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1. [bookmark: _Ref27419]Introduction
In RAN1#112bis meeting, some agreements about network energy saving in spatial and power domain were achieved as below [1]:
	Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases
Agreement (modified as shown in April 19th GTW session)
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.
· FFS: Whether one or more than one resource can be configured in the resource set
Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content.


	Agreement 
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement

Agreement 
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was objected by not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1
Conclusion
New CSI-RS resource (RE mapping) pattern is not introduced for R18 network energy savings purpose.
· Note: CSI-RS resource (RE mapping) pattern above refers to a row in TS 38.211 Table 7.4.1.5.3-1 determining CSI-RS locations within a slot.
Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed
Agreement
For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE.
Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration,
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.
Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports
Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.

Conclusion
From RAN1 perspective, there is no action needed for the LS R1-2302288 from SA5 this time.


In this paper, the enhanced CSI measurement/ reporting and dynamic indication for spatial and power domain adaptation are discussed. 
2. Necessity of multiple CSI reports
If the number of antennas for CSI-RS is changed dynamically, the CSI reported before the adaptation will be out-of-state for the data scheduling after adaptation. Therefore, it will be beneficial if UE report CSIs for different numbers of CSI-RS ports in advance so that gNB has more information about channel state of different number of ports, it has more choices to adapt the antenna patterns to fit into traffic arrival and channel condition without sacrificing network energy saving gain (ESG) and system performance.
[bookmark: _Toc10058]In this section, the evaluation results of dynamic antenna adaptation with multi-CSI report and single CSI report are provided. FTP3 with 20KByte packet size is used. The simulation assumptions are provided in Appendix A.1, where the simulation scenario is TDD.
In dynamic antenna adaptation with single CSI report, the gNB can dynamically change the TxRUs among {64TxRUs, 32TxRUs} based on the reported CSI and traffic arrival, where UE reports CSI for 64 ports or 32 ports CSI based on gNB antenna adaptation.
In dynamic antenna adaptation with multi-CSI in one report, the CSI of {64ports, 32ports, 16ports, 8ports} are reported simultaneously, the gNB can dynamically change the TxRUs among {64TxRUs, 32TxRUs, 16TxRUs, 8TxRUs} for PDSCH transmission based on the reported multi-CSI.

 Simulation results for spatial domain

According to simulation results in Figure 1, multi-CSI in one report provides additional 17.36% ESG compared with single CSI report. And multi-CSI report has less UPT loss than single CSI report.
[bookmark: _Toc7715][bookmark: _Toc14536][bookmark: _Toc1604][bookmark: _Toc25223][bookmark: _Toc14314][bookmark: _Toc1477][bookmark: _Toc11112][bookmark: _Toc31731][bookmark: _Toc30555][bookmark: _Toc19402][bookmark: _Toc127521888][bookmark: _Toc5756][bookmark: _Toc22402]Multi-CSI in one report provides additional 17.36% ESG and less UPT loss compared with single CSI report.
[bookmark: _Toc13660]Based on the evaluation results, it is clear that multi-CSI in one report should be supported due to the trade-off between network energy saving gain and system performance. Furthermore, to provide more chances of NES, the multi-CSI in one report should be applicable to all of the CSI reporting types, i.e., periodic CSI, semi-persistent CSI, aperiodic CSI. However, according to the discussion in the last meeting, multi-CSI in one report to be applied to periodic CSI is still pending due to the diverse views on supporting N<L sub-configurations for periodic CSI. In our views, the periodic CSI measurement and reporting are widely deployed in the 4G and 5G communication system due to the significant benefits of less signalling overhead. Therefore, to inherit this benefit, N=L should be supported as the baseline for periodic multi-CSI in one report. While N<L can be additionally considered.
[bookmark: _Toc13027]For periodic multi-CSI in one report, N=L should be supported as the baseline, N<L can be additionally considered.
3. CSI enhancement in spatial domain
3.1. High layer configuration
3.1.1. CSI-RS resource configuration
In RAN1#112bis meeting, the following two CSI-RS resource configurations were agreed. The working assumption is that the two configurations are supported, but the details need further study.
	Agreement (modified as shown in April 19th GTW session)
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.
Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for


For A1-1-revised, multiple CSI-RS resource should be configured separately and gNB indicates which CSI-RS resource(s) is used for CSI measurement and reporting. The CSI-RS resource configuration has high flexibility. However, the overhead of RRC signaling and CSI-RS transmission is increased for multiple CSI reports. 
[bookmark: _Toc28560][bookmark: _Toc7563][bookmark: _Toc28144][bookmark: _Toc2257]For A1-1-revised CSI-RS resource configuration, it has the following pros and cons:
· [bookmark: _Toc14269][bookmark: _Toc11271][bookmark: _Toc6280][bookmark: _Toc20610]High flexibility in CSI-RS resource configuration 
· [bookmark: _Toc30344][bookmark: _Toc751][bookmark: _Toc21989][bookmark: _Toc6010]Large overhead of both RRC signaling and CSI-RS transmission
For A1-2-revised, since the measurement resources for different port numbers are nested, a smaller number of CSI-RS resources needs to be configured for other CSI measurements, the overhead of both RRC signaling and CSI-RS transmission is smaller. In addition, it provides more opportunities of network energy saving with less DL transmission. And as common resource is used for the CSI measurement of different CSI-RS port numbers, the measurement results will be highly correlated among the CSIs. The correlation can be used to reduce the overhead and complexity of CSI reports. 
[bookmark: _Toc8870][bookmark: _Toc8219][bookmark: _Toc3300][bookmark: _Toc27148]For A1-2-revised CSI-RS resource, it has the following benefits:
· [bookmark: _Toc30834][bookmark: _Toc3399][bookmark: _Toc7084][bookmark: _Toc15972]Less overhead of both RRC signaling and CSI-RS transmission
· [bookmark: _Toc15894][bookmark: _Toc4334][bookmark: _Toc14411][bookmark: _Toc1462]More network energy saving with less DL transmission
· [bookmark: _Toc7481][bookmark: _Toc18117][bookmark: _Toc21718][bookmark: _Toc31597]High correlation among multiple CSIs
Considering the pros and cons of these two alternatives, both configurations should be supported. Regarding which type of SD adaptation that A1-1-revised and A1-2-revised are applicable for, it is an implementation issue. gNB can decide when and how to configure CSI-RS resources for NES purpose. Furthermore, it is commonly understood that the spatial adaptation type will be transparent in specification. Therefore, it is suggested to confirm the main bullet in the WA without the sub-bullet.
[bookmark: _Toc2378]Confirm the working assumption:
[bookmark: _Toc13823]Al-1-revised and A1-2-revised are supported
[bookmark: _Toc26511]	FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for
In current spec, one configuration restriction is that all CSI-RS resources within one set are configured with same nrofPorts, except for the NZP CSI-RS resources used for interference measurement. For A1-2-revised, gNB only needs to configure one or more CSI-RS resource with largest number of ports. The other CSI-RS resources with other number of ports are subsets of the configured CSI-RS resource. Thus, the number of ports should be same and follow the current restriction. 
[bookmark: _Toc5507]For A1-2-revised, the restriction that all CSI-RS resources within one set are configured with same nrofPorts should not be changed.

3.1.2. CSI report configuration
In RAN1#112bis meeting, it is agreed that multi-CSI in one report is supported, where a CSI report configuration can be configured with L sub-configuration(s), and the parameters in sub-configuration is as the following.
	Agreement 
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was objected by not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1

Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content.



