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Introduction
The endorsed Rel.17 NR FeMIMO WID includes the following objective [1]:
	4. Enhancement on CSI measurement and reporting:
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



This contribution provides Samsung’s view on the two above-mentioned CSI enhancement items. 

NC-JT CSI enhancements
In RAN1#102-e [2], it was agreed to study NC-JT CSI enhancements under the following two categories:
	Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements



Each category fits for different deployment scenario for multi-TRP. Category 1 is suitable for the scenario where multiple TRPs are connected via an ideal or low-latency backhaul. In this case, CSIs of multiple TRPs can be transmitted via a single PUCCH/PUSCH of which UL beam targets for one of the TRP. This is exactly same with the case where the HARQ-ACK is transmitted in single-DCI based framework, or joint HARQ-ACK is transmitted in multi-DCI based framework. Meanwhile, Category 2 is suitable for the case where multiple TRPs are connected via a non-ideal backhaul. In this case, CSIs of multiple TRPs would be transmitted with separate PUCCH/PUSCH targeting for the respective TRPs. This is exactly same with the case where separate HARQ-ACK is transmitted in multi-DCI based framework. Hence, our understanding is that Category 1 is applicable for both single- and multi-DCI based framework while Category 2 is applicable for multi-DCI based framework where UCI needs to be transmitted separately per TRP. NW configured with multi-DCI based framework would know which is suitable between Category 1 or 2, and it can inform UE which category to be used by a higher layer signaling.
For both Categories 1 and 2, a CSI reporting setting is associated with multiple CSI measurement entities where each of them corresponds to different TRP or TCI states. In RAN1#102-e, three alternatives are enlisted to defined CSI measurement entity for a TRP: i) CSI-RS port group, ii) CSI-RS resource, iii) CSI-RS resource set. Since current Rel-16 QCL framework assigns TCI state per CSI-RS resource, CSI-RS resource is already used as a CSI measurement entity for a TRP and no other alternatives are necessary.
In Rel-16 CSI framework, a CSI-RS resource can be used as a CMR and/or NZP-IMR. To accurately measure CSI for NC-JT transmission, CMR and NZP-IMR should be measured together as a pair depicted in Figure 1. To reduce the RS overhead, it is desirable to reuse CMR as NZP-IMR as well. Rel-16 specification already allows such reuse only when CSI-RS is precoded, since NZP-IMR needs to be precoded such that each port corresponds to the interference transmission layer. To provide more flexibility on CSI resource configuration, it is beneficial to allow non-precoded CSI-RS for CMR to be reused as IMR.
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Figure 1. CMR and IMR configuration for NC-JT CSI measurement.

Proposal 1: On CSI enhancements for multi-TRP,
· Support Category 1 for single-DCI based multi-TRP
· Allow UE to be configured between Category 1 and 2 for multi-DCI based multi-TRP
· Support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS

When coordinated scheduler is available for multi-TRP, NW would dynamically switch between NC-JT and non-NC-JT transmission according to the traffic condition and channel quality. For such operation, non-NC-JT CSI report can be configured as well as NC-JT CSI report but it is redundant since only one of those reports are utilized for data scheduling. Another approach is to allow UE to choose only one of those reports according to channel condition and omit the others from reporting. If {CMR, IMR} pairs for non-NC-JT CSI and those for NC-JT CSI are configured together within a same resource setting, such omission can be done implicitly by CRI. One example of such resource setting is depicted in Figure 2. On each {CMR, IMR} pair in Figure 2, CMR indicates the CSI-RS from corresponding TRP, and IMR would indicate CSI-RS/CSI-IM according to the non-NC-JT or NC-JT interference hypothesis. If UE would like to report NC-JT CSI, two corresponding {CMR, IMR} pairs would be chosen, else a single {CMR, IMR} pair will be selected to report non-NC-JT CSI. The chosen {CMR, IMR} pairs can be indicated to gNB by the CRI value.
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Figure 2. Example of CSI resource setting for dynamic NC-JT CSI reporting

The amount of UCI for the proposed CSI report can vary much according to the selected CRI value. If the selected CRI value is for NC-JT CSI, the UCI would contain two sets of {RI, PMI, CQI} for cooperating TRPs. Otherwise, the UCI would contain one set of {RI, PMI, CQI} for a single TRP. To handle the varying amount of UCI, we can extend two-part UCI structure in Rel-16 for the NC-JT CSI report. For example, UCI comprises a two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for two TRPs and (2) an indication about remaining CSI for two TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has a variable payload, and comprises remaining CSI for two TRPs.

