays  for ranks 3 and 4, i.e., .
Proposal: Support coefficient ordering such that the coefficients associated with the FD component of the strongest coefficient are placed in group 1. 
Proposal: For Rel-17 PS codebook
·        Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3.
Observation: Due to the high number of selected ports, the precoder coefficients associated with the second polarization are more likely to be dropped in the event of UCI omission when Rel. 16 coefficient ordering is re-used for the Rel. 17 PS CB.
Proposal: Equal priority shall be given to the precoder coefficients of both polarizations. 
Proposal: Support grouping of non-zero coefficients into two coefficient subsets, where each coefficient subset comprises the precoder coefficients associated with  ports of the first polarization and  ports of the second polarization 
Proposal: Coefficient ordering in each coefficient subset follows the coefficient ordering of Rel. 16. 
Proposal: Support Alt 3, i.e., no change to definition or configuration of Pc ratio.
Proposal: Support Alt 1: One RI restriction is configured per CodebookConfig, whereas the RI restriction is applied to both Single-TRP and NCJT measurement hypotheses. 
· If rank restriction of X is configured, reported rank is X for a Single-TRP measurement hypothesis and sum of two reported ranks is X for a Multi-TRP measurement hypothesis. 
Proposal: Support CBSR configuration per TRP.
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Table 1: Simulation parameters
	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

	Inter-BS distance
	200m 

	Channel model
	The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 


	Antenna setup and port layouts at gNB
	· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 


	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 


	BS Tx power 
	44dBm 

	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 

	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


	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. 


	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897. 

	FDD DL/UL calibration error model at gNB
	[image: ]
· 
 is the spatial UL channel at gNB side with calibration error
· 
 is the ideal spatial UL channel without calibration error
· E represents the mismatch of transmission and reception circuits of gNB
· ai is the amplitude error 
· i is the phase error
· N is the number of antennas at gNB side 

With amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant either across whole simulation bandwidth or per 4 PRB at frequency. Companies shall report the assumption of error modelling at frequency.  
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