· Type 1 spatial adaptation
For type 1 spatial adaptation, A1-2-revised is preferred. In this case, gNB configures common CSI-RS resource(s) with the largest number of ports, UE uses all of or subset of the ports for multi-CSI measurement and report. To determine which subset of ports is used, how the port subset is indicated should be discussed.
For port subset indication, it should be discussed whether it is explicitly indicated or implicitly derived. Explicit indication means a signaling (e.g., a bitmap) is used to indicate which ports (via a port subset indication) are used for CSI measurement. The explicit indication is clear and straightforward. This kind of port subset selection is also flexible, which is friendly to gNB implementation. Implicit derivation means the port subset are derived according to a predefined rule (e.g., the first X ports). Thus, the port selection flexibility is low. It is also noticed that precoding matrix design in TS 38.214 has some implications in the mapping order of port index, like first in one polarization then in the other polarization. However, other details, it is an implementation gNB issue. Therefore, it will be complicated to design a proper implicit indication method that is applicable for different gNB implementations and different combinations of (N1, N2).
[bookmark: _Toc7855][bookmark: _Toc1763][bookmark: _Toc11920][bookmark: _Toc13596]For port subset indication, compared with implicit derivation, explicit indication has higher flexibility and better applicability to different gNB implementation of port mapping and different combinations of (N1, N2).
[bookmark: _Toc18091]For CSI report configuration, if L>1 in a CSI report configuration, port subset indication (e.g., a bitmap) is explicitly included in each sub-configuration for Type 1 SD adaptation.
To explicitly indicate port subset, a bitmap can be used. For example, 32 bits are used for a maximum number of 32 CSI-RS ports, and each bit corresponds to one port.
One thing should be noted is that the two ports which are in same position but different polarization directions should be selected simultaneously. Otherwise, the system performance will be severely affected. 
[image: ]
Dual polarized antenna
To ensure that the two ports with different polarization directions are selected at the same time, each bit in the bitmap can be used to indicate dual polarization directions. For example, if 16 ports need to be selected via bitmap from 32 ports. A bitmap ‘1111 0000 0000 0000’ means ports with indexes of ‘{0,16}, {1,17}, {2,18}, {3,19}’ are selected. Using this method, the overhead of the bitmap configuration can be reduced.
[bookmark: _Toc14679]To reduce signaling overhead and guarantee performance, each bit in a bitmap corresponds to two ports with different polarization directions but in same position.
One of the benefits of the nested structure supported by Alt 1-2-revised is that the correlation of the CSIs of different port subsets is high, and it can be used to reduce CSI report overhead via a common PMI. Therefore, one common configuration for the CSI-RS resource with the largest number of ports is enough, the parameters of PMI (e.g., N1, N2, Ng, codebook subset restriction, codebook type) for other ports are not needed. The details about common PMI can be found in section 3.2.1. 
[bookmark: _Toc2165][bookmark: _Toc17891][bookmark: _Toc12895][bookmark: _Toc8955]If reporting a common PMI for multi-CSIs is supported, there is no need to configure parameters of PMI (e.g., N1, N2, Ng, codebook subset restriction, codebook type) for each CSI report sub-configuration.
[bookmark: _Toc26969]If reporting a common PMI for multi-CSIs is supported, configuring one set of parameters of PMI (e.g., N1, N2, Ng, codebook subset restriction, codebook type) for the CSI report sub-configuration corresponding to the largest number of ports.
An exemplary framework of high layer configurations for Alt1-2 is shown as follows:
[bookmark: _Toc12790][image: ]
Example of high layer configurations for Alt1-2-revised
· Type 2 spatial adaptation
For type 2 spatial adaptation, A1-1-revised is preferred, where separate CSI-RS resources are configured and each CSI-RS resource is associated with an antenna pattern. The number of ports will not change for type 2 spatial adaptation, and common configuration parameters for PMI for one antenna pattern is enough. The difference between CSI-RS resources can be distinguished through configuration. For a CSI report configuration enables a UE to report N CSI(s) in one reporting instance, gNB can indicates N CRI(s) or N group indices for UE. However, the CRI(s), or group indices can be configured in CSI-RS resource configuration, and instead of being configured in a CSI report configuration. Thus, sub-configuration(s) is not needed for type 2 spatial adaptation, or the sub-configuration(s) can be group indices or resource index.
An example framework of high layer configurations for type 2 spatial adaptation is as follows:
[image: ]
Example of high layer configurations for type 2 spatial adaptation

3.2. UL overhead reduction
If UE needs to report multiple CSIs for NES, the UL overhead will increase accordingly. Therefore, it was agreed to study how to reduce the UL overhead of CSI reports. In this section, the detailed solution is elaborated.
	Agreement
For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE.



3.2.1. PMI
The payload of PMI is shown in Table 1. It can be seen that the overhead of PMI is determined by N1, N2, O1, O2 and the number of subbands. For example, when UE needs to report CSIs of 32 ports, 24 ports and 16 ports with rank = 3, where (N1, N2) = (8,2) for 32 ports, (N1, N2) = (6,2) for 24 ports, (N1, N2) = (8,1) for 16 ports, codebookMode = 1, no subband PMI. The total payload of wideband PMI is 10 + 10 + 8 = 28 bits. If subband PMI also needs to be reported, the overhead of PMIs can be even larger.
Table 1 PMI of codebookType=typeI-SinglePanel
	
	
Information field  for wideband PMI
	
Information field  for wideband PMI
or per subband PMI

	
	

(,)
	

	


	
	codebookMode=1
	codebookMode=2
	
	codebookMode=1
	codebookMode=2

	
Rank = 1 with >2 CSI-RS ports, 
	

(,)
	

(,)
	N/A
	2
	4

	
Rank = 1 with >2 CSI-RS ports, 
	

(,)
	
(, 0)
	N/A
	2
	4

	
Rank=2 with 4 CSI-RS ports, 
	

 (,)
	
(, 0)
	1
	1
	3

	
Rank=2 with >4 CSI-RS ports, 
	

 (,)
	

(,)
	2
	1
	3

	
Rank=2 with >4 CSI-RS ports, 
	

(,)
	
(, 0)
	2
	1
	3

	Rank=3 or 4, with 4 CSI-RS ports
	

 (,)
	0
	1

	Rank=3 or 4, with 8 or 12 CSI-RS ports
	

 (,)
	2
	1

	Rank=3 or 4, with >=16 CSI-RS ports
	

 (, )
	2
	1

	...
	
	
	


[bookmark: _Toc29498][bookmark: _Toc1244][bookmark: _Toc2427][bookmark: _Toc6653]The overhead of PMI is determined by N1, N2, O1, O2 and the number of subbands. If multiple PMIs need to be reported for multi-CSI, the overhead is large.
Hence, the compression of PMI payload is beneficial to UCI overhead reduction. In the design of precoding matrix, each row corresponds to a CSI-RS port. If a subset ports are used for CSI measurement with the help of resource configuration of A1-2-revised, a promising solution to PMI overhead reduction is to derive the PMI of smaller number of CSI-RS ports via a sub-matrix of the precoding matrix corresponding a larger number of ports.
1   
2   
3   
3.1   
3.2   
3.3   
3.3.1.1   Correlation between precoding matrices of different port numbers
In this section, the correlation coefficients between precoding matrices of different of port numbers are evaluated.

The correlation coefficient shows the correlation between precoding matrices of different of port numbers, and is computed by corrcoef function in MATLAB. The corrcoed function is using , wherein C is the covariance matrix of  and .  is the precoding matrix of a smaller number of ports (i.e., denoted by n) derived by a precoding matrix of larger number of ports (i.e., denoted by N), e.g., deriving precoding matrix of 16 ports from precoding matrix of 32 ports, and is the real precoding matrix of a smaller number of ports (denoted by n, e.g, 16 ports).
In the evaluation, it assumed that the gNB antenna configuration is adapted from 32 ports to 16 or 24 ports, where the muting pattern is shown in Figure 5, Figure 6, and Figure 7. For gNB antenna configuration adapts from 32 ports to 16 ports, both 4×4 and 8×2 antenna arrays are evaluated.
[image: C:\Users\00206166\AppData\Local\Temp\ksohtml14640\wps1.jpg]
Antenna muting pattern 1: adaptation from 32 ports to 16 ports (8×2)
[image: ]
Antenna muting pattern 2: adaptation from 32 ports to 24 ports (8×2)
[image: ]
Antenna muting pattern 3: adaptation from 32 ports to 16 ports (4×4)
The evaluated correlation coefficients between matrix  and matrix  for gNB antenna configuration adaption from 32 ports to 16 or 24 ports are shown in Figure 8, Figure 9, and Figure 10, respectively. The rank is fixed in the simulation in this section.
	[image: ]
	[image: ]

	(a) Rank = 1
	(b) Rank = 2

	[image: ]
	[image: ]

	(c) Rank = 3
	(d) Rank = 4


Correlation coefficient between 32 port-precoding matrices and 16 port-precoding matrices with different Ranks (8×2)
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	(a) Rank = 1
	(b) Rank = 2
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	(c) Rank = 3
	(d) Rank = 4


Correlation coefficient between 32 port-precoding matrices and 24 port-precoding matrices with different Ranks (8×2)
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	(a) Rank = 1
	(b) Rank = 2
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	(c) Rank = 3
	(d) Rank = 4


Correlation coefficient between 32 port-precoding matrices and 16 port-precoding matrices with different Ranks (4×4)



According to the simulation results in Figure 8 , Figure 9, and Figure 10, it can be seen for precoding matrices with 32 ports () and 16 ports, the probability of the correlation coefficient that is greater than 0.6 is about 90% for any rank of 1,2,3,4. For precoding matrices with 32 ports () and 16 ports, the probability of the correlation coefficient that is greater than 0.6 is about 90% for any rank of 1,3,4, and the probability of the correlation coefficient that is greater than 0.6 is about 80% for rank of 2. For precoding matrices with 32 ports () and 24 ports, the probability of the correlation coefficient that is greater than 0.6 is about 80% for the rank of 1 or 2, the probability of the correlation coefficient that is greater than 0.6 is about 70% for the rank of 3 or 4. The correlation between these precoding matrices is high.
[bookmark: _Toc8632][bookmark: _Toc21160][bookmark: _Toc8196][bookmark: _Toc3963]The correlation between the precoding matrices of different CSI-RS port numbers is high. 