Proposal 2: Propose UE-selected dynamic reporting between NC-JT and non-NC-JT CSI 
· Study UCI structure optimized for dynamic NC-JT CSI report

The proposed CSI report requires additional CSI computational complexity to take into account the mutual interference in NC-JT. As CPU occupation rule in the current spec is designed for legacy CSI, the proposed CSI report needs new CPU occupation rule considering the additional CSI computational complexity. Practical implementation aspects should be taken into account in designing the new CPU occupation rule.

Proposal 3: Design new CPU occupation rule for dynamic NC-JT CSI report 

We provide a preliminary SLS result to evaluate the gain by the proposed NC-JT CSI reporting. In the proposed CSI reporting, UE reports both or one of NC-JT and non-NC-JT CSIs from the two best TRPs having the highest RSRP. From those CSIs, NW schedules NC-JT or DPS dynamically according to the reported CSI and NW traffic conditions. For a fair comparison, we set the two baseline schemes:
1) Scheme 1 (DPS): UE always reports non-NC-JT CSI from the two best TRPs. NW schedules DPS according to the reported CSI.
2) Scheme 2 (non-NC-JT CSI only): UE reports non-NC-JT CSI only from the two best TRPs. NW schedules NC-JT according to the non-NC-JT CSI so that CSI mismatch would occur. When one of the two best TRPs is not available for scheduling, NW schedules a UE via DPS.
Table 1 shows the UPT gain by NC-JT with proposed CSI reporting compared to the baseline schemes. We can observe that proposed CSI reporting achieves substantial 50% and cell-edge UPT gain compared to scheme 2 (case with CSI mismatch), 36.42% and 16.41% respectively, which implies that proposed CSI reporting is necessary to enhance NW throughput when NC-JT is used.


Table 1. UPT gains of NC-JT by proposed CSI reporting.
	
	5% UPT
	50% UPT
	Mean UPT

	
	Value
	Gain over DPS
	Value
	Gain over DPS
	Value
	Gain over DPS

	Scheme 1 (DPS)
	87.0 Mbps 
	-
	162.9 Mbps 
	-
	169.0 Mbps 
	-

	Scheme 2 (NC-JT w. CSI mismatch)
	89.8 Mbps
	3.25%
	185.0 Mbps
	13.59%
	206.9 Mbps
	22.38%

	Proposed (NC-JT w. dynamic CSI report)
	104.5 Mbps
	20.19%
(+16.41% from scheme 2)
	252.4 Mbps
	54.95%
(+36.42% from scheme 2)
	252.1 Mbps
	49.15%
(+21.87% from scheme 2)



Observation 1: NC-JT scheduling according to dynamic NC-JT CSI report provides substantial UPT gain versus that according to non-NC-JT CSI (with the CSI mismatch).

CSI enhancements for FDD
1.1 Baseline and reference performance
Based on the WID description [1], the first part of the objective is about the evaluation (study) phase of this item. In our view, for the study phase, the best possible scheme from Rel.15/16 should be considered as a reference performance.  In this subsection, we present simulation results to compare different schemes based on Rel. 15/16 NR codebooks (CBs) in order to determine the best possible scheme. The following Rel. 15/16 codebooks are compared.
· Rel. 15 Type I (T1), Config1
· Rel. 15 regular Type II (reg. T2)
· Rel. 16 reg. T2
· Rel. 16 port selection (PS) T2
· DFT-based CSI-RS beamforming 
· Ideal (Eigenvector-based) CSI-RS beamforming 

The UPT vs overhead tradeoff results for these codebooks are shown in Figure 1, where the simulation assumptions are according to the agreed EVM in RAN1#102-e, which are also copied in Table 3 in the appendix. We can make the following observation from these results.

Observation 2: based on UPT vs overhead tradeoff, Rel. 16 reg. T2 CB is better than Rel. 16 PS T2 CB for both DFT-based and ideal CSI-RS beamforming
· Note: ideal beamforming is a performance outer bound

Based on the above observation, we propose the following.