3.3.1.2   System performance using the correlation between the two precoding matrices 
Since the precoding matrices of different CSI-RS port numbers are highly correlated, the signaling overhead of PMI can be saved by using one common PMI, i.e., not transmitting the PMI with smaller number of ports. The throughput performance of exploiting this correlation are evaluation for both fixed rank and flexible rank.
· Fixed rank
For evaluation results in Table 2,  is a precoding matrix of 16 ports which is derived from a sub-matrix of the precoding matrix of 32 ports,  is the real precoding matrix reported by PMI of 16 ports CSI-RS. For evaluation results in Table 3,  is a precoding matrix of 24 ports which is derived from a sub-matrix of the precoding matrix of 32 ports,  is the real precoding matrix reported by PMI of 24 ports CSI-RS.
Table 2. Throughput loss of  compared with  for 16 ports (fixed rank)
	SNR(dB)
cases
	-5
	0
	5
	10
	15
	20
	25
	Average

	Configuration: 8×2

	Rank = 1
	-6.44%
	-4.87%
	-0.08%
	-0.13%
	-0.01%
	0.00%
	0.00%
	-1.65%

	Rank = 2
	-3.95%
	-2.88%
	-2.22%
	-0.13%
	-0.17%
	-0.15%
	-0.14%
	-1.38%

	Rank = 3
	0.35%
	-1.9%
	-1.2%
	-0.18%
	0.22%
	-2.23%
	-0.30%
	-0.75%

	Rank = 4
	-0.94%
	-2.64%
	-2.08%
	-4.03%
	-3.32%
	-2.33%
	-3.05%
	-2.63%

	Configuration: 4×4

	Rank = 1
	0.26%
	0.50%
	-0.85%
	-0.69%
	-0.70%
	-0.05%
	0.00%
	-0.22%

	Rank = 2
	-0.70%
	0.15%
	-2.20%
	-0.23%
	-2.69%
	-0.33%
	-0.27%
	-0.90%

	Rank = 3
	-0.60%
	0.45%
	-2.69%
	-5.84%
	-0.64%
	-2.60%
	-2.90%
	-2.12%

	Rank = 4
	0.63%
	-0.14%
	-1.28%
	-1.50%
	-4.45%
	-2.87%
	-3.35%
	-1.85%



Table 3. Throughput loss of  compared with  for 24 ports (Configuration: 8×2 fixed rank)
	SNR(dB)
cases
	-5
	0
	5
	10
	15
	20
	25
	Average

	Rank = 1
	-0.82%
	-0.85%
	-0.82%
	0.04%
	0.00%
	0.00%
	0.00%
	-0.35%

	Rank = 2
	0.30%
	-0.56%
	-0.98%
	0.42%
	-0.71%
	-0.10%
	0.00%
	-0.23%

	Rank = 3
	0.41%
	-0.46%
	-2.80%
	-1.10%
	-1.37%
	-4.19%
	-1.88%
	-1.63%

	Rank = 4
	-0.80%
	-1.39%
	0.21%
	-0.96%
	-2.11%
	-1.98%
	-5.49%
	-1.79%



According to the simulation results in the case of fixed rank, it can be seen that the average throughput loss of derived precoding matrices by a precoding matrix with a larger port number is less than 3% relative to that of using real precoding matrix, i.e., the throughput performance of using a derived precoding matrix and real precoding matrix is nearly the same.
[bookmark: _Toc3846][bookmark: _Toc5304][bookmark: _Toc6679][bookmark: _Toc11491]The throughput performance of using a derived precoding matrix and using a real precoding matrix is nearly the same if rank is fixed.
· Flexible rank
Considering the high correlation and small throughput performance in the case of fixed rank, a promising CSI overhead solution is to using one common PMI, i.e., not transmitting the PMI with smaller number of ports.
The performance comparison of reporting one common PMI and multiple PMIs are evaluated in SLS. In the evaluation of using one common PMI to assist gNB dynamic antenna adaptation, the PMIs of other smaller CSI-RS ports are derived by gNB from a sub-matrix of the precoding matrix of largest CSI-RS ports reported by UE. For comparison, for the antenna adaptation with multiple PMIs, the PMIs corresponding to all the adaptation patterns are reported.
Moreover, it should be noted that the RI may change when the gNB adapts TxRU patterns for energy saving or data transmission. When RI changes for different number of ports, the number of columns of a precoding matrix will change accordingly, which is shown in the evaluation results in Figure 11. It can be seen that when dynamic gNB antenna adaptation among {32ports, 24ports, 16ports} is considered, the RI will not update due to gNB antenna adaptation in most cases (about 80%), while in 20% cases, the RI will be impacted when gNB antenna number is dynamically adapted from 32 ports to 24 or 16 ports.

RI change distribution
To reflect this influence, the RI changes due to spatial adaptation is also considered in the simulations in this section. In this simulation, FTP 3 traffic (packet size = 4KByte, average interval time =10ms) is used. The simulation scenario is FDD, and more detailed simulation assumptions can be seen in Appendix. The following cases are simulated.
Case#1: Dynamic gNB antenna adaptation among {32ports, 24ports,}.
Case#2: Dynamic gNB antenna adaptation among {32ports, 16ports}.
The throughput loss of single PMI reporting compared with multi-PMIs reporting with flexible RI is provided in Table 4. According to SLS simulation results, compared with reporting multiple PMIs, the average throughput loss of single PMI is small when rank is flexible.
[bookmark: _Toc6698][bookmark: _Toc22412][bookmark: _Toc986][bookmark: _Toc23574][bookmark: _Toc10483][bookmark: _Toc26940][bookmark: _Toc31764][bookmark: _Toc29363]Compared with reporting multiple PMI, the average throughput loss of single PMI is small when rank is flexible.
[bookmark: _Toc23640][bookmark: _Toc7240][bookmark: _Toc16408][bookmark: _Toc4832][bookmark: _Toc20754][bookmark: _Toc6458][bookmark: _Toc19345][bookmark: _Toc31987]The performance of single PMI reporting and multiple PMI reporting is similar for both fixed rank and flexible rank.
Table 4 Throughput loss of single PMI reporting compared with multi-PMI reporting with flexible RI for dynamic gNB antenna adaptation
	Throughput loss
	Average UE throughput
	5% UE throughput
	50% UE throughput
	95% UE throughput

	Case#1
	-0.03%
	-0.02%
	-0.04%
	-0.03%

	Case#2
	-0.92%
	-0.51%
	-0.92%
	-1.39%



To this end, it can be concluded that performance of single PMI reporting and multiple PMI reporting is similar and CSI payload can be reduced with single PMI reporting. Table 5 shows the payloads of single PMI reporting and multiple PMI reporting for two cases. One case (i.e., case#4) is dynamic gNB antenna adaptation among {32ports, 24ports, 16ports} and the other case (i.e., case#1) is dynamic gNB antenna adaptation between {32ports, 24ports}. In both cases, it is assumed that the bandwidth part includes 275 PRBs, subband size is 16 PRBs, the number of subband PMIs is 18, and rank=3. It can be observed that payload size of PMI reporting (including wideband PMI and sub-band PMI) can be reduced from 82 bits to 28 bits by single PMI for case#4. And the payload size of PMI reporting (including wideband PMI and sub-band PMI) can be reduced from 56 bits to 28 bits by single PMI for case#1. The payload size of PMI reporting can be reduced by 65% and 50% for case#4 and case#1, respectively.
Therefore, one common PMI reporting with the largest number of ports for multiple CSIs report can should be considered to reduce the UCI overhead.
Table 5 Payload of PMI reporting
	Scheme
	Payload of wideband PMI reporting
	Payload of subband PMI reporting
	Total payload