Proposal 4: for the study phase of Rel. 17 FDD CSI enhancement, use Rel. 16 reg. T2 CB as a reference performance, in addition to the Rel. 16 PS T2 CB “baseline”
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1.2 Discussion on potential enhancements
The second part of the objective is about potential enhancements, about which the following agreement was made in RAN1#102-e [2].
	Agreement
Taking Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) as a starting point, study following aspects, taking into account trade-off among UE complexity, performance and reporting/RS overhead: 
· Enhancement on codebook structure, e.g.,:   
· (Alt 1)Enhancement based on R16 Type II PS CB type structure 
· Enhancements on W1 quantization, e.g., 
· With enhanced port selection in W1  
· With modified value range of L taking into account beamforming mechanism for CSI-RS;
· With layer-specific port selection
· Enhancements on Wf quantization, e.g., 
· With a smaller value of Mv 
· With a modified value range of R
· With multiple values of Mv for different SD basis
· With enhanced FD basis selection in  Wf 
· Restrictions/Relaxation, e.g. 
· for the size of the PMI indicators for SD basis, FD basis and bitmap.
· How UE distinguishes SD basis and FD basis or in a pre-defined set
· Enhancement on W2 quantization: coefficients for selected ports
· (Alt 2)Enhancement based on R15 Type II PS CB type structure 
· Enhancement on W1 quantization, e.g.,: enhanced port selection, X out of P SD-FD pairs are selected 
· XP (if polarization independent) or P/2 (if polarization common) whereas P  PCSI-RS  only or P can be larger than PCSI-RS 
· How to map P SD-FD pairs into PCSI-RS CSI-RS ports and inform to UE
· Enhancement on W2 quantization: coefficients for the selected X pairs 
· etc.
· Enhancements on indication/reporting mechanism, e.g.: 
· Separate triggering for reporting of  W1 and Wf  (for Alt 1) or reporting of W1 and the rest of the PMI components (for Alt 2)
· Report only a subset of PMI components 
· Enhancement on SD/FD basis indication, selection and reporting mechanism 
· UE reporting to support gNB calibration including UL/DL time difference;
· CQI enhancements, e.g., CQI reporting mechanism considering FDD reciprocity
· etc.
· Enhancements on RS triggering/signaling/transmission mechanism, e.g. for SRS and/or CSI-RS, CSI-RS utilization conveying one or more SD-FD pairs per port, timing restrictions between SRS and CSI-RS transmission, etc
· Other enhancement are not excluded


 
Our view about some of the potential enhancements in the agreement is provided below.

The first potential enhancement is regarding the codebook structure. There are two alternatives in the agreement. However, since the two alternatives are rather high-level, companies may have different understanding about them. For performance evaluation, it will be helpful if the two alternatives are refined by adding more details. We provide our view about the two alternatives next. In our view, the two alternatives differ in how CSI-RS ports are beam-formed, how port selection is performed by the UE, and whether information about CSI-RS beamforming is communicated to the UE. The two alternatives are illustrated in Figure 1.

[image: cid:image034.png@01D67C5D.57903680]
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In Alt1, the CSI-RS beamforming and port selection are performed separately in spatial domain (SD) and frequency domain (FD). For example, there are  beam-formed CSI-RS ports in total that are beam-formed using  beam-forming vectors in SD and  beam-forming vectors in FD. The UE selects SD ports (out of  SD ports) and  FD ports (out of  FD ports) separately. This is similar to SD and FD basis vector selection in Rel. 16 reg. or PS T2 codebooks. This is shown in the top part of Figure 1. The information such as the values of  and  is communicated to the UE. The rest of the UE procedure is the same as Rel. 16 reg. or PS T2 codebooks. That is, the UE determines  non-zero (NZ) coefficients (out of ), and amplitude/phase of the NZ coefficients. 

In Alt2, the CSI-RS beamforming is determined based on of SD-FD pairs of beam-forming vectors. Each beam-formed CSI-RS port is associated with a pair of SD-FD beam-forming vectors. The pair of SD-FD beam-forming vectors associated with a CSI-RS port is different from that associated with another CSI-RS port in general. There is no need for communicating any information about the beam-forming to the UE. The UE selects out of  (if polarization independent) or  (if polarization common) ports. The UE then determines the amplitude/phase of the selected  ports. This is akin to Rel. 15 T2 PS codebook except that the amplitude/phase of the selected  ports are reported in a WB manner.

Another potential enhancement is regarding indication/reporting mechanism. For example, the PMI components (e.g. from Rel.16 PS T2 codebook) can be partitioned into two sets (S1 and S2), wherein S1 is not reported by the UE, and the gNB obtains S1 based on SRS by utilizing DL/UL reciprocity of angle and delay, and S2 is reported by the UE. There could also be some signalling about S1 to the UE.

Proposal 5: for performance evaluation,
· refine the two codebook structure alternatives: 
· Alt1:
·  CSI-RS ports, where  beam-forming vectors  in SD and  beam-forming vectors  in FD
· Codebook components: 
· Selection of out of  SD ports and  out of  FD ports
·  NZ coefficients
· Amplitude/phase of the selected NZ coefficients
· Alt2: 
·  CSI-RS ports, each associated with a pair of SD-FD beam-forming vectors 
· Codebook components:
· Selection of  out of  or  ports
· Amplitude/phase of the selected  ports
· study indication/reporting mechanism such as reporting only a subset of PMI components from Rel.16 Type II PS codebook

1.3 Simulation results
The simulation results comparing the following schemes are provided in this subsection.
· Reference codebook: R15 T1, Config1
· Baseline codebooks: R16 reg. T2 and Rel. 16 PS T2
· R17 enhancements 
· Alt1 (R16 CB based) as described in subsection 3.2
· Alt2 (R15 based) as described in subsection 3.2
· paramCombination = 1-8 (same as Rel. 16), shown in Table 1
· paramCombination = 9-14, shown in Table 2
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	paramCombination
	
	
	

	
	
	
	
	

	1
	2
	¼ 
	1/8 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8
	¼ 

	4
	4
	¼ 
	1/8
	½ 

	5
	4
	¼ 
	¼ 
	¾

	6
	4
	½ 
	¼ 
	½ 

	7
	6
	¼ 
	- 
	½ 

	8
	6
	¼ 
	-
	¾ 
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	paramCombination
	
	
	

	9
	2
	1
	1

	10
	2
	2
	1

	11
	4
	1
	1

	12
	4
	2
	1

	13
	6
	1
	1

	14
	6
	2
	1



The simulation assumptions are according to the agreed EVM in RAN1#102-e, which are also copied in Table 3 in the appendix. As reference, Rel. 15 Type I, Config 1 is considered. The UPT vs overhead tradeoff results for these codebooks are shown in Figure 3 (for paramCombination 1-8 in Table 1) and Figure 4 (for paramCombination 9-14 in Table 2). We can observe the following.

Observation 3: based on UPT vs overhead tradeoff,
· Alt1 shows marginal gain over R16 PS T2, but is worse than Alt2
· Alt2 achieves similar performance-overhead tradeoff as R16 regular T2
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Conclusion
In this contribution, the following observations and proposals are made: 

NC-JT CSI enhancements

Proposal 1: On CSI enhancements for multi-TRP,
· Support Category 1 for single-DCI based multi-TRP
· Allow UE to be configured between Category 1 and 2 for multi-DCI based multi-TRP
· Support CMR to be re-used as IMR for both non pre-coded and pre-coded CSI-RS

Proposal 2: Propose UE-selected dynamic reporting between NC-JT and non-NC-JT CSI 
· Study UCI structure optimized for dynamic NC-JT CSI report

Proposal 3: Design new CPU occupation rule for dynamic NC-JT CSI report

Observation 1: NC-JT scheduling according to dynamic NC-JT CSI report provides substantial UPT gain versus that according to non-NC-JT CSI (with the CSI mismatch).
 