	Case#4: dynamic gNB antenna adaptation among {32ports, 24ports, 16ports}

	Report one PMI
	10(bits)
	18(bits)
	28(bits)

	Report multi-PMI
	10+10+8=28(bits)
	18*3=54(bits)
	82(bits)

	Case#1: dynamic gNB antenna adaptation between {32ports, 24ports}

	Report one PMI
	10(bits)
	18(bits)
	28(bits)

	Report multi-PMI
	10+10=20(bits)
	18*2=36(bits)
	56(bits)



[bookmark: _Toc15931][bookmark: _Toc19181][bookmark: _Toc30596][bookmark: _Toc20850][bookmark: _Toc4079][bookmark: _Toc20639][bookmark: _Toc5719][bookmark: _Toc21974]When dynamic gNB antenna adaptation among {32ports, 24ports, 16ports}, the payload of PMI reporting can by reduced by 65% (i.e., from 82bits to 28bits) using single PMI reporting. When dynamic gNB antenna adaptation between {32ports, 24ports}, the payload of PMI reporting can by reduced by 50% (i.e., from 56 bits to 28bits) using single PMI reporting.
[bookmark: _Toc131790362][bookmark: _Toc21065][bookmark: _Toc15399][bookmark: _Toc4249][bookmark: _Toc12662][bookmark: _Toc12144][bookmark: _Toc29757][bookmark: _Toc120][bookmark: _Toc32734][bookmark: _Toc28876][bookmark: _Toc31265][bookmark: _Toc27254][bookmark: _Toc7121][bookmark: _Toc2928]Reporting only one PMI with the largest number of ports for multiple CSIs report should be considered to reduce the UCI overhead.
3.3.1.3   Determination of a precoding matrix with smaller port numbers with single PMI reporting
When only one common PMI is reported, it should be clarified how to use a precoding matrix of a larger port numbers to derive a precoding matrix of a smaller port numbers. 
The rows of the precoding matrix of a smaller port numbers depends on the subsets of ports (or spatial adaptation patterns) selected by gNB. The rows are selected according to the port subset indication indicated by gNB.
For example, gNB indicates a port subset indication, UE measures the CSI for the largest CSI-RS port number, while each row of the precoding matrix with smaller of port numbers are extracted from the indicated row (i.e., port subset indication) of the PMI corresponding to the largest CSI-RS port number.
We further provide some simulation results of correlation between two precoding matrices, wherein one precoding matrix (e.g., 16 ports) is derived by a precoding matrix with larger number of ports (e.g., 32 ports) and another precoding matrix is the real precoding matrix with smaller number of ports (e.g, 16 ports). The rank is fixed in the simulation for the sake of simplification.
Different from the muting pattern in Figure 5 in section 3.3.1.1, the muting pattern of gNB antenna configuration adaptation from 32 ports to 16 ports in this section is shown in Figure 12.
[image: ]
Antenna muting pattern 4: adaptation from 32 ports to 16 ports
The correlation performance between 32 port-precoding matrices and 16 port-precoding matrices (i.e., muting pattern 4 in Figure 12) is provided in Figure 13.
	[image: ]
	[image: ]

	(a) Rank = 3
	(b) Rank = 4


Correlation coefficient between 32 port-precoding matrices and 16 port-precoding matrices with different Ranks
According to the simulation results, the probability of the correlation coefficient of 16-port precoding matrices and 32-port precoding matrices that is greater than 0.6 is less than 30% for rank of 3,4. The correlation is much lower than the evaluation in Figure 8 due to the improper selection of ports. 
[bookmark: _Toc29826][bookmark: _Toc30566][bookmark: _Toc9955][bookmark: _Toc3748][bookmark: _Toc372][bookmark: _Toc2153][bookmark: _Toc9683][bookmark: _Toc30040]The correlation between 16-port precoding matrix and 32-port precoding matrix with rank 3 or 4 is low with improper selection of ports. 
The simulation results show that different indications will generate different precoding matrix and lead to different correlation performance. 
[bookmark: _Toc749][bookmark: _Toc4934][bookmark: _Toc11390][bookmark: _Toc15129]Different port subset indications will generate different precoding matrix and lead to different correlation performance.
Hence, although the port subset indication can flexibly indicate a subset of ports, the port subset indication should follow certain rules and cannot be arbitrarily indicated to ensure that system performance is not severely affected. The rules of port subset indication should be carefully studied.
[bookmark: _Toc26540]The port subset indication should follow certain rules and cannot be arbitrarily indicated to ensure that system performance is not severely affected.
Firstly, the codebook designed in TS 38.214 is based on N1, N2. Thus, the port selection (i.e., via bitmap) should not violate the supported (N1, N2) in legacy specification. 
Secondly, according to the structure of the precoding matrix designed in TS 38.214, there are two types of PMI, one (which is composed of four parts) is used when number of layers is three or four, and number of ports (PCSI-RS) is not less than 16, and another one (which is composed of two parts) is used for other cases. The derived precoding matrix with smaller number of CSI-RS ports should also follow these structures. Otherwise, the correlation between the derived precoding matrix and the real precoding matrix will be poor, and the system performance will be seriously impacted.

For example, if the codebookType is set to ‘typeI-SinglePanel’ the number of layers is three or four, and number of ports (PCSI-RS) is not less than 16, the precoding matrix is: , where L is the number of layers, the number of rows in precoding matrix is same as PCSI-RS, the number of columns in precoding matrix is equal to the number of layers. The precoding matrix includes four parts, where the first two parts correspond to one polarization direction and the last two parts correspond to another polarization direction.
The reason about the low correlation between two precoding matrices when rank = 3 or 4 for antenna muting pattern 4 is that the derived precoding matrix does not follow the structure of the precoding matrix defined in TS 38.214. For example, as shown in Figure 14, the derived precoding matrix with 16 ports based on the port selection in the evaluation only comprises of part #1 and part #3 of the precoding matrix with 32 ports. Hence, the correlation is low.
[image: ]
One example of derived PMI based on the port selection for antenna muting pattern 4
However, for the antenna muting pattern 1 in Figure 5, the derived precoding matrix with 16 ports based on the port selection comprises a subset of each part of the precoding matrix with 32 ports, which follows the structure of precoding matrix in TS 38.214. Therefore, correlation and performance are better.
[image: ]
Another example of derived PMI based on the port selection for antenna muting pattern 1
To summarize, if only one PMI is reported for multiple number of ports, the port selection should observe the following principles: 
1) The selected ports should follow a valid (N1, N2);
2) The extracted precoding matrix should follow the structure of the precoding matrix in TS 38.214.
[bookmark: _Toc14857][bookmark: _Toc1022][bookmark: _Toc32663][bookmark: _Toc21968][bookmark: _Toc19341][bookmark: _Toc10974][bookmark: _Toc342][bookmark: _Toc19900]If only one common PMI is reported for multiple number of ports, the port subset indication should observe the following principles: 
· [bookmark: _Toc24452][bookmark: _Toc24082][bookmark: _Toc8993][bookmark: _Toc17597][bookmark: _Toc13614][bookmark: _Toc21180][bookmark: _Toc18247][bookmark: _Toc8798]The selected ports should follow a valid (N1, N2);
· [bookmark: _Toc29510][bookmark: _Toc14149][bookmark: _Toc19524][bookmark: _Toc12902][bookmark: _Toc46][bookmark: _Toc26260][bookmark: _Toc3985][bookmark: _Toc2432]The extracted precoding matrix should follow the structure of the precoding matrix in TS 38.214.
3.2.2. RI
The results in Figure 11 show how RI value changes when the gNB antenna are dynamically adapted. According to the simulation results, in most cases, RI doesn’t change or just decreases by 1 when CSI-RS antenna ports are dynamically adapted.
[bookmark: _Toc14225][bookmark: _Toc1734][bookmark: _Toc1369][bookmark: _Toc11048]In most cases, RI doesn’t change or just decreases by 1 when CSI-RS antenna ports are dynamically adapted.
Based on the observation, the overhead of RI can be reduced for multi-CSI reporting via differential RI. For example, RI with smaller number of ports can be reported using a differential RI value which is a differential between a RI value of largest port numbers and the RI value with smaller port numbers. The candidates of differential RI value can be [0, -1] according to evaluation results in Figure 11. 
[bookmark: _Toc25666]Differential RI should be considered to reduce UCI overhead.
In this section, a simulation results of reporting differential RI are provided. And the following cases are simulated.
Case#1: Dynamic gNB antenna adaptation among {32ports, 24ports,}.
Case#2: Dynamic gNB antenna adaptation among {32ports, 16ports}.
The throughput loss of 1-bit differential RI compared with multiple separate RI reporting is provided in Table 6. According to the simulation results, the throughput loss of reporting differential RI is small when the differential RIs indicates an offset value of 0 or -1.
[bookmark: _Toc4235][bookmark: _Toc4503][bookmark: _Toc28137][bookmark: _Toc10120]Compared with reporting multiple RIs, the average throughput loss of reporting differential RI is small.

Table 6 simulation results of using 1-bit differential RI= [0, -1]
	Throughput loss
	Average UE throughput
	5% UE throughput
	50% UE throughput
	95% UE throughput

	Case#1
	-0.70%
	-1.09%
	-1.12%
	-0.26%

	Case#2
	-1.65%
	-2.86%
	-2.09%
	-1.28%


[bookmark: _Toc6333]The following differential RI report should be considered.
Differential RI report
	Differential RI codepoint
	Offset value

	0
	0

	1
	-1


[bookmark: _Toc17795]Where offset value = target RI value - reference RI value, and reference RI value is the RI for the largest port numbers.

3.2.3. CQI
Similar as RI overhead reduction, the CQI with different number of ports will not change significantly when the CSI-RS resources with different port numbers are nested. Thus, a differential CQI can be considered for multi-CSI report, where differential CQI is a differential between a CQI value with the largest number of ports and the CQI value with smaller number of ports. Furthermore, legacy method needs 4-bit for wideband CQI report, using differential CQI, the required number of bits for CQI reporting can be reduced to 2 or 1.
[bookmark: _Toc17851]Differential CQI can be considered to reduce UCI overhead.
The following cases are simulated for the performance of differential CQI.
Case#1: Dynamic gNB antenna adaptation among {32ports, 24ports,}.
Case#2: Dynamic gNB antenna adaptation among {32ports, 16ports}.

In the simulation, a differential CQI value is used to derive CQIs of different gNB adaptation patterns. The value is determined by an offset value, which is shown in Table 7.
Offset value = wideband CQI index - reference wideband CQI index
Table 7 differential CQI report
	Differential CQI codepoint
	Offset value

	0
	≥0

	1
	<0


To be more specific, if UE reported differential CQI is ‘0’, the assumed differential CQI value is 0. Meanwhile, if UE reported differential CQI is ‘1’, the assumed differential CQI value is X, where X can be different in different cases.
The throughput loss of 1-bit differential CQI compared with multiple separate CQI reporting is provided in Table 8. Where the different X values are reflected in the “differential CQI value” column. 
Table 8 Simulation results of using 1-bit differential CQI
	Throughput loss
	Differential CQI value [0, X] 
	Average UE throughput
	5% UE throughput
	50% UE throughput
	95% UE throughput

	Case#1
	 [0, -1]
	0.15%
	0.83%
	0.30%
	-0.25%

	
	[0, -2]
	1.88%
	2.23%
	2.29%
	0.72%

	Case#2
	[0, -1]
	-1.58%
	-4.99%
	-1.35%
	-0.29%

	
	[0, -2]
	1.60%
	1.35%
	1.84%
	0.75%

	
	[0, -3]
	3.92%
	5.75%
	4.06%
	2.51%


According to the simulation results, it can be seen that reporting differential CQI has better performance than reporting multiple CQIs in some cases. The reason is that, if the reported differential CQI value is less than the real CQI value, the scheduling will be more conservative so that data transmission is more robust and the retransmission times will be reduced. According to the simulation results, the value of differential CQI has great impact on system performance, and the value is related to the spatial adaptation pattern or the ratio of the number of unmuted TxRUs over the number of original TxRUs.
[bookmark: _Toc26087][bookmark: _Toc1132][bookmark: _Toc30276][bookmark: _Toc13521]The value of differential CQI has great impact on system performance, and the value is related to the spatial adaptation pattern or the ratio of the number of unmuted TxRUs over the number of original TxRUs.
However, since the mapping of TxRU on antenna ports is implemented by gNB and does not require standardization, 1 bit to indicate differential CQI is sufficient. The proper selection of X can be handled by gNB.
[bookmark: _Toc16872]The following differential CQI report for wideband CQI can be considered.
[bookmark: _Toc26004]								differential CQI report
	[bookmark: _Toc17893]Differential CQI codepoint
	[bookmark: _Toc18215]Offset value

	[bookmark: _Toc4144]0
	[bookmark: _Toc29788]≥0

	[bookmark: _Toc22770]1
	[bookmark: _Toc19216]<0


[bookmark: _Toc23431]Offset value = wideband CQI index - reference wideband CQI index.

3.2.4. [bookmark: _GoBack]Simulation results of joint compression 
In this section, the following cases are simulated for differential RI, common PMI and differential CQI. The evaluation results are provided in Table 9.
Case#1: Dynamic gNB antenna adaptation among {32ports, 24ports,}.
Case#2: Dynamic gNB antenna adaptation among {32ports, 16ports}.
Table 9 simulation results of using 1bit-differential RI, common PMI and 1-bit differential CQI
	Throughput loss
	Differential CQI value 
	Average UE throughput
	5% UE throughput
	50% UE throughput
	95% UE throughput

	Case#1
	[0, -1]
	-1.42%
	-2.48%
	-1.70%
	-1.82%

	
	[0, -2]
	1.62%
	2.00%
	1.79%
	0.78%

	Case#2
	[0, -1]
	-5.56%
	-6.02%
	-5.88%
	-3.38%

	
	[0, -2]
	-0.60%
	1.58%
	-0.57%
	-0.22%

	
	[0, -3]
	3.08%
	5.77%
	3.25%
	1.48%


According to the simulation results, using differential RI, common PMI, and differential CQI at the same time has small throughput loss compared with reporting multiple RIs, multiple PMIs and multiple CQIs.
[bookmark: _Toc21093][bookmark: _Toc2737][bookmark: _Toc2159][bookmark: _Toc9676]Compared with reporting multiple RIs, multiple PMIs and multiple CQIs, the average throughput loss of reporting differential RI, common PMI and differential CQI is small.
 
3.3. UE complexity reduction
The UE complexity will increase with the number of CSIs reported in a reporting occasion. Using legacy method, UE needs to scan all CSI-RS resources for a best combination of RI, PMI and CQI for each sub-configuration. If a CSI report configuration configured with L sub-configurations and UE needs to report L CSIs for the CSI report configuration. UE needs to calculate L*O*R*P times for the L CSIs, where R is the maximum RI value, P is the number of PMI candidates, O is the number of CSI-RS resources. One example of CSI calculation for one resource is shown in Figure 16 as below.
[image: ]
Legacy CSI calculation method for one resource
Hence, UE complexity increases linearly with the number of CSIs L. However, as discussed in section 3.2, the RI, PMI between L CSIs have high correlation and it can be used to reduce signaling overhead. Furthermore, the high correlation can also be exploited to reduce UE complexity.
If differential RI is used, UE only need to search all RI values for one sub-configuration. For other sub-configurations, UE does not need to repeat the exhaustive search. Owing to the differential RI only indicates 0 or -1, the number of RI candidates is reduced to 2, where one candidate indicates the RI value remains the same as the reference sub-configuration (e.g., sub-configuration with largest number of ports) and the other candidate implies that the RI is reduced by one due to the spatial domain adaptation. 
If common PMI is used, UE only needs to search all PMIs for one sub-configuration. For the other sub-configurations, the number of PMI candidates is reduced to X, considering that the RI does not change or only decreases by 1, X is number of columns for the precoder matrix of common PMI.
[image: ]
Reduced UE complexity for one resource with common PMI
For example, if common PMI is used, and O=1, the UE needs to calculate R*P+(L-1) *R*X times for the L CSIs. As shown in Figure 18 as below, if differential RI and common PMI are used, and O=1, the UE needs to calculate R*P+(L-1)*2*X times for the L CSIs.
[image: ]
Reduced UE complexity for one resource with differential RI and common PMI
Moreover, considering a common CRI is used, the UE complexity can be further reduced.
Table 10 CSI calculation times
	Schemes
	CSI calculation times
	Reduced CSI calculation times

	Legacy report
	L*O*R*P
	-

	Common PMI
	R*O*P+(L-1) *O*R*X
	(L-1) *O*R*(P-X)