FDD CSI enhancements

Observation 2: based on UPT vs overhead tradeoff, Rel. 16 reg. T2 CB is better than Rel. 16 PS T2 CB for both DFT-based and ideal CSI-RS beamforming
· Note: ideal beamforming is a performance outer bound

Proposal 4: for the study phase of Rel. 17 FDD CSI enhancement, use Rel. 16 reg. T2 CB as a reference performance, in addition to the Rel. 16 PS T2 CB “baseline”

Proposal 5: for performance evaluation,
· refine the two codebook structure alternatives: 
· Alt1:
·  CSI-RS ports, where  beam-forming vectors  in SD and  beam-forming vectors  in FD
· Codebook components: 
· Selection of out of  SD ports and  out of  FD ports
·  NZ coefficients
· Amplitude/phase of the selected NZ coefficients
· Alt2: 
·  CSI-RS ports, each associated with a pair of SD-FD beam-forming vectors 
· Codebook components:
· Selection of  out of  or  ports
· Amplitude/phase of the selected  ports
· study indication/reporting mechanism such as reporting only a subset of PMI components from Rel.16 Type II PS codebook

Observation 3: based on UPT vs overhead tradeoff,
· Alt1 shows marginal gain over R16 PS T2, but is worse than Alt2
· Alt2 achieves similar performance-overhead tradeoff as R16 regular T2
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	Parameter
	Value

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

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

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

	Inter-BS distance
	200m 

	Reciprocity model
	Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (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 
	44 dBm for 20MHz

	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 with 15kHz SCS

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

	MIMO scheme
	SU/MU-MIMO, rank 1 only

	MIMO layers
	Up to 4 layers

	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 
	CSI-RS, DMRS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO, rank 1 only

	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
	User throughput vs CSI feedback overhead 

	Baseline for performance evaluation
	Rel-16 regular and PS eTypeII codebooks

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm

	FDD DL/UL calibration error model at gNB
	
According to R1-144943, 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 per 4 PRB at frequency.



Rank 1

R15,L=2,3,4	176	236	347	1.1593383681601261	1.1847287216790994	1.2044664782467682	R16, reg. T2, ParamComb=1-6	62	91	109	166	223	276	1.1305657230227495	1.1559097437798269	1.1664272807302045	1.20627345596071	1.2220265950053284	1.2491775934763472	R16, PS T2, ParamComb=1-6, DFT	56	85	101	158	215	268	0.95056294305703559	0.99675670666728455	1.0778390399851736	1.1391372839734977	1.1320020386415235	1.1634156512069684	R16, PS T2, ParamComb=1-6, Ideal	56	85	101	158	215	268	1.0419774822777186	1.0854376129361072	1.1288977435944956	1.1719872121577168	1.1862113700597694	1.2036324885326415	R15,T1,Config1	19	1	Rank 1 overhead


Avg. UPT




R16, reg. T2, ParamComb=1-6	62	91	109	166	223	276	1.1305657230227495	1.1559097437798269	1.1664272807302045	1.20627345596071	1.2220265950053284	1.2491775934763472	R16, PS T2, ParamComb=1-6, DFT	56	85	101	158	215	268	0.95056294305703559	0.99675670666728455	1.0778390399851736	1.1391372839734977	1.1320020386415235	1.1634156512069684	R15,T1,Config1	19	1	Alt1, ParamComb=1-8, DFT	43	72	88	145	202	254	218	303	0.92869387944215365	1.0048186072371776	1.0662095167492935	1.1354306630218227	1.1570217300653294	1.1662882824445167	1.1888523374878377	1.2152156790066257	Alt2, ParamComb=1-8, DFT	43	72	88	145	202	254	218	303	1.0842329611268129	1.1283417504517446	1.1262567761664273	1.1939026085344948	1.2202659500532826	1.2363897511930686	1.2340731130982721	1.2407450308112868	Rank 1 overhead


Avg. UPT




R16, reg. T2, ParamComb=1-6	62	91	109	166	223	276	1.1305657230227495	1.1559097437798269	1.1664272807302045	1.20627345596071	1.2220265950053284	1.2491775934763472	R16, PS T2, ParamComb=1-6, DFT	56	85	101	158	215	268	0.95056294305703559	0.99675670666728455	1.0778390399851736	1.1391372839734977	1.1320020386415235	1.1634156512069684	R15,T1,Config1	19	1	Alt1, ParamComb=9-14, DFT	27	56	56	113	85	170	0.94463234953435593	0.97891859333734887	1.0590742714173194	1.0996154380762639	1.1098086456933698	1.1541954315896772	Alt2, ParamComb=9-14, DFT	27	56	56	113	85	170	1.0531900106565353	1.110410971598017	1.110410971598017	1.170411898253255	1.1454385395913451	1.204744474818144	Rank 1 overhead


Avg. UPT
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