	Differential RI
	R*O*P+(L-1) *O*2*P
	(L-1) *O*(R-2)*P

	Common CRI
	O*R*P+(L-1) *R*P
	(L-1) *(O-1) *R*P

	Common PMI + differential RI
	R*O*P+(L-1) *O*2*X
	(L-1) *O*(2*(P-X) + (R-2) *P)

	Common PMI+ differential RI + common CRI
	R*O*P+(L-1) *2*X
	L*O*R*P-(R*O*P+(L-1) *2*X)



[bookmark: _Toc25240][bookmark: _Toc30500][bookmark: _Toc848][bookmark: _Toc30672]If common CRI, differential RI, common PMI are used, the UE complexity can be reduced.
The UE complexity affects the number of CPUs occupied by the CSI report. Hence, when the UE complexity reduced, the occupied CPU number will also be reduced. Thus, a scaling factor which is less than 1 can be considered. The value of scaling factors can be reported in UE capability.
3.4. Selection of N sub-configurations
In RAN1#112bis meeting, it was discussed whether and how to select N sub-configurations out of L sub-configurations in CSI report configurations. 
If the CSI-RS resource and CSI report configuration can be only triggered or activated by RRC signaling, UE always needs to report all the triggered CSI regardless of channel quality and data traffic. In some cases, the required CSI reports can be different in different time period, and semi static configuration may not satisfy the requirement in time t. To better adapt to channel states, dynamic indication of which CSIs need to be reported can be considered.
[bookmark: _Toc25177][bookmark: _Toc131790361][bookmark: _Toc17901][bookmark: _Toc22366][bookmark: _Toc12166][bookmark: _Toc216][bookmark: _Toc25658][bookmark: _Toc3251][bookmark: _Toc26351]To better adapt to CSI reporting requirements, dynamic indication of N ≤ L CSIs can be considered.
However, the overhead of the dynamic indication should be considered. One way to reduce the overhead is that gNB configures multiple sub-configuration candidates by RRC signaling, and uses L1 signaling to select one or more candidates from RRC configuration. 
[bookmark: _Toc7987]gNB can configure multiple sub-configurations (e.g., port subset indication) candidates by RRC signaling, and use L1 signaling to select one or more candidates from RRC configuration.
A CSI report can be periodic, semi-persistent, or aperiodic CSI reporting. For semi-persistent/Aperiodic CSI reporting, the following was agreed.
	Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.


· Aperiodic CSI
Aperiodic CSI report can be triggered by DCI format 0-1 or DCI format 0-2. A ‘CSI request’ field is used to indicate one trigger state. Each trigger state associates with one or more CSI-ReportConfigId(s) and corresponding resource set(s) as shown in the following. 
[image: ]
Aperiodic CSI report
If current DCI is reused to indicate/trigger/activate N CSIs from L sub-configurations in a report configuration, two methods can be considered.
Solution#AP-1: Each trigger state associates with one or more sub-configurations. If the trigger state is indicated in DCI, corresponding sub-configurations are triggered. UE reports CSIs according to the triggered sub-configurations.
Solution# AP-2: Add a new field in DCI, the field is used to indicate one or more sub-configurations. UE reports CSIs according to the triggered sub-configurations.
Both solutions can trigger N CSIs and have less spec impact.
[bookmark: _Toc18152]For aperiodic CSI report, the following two solutions to trigger N CSIs from L sub-configurations can be considered:
[bookmark: _Toc32366]	Solution #AP-1: Each trigger state associates with N sub-configurations.
[bookmark: _Toc12189]	Solution #AP-2: Using a new field to indicate N sub-configurations.
· Semi-persistent CSI
A semi-persistent CSI report configuration can associate with a periodic CSI-RS resource setting or a semi-persistent CSI-RS resource setting. If a semi-persistent CSI report configuration is associated with a semi-persistent CSI-RS resource setting, the semi-persistent CSI-RS resource set should be activated first. As shown in Figure 20 below, MAC CE or DCI can be used to trigger SP CSI-RS report. 
For the MAC CE, S0 refers to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the lowest CSI-ReportConfigId within the list with type set to semiPersistentOnPUCCH, S1 to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the second lowest CSI-ReportConfigId and so on. The Si field is set to 1 to indicate that the corresponding semi-persistent CSI report configuration shall be activated. The Si field is set to 0 to indicate that the corresponding semi-persistent CSI report configuration shall be deactivated.
For the DCI, a codepoint of the CSI request field in the DCI is mapped to a SP-CSI triggering state according to the order of the positions of the configured trigger states in CSI-SemiPersistentOnPUSCH-TriggerStateList, with codepoint '0' mapped to the triggering state in the first position. The DCI can be DCI format 0-1 or format 0-2 scrambled with SP-CSI-RNTI.
One thing should be noted is that no matter the SP-CSI report is triggered by MAC CE or DCI, the triggering signaling can only activate one semi-persistent CSI report at a time.
[image: ]
Semi-persistent CSI report
According to current specification, if dynamic indication of N CSIs is also applied for semi-persistent CSI report, both MAC CE and DCI should be enhanced. 
For MAC CE enhancement, new fields can be considered. For example, Sub0 refers to the sub-configuration which is first sub-configuration in a CSI report configuration. Sub1 refers to the sub-configuration which is second sub-configuration in a CSI report configuration, as so on. The Subi field is set to 1 to indicate that the corresponding sub-configuration is indicated. The Subi field is set to 0 to indicate that the corresponding sub-configuration is not indicated.
[image: ]
Enhanced MAC CE for semi-persistent CSI
To align the enhancement of MAC CE and DCI, a similar field used to activate sub-configuration in DCI can be considered. In this sense, a new field in a form of bitmap can be added in DCI to indicates N sub-configurations where each bit corresponds to one sub-configuration.
The benefit of reusing current MAC CE and DCI is that no new signaling is introduced. However, current MAC CE and DCI are UE specific signaling, and they can only activate one semi-persistent CSI report at a time. If sub-configurations are changed due to TxRU adaptation, gNB should change the configuration of each semi-persistent CSI report for each UEs. The signaling overhead of the indication of the change is large. And the time required by informing all the UEs in the cell of the configuration change will be long.
[bookmark: _Toc21003][bookmark: _Toc24055][bookmark: _Toc13340][bookmark: _Toc1481]Current MAC CE and DCI are UE specific signaling and can only activate one semi-persistent CSI report at a time. If gNB changes sub-configurations, the signaling overhead is large and request long time. 
To reduce the signaling overhead, a group common DCI can be considered to indicates N CSIs for all CSI report. A codepoint or bitmap of the group common DCI can be used to indicates activate/de-activate sub-configurations.
[bookmark: _Toc10685]For semi-persistent CSI report, the following solutions to trigger N CSIs from L sub-configurations can be considered:
[bookmark: _Toc4994]	Solution#SP-1: Adding new fields to indicate N sub-configurations in current MAC CE and DCI.
[bookmark: _Toc2613]	Solution# SP-2: Using a new group common DCI to indicate N sub-configurations.
· Periodic CSI
For periodic CSI report, it is widely used in current network. If a periodic CSI report is configured, UE needs to report CSI according the CSI report configuration unless the parameters are reconfigured. 
For multi-CSI in one report, it may be beneficial if gNB can dynamically indicate N<L CSIs for a periodic CSI report. The UE complexity and UL signaling overhead can be reduced and the flexibility for other CSI report can be increased. gNB can indicate to a small number of CSIs for periodic CSI report when gNB want to trigger another CSI report.
Hence, dynamically indicating N<L CSIs for periodic CSI report can be considered. And same group common DCI as semi-persistent CSI report can be used.
[bookmark: _Toc26651][bookmark: _Toc14872][bookmark: _Toc29155][bookmark: _Toc26413]For periodic CSI report, dynamically indicating N<L CSIs can reduce UE complexity and UL signaling overhead and increase the flexibility of CSI report.
[bookmark: _Toc5316]For periodic CSI report, support using a new group common DCI to indicate N≤L sub-configurations.
4. CSI enhancement in power domain
The dynamic power adjustment can adapt to different channel conditions and bring gNB energy saving gain. While the semi-static power offset configuration does not match the dynamic power adjustment for PDSCH, so the enhancement on the power offset between PDSCH and CSI-RS should be considered.
Based on the motivation of the enhancement on spatial domain and power domain, it can be observed that both the enhancement for power domain and spatial domain have a similar purpose to provide more information for the base station, so that the base station can obtain proper and more accurate CSIs when network energy saving techniques are used, thereby ensuring that system performance of the base station is not affected. And both the antenna ports related information and the power offset between PDSCH and CSI-RS are critical for the UE to compute the CSI. Therefore, it’s better to use a same framework for the enhancement on power domain and the enhancement on spatial domain, so that workload can be reduced. 
[bookmark: _Toc23401][bookmark: _Toc31278][bookmark: _Toc28446][bookmark: _Toc25124][bookmark: _Toc3003][bookmark: _Toc18705][bookmark: _Toc8129][bookmark: _Toc3286][bookmark: _Toc28509][bookmark: _Toc10927]Same framework can be used for the enhancement on power domain and the enhancement on spatial domain. 
In 3GPP RAN1#112is-e meeting, the agreement was achieved that multiple power offset values between PDSCH and CSI-RS can be configured to match different power adaptation cases.
	Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed



Obviously, when multiple power offset values are configured, UE can perform CSI measurements and derive CSI feedback using different power offset values. The CSI reporting associated with multiple power offset can guarantee the network obtain the proper/accurate CSI measurement results and assist the network for the dynamic transmission power adjustment. Therefore, when dynamic power adjustment is performed, multi-CSI report with different power offset values can be considered.
[bookmark: _Toc32444][bookmark: _Toc31039][bookmark: _Toc18334][bookmark: _Toc3051][bookmark: _Toc890][bookmark: _Toc3634][bookmark: _Toc1143][bookmark: _Toc17124][bookmark: _Toc20406]Multi-CSI report with different power offset values is beneficial for the gNB to obtain a relatively accurate CSI feedback.
Similar to spatial domain enhancement, the CSI reporting with multiple power offsets can be configured as multiple sub-configurations, each sub-configuration corresponding to one power offset value. Therefore, a same framework that enables a UE to report multiple CSI(s) in one reporting instance where each CSI corresponds to one power offset value should be supported. 
[bookmark: _Toc1128][bookmark: _Toc11778][bookmark: _Toc23875][bookmark: _Toc22848][bookmark: _Toc164][bookmark: _Toc9643][bookmark: _Toc10637][bookmark: _Toc25863][bookmark: _Toc2635][bookmark: _Toc4204] Multiple CSIs corresponding to multiple power offsets in one reporting should be supported.
Similar with multi-CSI report in spatial domain, the UE complexity and CSI overhead can be reduced by utilizing the properties of the CSIs of different power offsets. First of all, it is clear that the CQI will be impacted due to the change of hypothetical power offset between PDSCH and CSI-RS. In this case, differential CQI can be considered to reduce UCI overhead. And the precoding matrices corresponding to different power offset values are highly correlated. Therefore, common PMI can be also considered in multi-CSI reporting. Regarding the impact on RI, since the reported CSI is a combination of RI, PMI, CQI, if the CQI changes due to different power offset values, it may in turn has impact on RI. Accordingly, RI will also be changed. So differential RI can be considered. 
To this end, the reported content for multi-CSI in one report in power domain adaptation is the same with that in spatial domain adaptation.
In this section, the following cases are simulated for differential RI, common PMI and differential CQI. The simulation scenario is FDD. The evaluation results are provided in Table 11.
Case#1: Dynamic maximum transmission power adaptation by gNB among {49dBm, 48dBm}.
Case#2: Dynamic maximum transmission power adaptation by gNB among {49dBm, 46dBm}.
Case#3: Dynamic maximum transmission power adaptation by gNB among {49dBm, 43dBm}.

Table 11 simulation results of using 1bit-differential RI, common PMI and 1-bit differential CQI
	Throughput loss
	Differential CQI value
	Average UE throughput
	5% UE throughput
	50% UE throughput
	95% UE throughput

	Case#1
	[0, -1]
	0.12%
	1.25%
	-0.07%
	-0.08%

	
	[0, -2]
	0.89%
	2.09%
	0.91%
	0.44%

	Case#2
	[0, -1]
	-0.60%
	0.26%
	-0.58%
	-1.07%

	
	[0, -2]
	2.21%
	4.34%
	2.17%
	0.85%

	Case#3
	[0, -1]
	-5.59%
	-6.65%
	-6.22%
	-2.95%

	
	[0, -2]
	-1.13%
	-1.02%
	-1.26%
	-1.31%


It can be seen from Table 11 that similar with the spatial domain, the value of differential CQI has great impact on system performance, and it is related to the gNB transmission power adaptation.
According to the simulation results, using differential RI, common PMI, and differential CQI at the same time has small throughput loss compared with reporting multiple sets RI, PMI and CQI.
[bookmark: _Toc12350][bookmark: _Hlk135406033]Compared with reporting multiple sets of RI, PMI and CQI, the average throughput loss of reporting differential RI, common PMI and differential CQI is small in power domain adaptation.

[bookmark: _Toc24802]For multi-CSI in one reporting corresponding to multiple power offset values, reporting common CRI, differential RI, common PMI, and differential CQI can be considered.

Additionally, a dynamic indication can be used to indicates the activation/deactivation of one or more power offset values, so that the UEs can adjust CSI measurement and reporting by the indication information to adapt to the dynamic power adjustment. And both the calculation complexity and the report payload can be further reduced. 
[bookmark: _Toc19474][bookmark: _Toc18058][bookmark: _Toc16256][bookmark: _Toc18009][bookmark: _Toc28536][bookmark: _Toc19387][bookmark: _Toc17217][bookmark: _Toc25592][bookmark: _Toc22918][bookmark: _Toc19601]Dynamic indication can be considered for power domain enhancement.

5. Impact of spatial domain adaptation on beam management
For the CSI-RS resources configured for L1-RSRP and L1-SINR computation, the UE can only be configured with the same number (1 or 2) of ports for all CSI-RS resources within the CSI-RS resource set. In 3GPP RAN1#112 meeting, two types mapping methods between antenna elements and logical antenna port were discussed as follows.
	Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled


With type 1 mapping method, even the dynamic antenna port adaptation is used for network energy saving, the antenna port configuration of CSI-RS resources used for L1-RSRP and L1-SINR computation does not need to be impacted.
[bookmark: _Toc17696][bookmark: _Toc12986][bookmark: _Toc12193][bookmark: _Toc8751][bookmark: _Toc32396][bookmark: _Toc2716][bookmark: _Toc168][bookmark: _Toc7082][bookmark: _Toc20624][bookmark: _Toc127521890][bookmark: _Toc23299][bookmark: _Toc7890][bookmark: _Toc26641]The spatial element adaptation with type 1 mapping method does not impact the antenna port configuration of CSI-RS resources for beam management. 
For type 2 mapping method, the CSI-RS resources for beam management may be affected by the dynamic spatial element adaptation. However, this impact brought by the spatial element adaptation can be avoided by NW implementation. The gNB does not need to perform spatial element adaptation for the CSI-RS resources configured for beam management, and a small amount of energy saving gain is sacrificed to avoid the impact.
[bookmark: _Toc12477][bookmark: _Toc22090][bookmark: _Toc14570][bookmark: _Toc28952][bookmark: _Toc22364][bookmark: _Toc22865][bookmark: _Toc32318][bookmark: _Toc27873][bookmark: _Toc31231]The impact on beam management with type 2 mapping method can be avoided by NW implementation.
In conclusion, the necessity of enhancement on beam management is unclear, and considering the limited TUs and heavy workload, we think the enhancement on beam management should be deprioritized.
[bookmark: _Toc13187][bookmark: _Toc31725][bookmark: _Toc21536][bookmark: _Toc4479][bookmark: _Toc16458][bookmark: _Toc15793][bookmark: _Toc8536][bookmark: _Toc29876][bookmark: _Toc13367][bookmark: _Toc31712]The enhancement on beam management should be deprioritized.

6. Conclusion
In this contribution, we discuss the network energy saving techniques in spatial and power domain and have the following observations and proposals.
Observation 1: Multi-CSI in one report provides additional 17.36% ESG and less UPT loss compared with single CSI report.
Observation 2: For A1-1-revised CSI-RS resource configuration, it has the following pros and cons:
 High flexibility in CSI-RS resource configuration
 Large overhead of both RRC signaling and CSI-RS transmission
Observation 3: For A1-2-revised CSI-RS resource, it has the following benefits:
 Less overhead of both RRC signaling and CSI-RS transmission
 More network energy saving with less DL transmission
 High correlation among multiple CSIs
Observation 4: For port subset indication, compared with implicit derivation, explicit indication has higher flexibility and better applicability to different gNB implementation of port mapping and different combinations of (N1, N2).
Observation 5: If reporting a common PMI for multi-CSIs is supported, there is no need to configure parameters of PMI (e.g., N1, N2, Ng, codebook subset restriction, codebook type) for each CSI report sub-configuration.
Observation 6: The overhead of PMI is determined by N1, N2, O1, O2 and the number of subbands. If multiple PMIs need to be reported for multi-CSI, the overhead is large.
Observation 7: The correlation between the precoding matrices of different CSI-RS port numbers is high.
Observation 8: The throughput performance of using a derived precoding matrix and using a real precoding matrix is nearly the same if rank is fixed.
Observation 9: Compared with reporting multiple PMI, the average throughput loss of single PMI is small when rank is flexible.
Observation 10: The performance of single PMI reporting and multiple PMI reporting is similar for both fixed rank and flexible rank.
Observation 11: When dynamic gNB antenna adaptation among {32ports, 24ports, 16ports}, the payload of PMI reporting can by reduced by 65% (i.e., from 82bits to 28bits) using single PMI reporting. When dynamic gNB antenna adaptation between {32ports, 24ports}, the payload of PMI reporting can by reduced by 50% (i.e., from 56 bits to 28bits) using single PMI reporting.
Observation 12: The correlation between 16-port precoding matrix and 32-port precoding matrix with rank 3 or 4 is low with improper selection of ports.
Observation 13: Different port subset indications will generate different precoding matrix and lead to different correlation performance.
Observation 14: If only one common PMI is reported for multiple number of ports, the port subset indication should observe the following principles:
 The selected ports should follow a valid (N1, N2);
 The extracted precoding matrix should follow the structure of the precoding matrix in TS 38.214.
Observation 15: In most cases, RI doesn’t change or just decreases by 1 when CSI-RS antenna ports are dynamically adapted.
Observation 16: Compared with reporting multiple RIs, the average throughput loss of reporting differential RI is small.
Observation 17: The value of differential CQI has great impact on system performance, and the value is related to the spatial adaptation pattern or the ratio of the number of unmuted TxRUs over the number of original TxRUs.
Observation 18: Compared with reporting multiple RIs, multiple PMIs and multiple CQIs, the average throughput loss of reporting differential RI, common PMI and differential CQI is small.
Observation 19: If common CRI, differential RI, common PMI are used, the UE complexity can be reduced.
Observation 20: Current MAC CE and DCI are UE specific signaling and can only activate one semi-persistent CSI report at a time. If gNB changes sub-configurations, the signaling overhead is large and request long time.
Observation 21: For periodic CSI report, dynamically indicating N<L CSIs can reduce UE complexity and UL signaling overhead and increase the flexibility of CSI report.
Observation 22: Multi-CSI report with different power offset values is beneficial for the gNB to obtain a relatively accurate CSI feedback.
Observation 23: Compared with reporting multiple stes of RI, PMI and CQI, the average throughput loss of reporting differential RI, common PMI and differential CQI is small in power domain adaptation.
Observation 24: The spatial element adaptation with type 1 mapping method does not impact the antenna port configuration of CSI-RS resources for beam management.
Observation 25: The impact on beam management with type 2 mapping method can be avoided by NW implementation.

Proposal 1: For periodic multi-CSI in one report, N=L should be supported as the baseline, N<L can be additionally considered.
Proposal 2: Confirm the working assumption:
Al-1-revised and A1-2-revised are supported
FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for
Proposal 3: For A1-2-revised, the restriction that all CSI-RS resources within one set are configured with same nrofPorts should not be changed.
Proposal 4: For CSI report configuration, if L>1 in a CSI report configuration, port subset indication (e.g., a bitmap) is explicitly included in each sub-configuration for Type 1 SD adaptation.
Proposal 5: To reduce signaling overhead and guarantee performance, each bit in a bitmap corresponds to two ports with different polarization directions but in same position.
Proposal 6: If reporting a common PMI for multi-CSIs is supported, configuring one set of parameters of PMI (e.g., N1, N2, Ng, codebook subset restriction, codebook type) for the CSI report sub-configuration corresponding to the largest number of ports.
Proposal 7: Reporting only one PMI with the largest number of ports for multiple CSIs report should be considered to reduce the UCI overhead.
Proposal 8: The port subset indication should follow certain rules and cannot be arbitrarily indicated to ensure that system performance is not severely affected.
Proposal 9: Differential RI should be considered to reduce UCI overhead.
Proposal 10: The following differential RI report should be considered.
Differential RI report
	Differential RI codepoint
	Offset value

	0
	0

	1
	-1


Where offset value = target RI value - reference RI value, and reference RI value is the RI for the largest port numbers.
Proposal 11: Differential CQI can be considered to reduce UCI overhead.
Proposal 12: The following differential CQI report for wideband CQI can be considered.
								Differential CQI report
	Differential CQI codepoint
	Offset value

	0
	≥0

	1
	<0


Offset value = wideband CQI index - reference wideband CQI index.
Proposal 13: To better adapt to CSI reporting requirements, dynamic indication of N ≤ L CSIs can be considered.
Proposal 14: gNB can configure multiple sub-configurations (e.g., port subset indication) candidates by RRC signaling, and use L1 signaling to select one or more candidates from RRC configuration.
Proposal 15: For aperiodic CSI report, the following two solutions to trigger N CSIs from L sub-configurations can be considered:
Solution #AP-1: Each trigger state associates with N sub-configurations.
Solution #AP-2: Using a new field to indicate N sub-configurations.
Proposal 16: For semi-persistent CSI report, the following solutions to trigger N CSIs from L sub-configurations can be considered:
Solution#SP-1: Adding new fields to indicate N sub-configurations in current MAC CE and DCI.
Solution# SP-2: Using a new group common DCI to indicate N sub-configurations.
Proposal 17: For periodic CSI report, support using a new group common DCI to indicate N≤L sub-configurations.
Proposal 18: Same framework can be used for the enhancement on power domain and the enhancement on spatial domain.
Proposal 19: Multiple CSIs corresponding to multiple power offsets in one reporting should be supported.
Proposal 20: For multi-CSI in one reporting corresponding to multiple power offset values, reporting common CRI, differential RI, common PMI, and differential CQI can be considered.
Proposal 21: Dynamic indication can be considered for power domain enhancement.
Proposal 22: The enhancement on beam management should be deprioritized.

7. References
[bookmark: _Ref17466]Chair’s notes RAN1#112bis-e, 2023-04.

8. Appendix
A.1 Simulation assumptions
Table A1 BS antenna configuration for TxRU adaptation
	Simulation case 
	Description 

	64TxRU
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); Max transmission power=55dBm

	32TxRU
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); Max transmission power=52dBm

	16TxRU
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1); Max transmission power=49dBm

	8TxRU
	(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1); Max transmission power=46dBm



Table A2 Evaluation assumptions for UMa scenario
	Parameters
	Value
	value

	Duplex Mode / Simulation bandwidth
	TDD/100 MHz
	FDD/20 MHz (equal split of 10MHz for UL and DL)

	Scenario
	Urban Macro;
Hexagonal grid, 7 macro sites, 3 sectors per site

	Inter-BS distance
	500m

	Min. BS - UE distance
	35m

	Carrier frequency
	4GHz
	2.1GHz

	SCS
	30KHz
	15KHz

	TDD pattern
	DDDSU
	/

	BS Antenna Configuration
	64Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ);
64Tx: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4,8)
The antenna tilt is 12 degrees.
	32Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ);
32Tx: (M, N, P, Mg, Ng) = (8,8,2,1,1)
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Total DL power level
	55dBm
	49dBm

	UE transmit power
	23 dBm

	Antenna Height
	25 m for BS and 1.5 m for UE

	Antenna Element Gain
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	Uniform in cell;
80% of users are indoor, 20% of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	Depends on RU requirement

	Scheduling Algorithm
	SU-MIMO + PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	PDCCH overhead
	1/7 (2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC



RU = 9%
UPT loss	
Single CSI	Mulit CSI	0.0614	0.0139	ESG	
Single CSI	Mulit CSI	0.0936	0.2672	





RI change distribution
no change	4-	>	3	4-	>	2	3-	>	2	4-	>	1	3-	>	1	2-	>	1	0.7913	0.09535	0.01395	0.09435	0	0	0.005005	RI of 32 ports ---> RI of (24,16) ports
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