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1. Introduction
In RAN#98 e-meeting, a new work item, i.e., Network energy savings for NR was approved [1]. In RAN1#112 meeting [2], the enhancements on CSI-RS resource configuration, CSI report configuration and CSI reporting for spatial and power domain have be discussed and some agreements were made, see [2] for more details. 
In this contribution, we discuss the needed enhancements of multiple CSIs configuration, calculations, and reporting to enable efficient dynamic adaptation. Frist, the two spatial domain adaptations patterns are discussed and their correlation properties are shown. Second, we discuss multiple CSIs resource configurations enhancements. Each CSI-RS resource corresponding to a spatial adaptation pattern in a universal way for both types of shutdown. Third, we discuss multiple CSIs report configuration enhancements. We show that multiple CSIs configuring in one CSI report config enables UE to reduce its calculation complexity and to reduce its RRC configuration overhead. Forth, we discuss multiple CSIs reporting in one report and multiple CSIs overhead reduction. Finally, for power domain, we discuss potential enhancements for power domain adaptation. We discuss the multiple CSIs reporting in one CSI report corresponding to multiple power control offsets and the multiple CSIs overhead reduction in power domain.
2. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Discussion on dynamic spatial domain and power domain adaptation
2.1 What does efficient dynamic adaption mean?
In order to reduce the energy consumption of gNB, it was proved in TR 38.864 that using dynamic adaption of number of active TxRUs and/or downlink (DL) transmission power is an effective technique. To enable efficient dynamic adaptation, specifying necessary enhancement on CSI and beam management frameworks (measurements, reporting, signalling) is requested as mentioned in WID. In general, there are two approaches to enable dynamic spatial and/or power adaptation:  
1) Measurement first then adaptation (MFTA). In this approach, the UE measures multiple CSI reference signals corresponding to different TxRUs shutdown patterns and/or different power back-off values. Then the UE reports these measurements to gNB. Then, the gNB adaptation decision is taken based on the different reported channel states, and interference condition reported by the UE and/or the actual traffic load needed by the UE. Hence, it enables the gNB to greatly reduce its power consumption with negligible performance losses as shown in the simulations during the SI phase and as we will show later in this document. 
[image: ]
Figure 1. An example of MFTA
2) Adaptation first then measurement (AFTM). In this approach, the gNB enables/updates the TxRUs shutdown pattern and/or DL transmission power directly based on the traffic load of connected UEs only. Then it dynamically indicates the related configuration that is changed, e.g. CSI report configuration, to UE, which in turn measures accordingly. Compared with MFTA, the gNB cannot make TxRUs and/or DL transmission adaptation decisions based on the actual channel state, interference condition in every slot, resulting in loss of coverage and UPT. In addition, gNB also needs to remains the old adaptation decision for several milliseconds after making new adaptation decision due to waiting for CSI reporting, resulting in additional performance loss and also increased UE power consumption. This may essentially be viewed as semi-static adaptation.
[image: ]
Figure 2. An example of AFTM 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 3 shows the relative power of both MFTA and AFTM with 30% RU in TDD and FDD cases, respectively. We used the parameters in Set 2 of category 2 and the methodology agreed in SI for evaluation. Based on the simulation results, compared with AFTM cases, MFTA can obtain 18.5% and 13.9% energy saving gain for TDD and FDD without UPT loss. Meanwhile, further considerable energy saving gain can be still obtained with some tolerance of UPT loss. With 5% UPT loss tolerance, MFTA has about 14.7% and 15.5% energy saving gain for TDD and FDD, respectively. With 10% UPT loss tolerance, MFTA has about 10.5% and 8.8% energy saving gain for TDD and FDD, respectively. 
We can observe that, if AFTM attempts to achieve similar energy consumption as MFTA (without performance loss), it causes more than 10% and 5% UPT loss in TDD and FDD cases, respectively. For power domain adaptation, the similar conclusion can be obtained.
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[bookmark: _Ref131709160]Figure 3. Results for dynamic TxRUs adaptation and semi-static TxRUs adaptation in TDD and FDD with 30% RU 

Obsevation 1: [bookmark: _Ref131795719]There are two approaches to enable dynamic spatial and/or power adaptation:
a. Measurement first then adaptation (MFTA).   
b. Adaptation first then measurement (AFTM).
Obsevation 2: In spatial domain, MFTA can obtain 18.5% and 13.9% energy saving gain compared with AFTM, @30%RU without UPT loss in TDD and FDD cases, respectively.
Obsevation 3: In spatial domain, to achieve similar energy saving gain as MFTA, AFTM causes more than 10% and 5% UPT loss in TDD and FDD cases, respectively.

Proposal 1: Support MFTA as an efficient dynamic adaptation without UPT performance loss, where CSIs corresponding to multiple candidate spatial adaptation patterns and/or multiple power back-off values need to be available at gNB before gNB taking the adaption decision.
2.2 What are the limitations of legacy multiple CSIs acquisition and configuration? 
Multiple CSIs acquisition before adaptation can be achieved by configuring legacy (Rel-17 and previous releases) multiple CSI report configurations. However, the number of P/SP/A-CSI report configs per BWP is limited by UE capability, and the maximum is 4 P/SP/A-CSI report configs per BWP. However, in practice, The UE capability could be less than maximum possible number of report configs. For example, a UE could report that it only supports 2 P-CSI reports configs per BWP and in this case the gNB can only configure it with 2 P-CSI report configs corresponding to two spatial adaptation patterns and/or candidate DL transmission power-offsets for NES purpose. In addition, dedicating some CSI report configs for the purpose of UE NES operations i.e., MFTA reduces the number of available CSI report configs needed for other UE non-NES operations, e.g. BM, tracking. 
Obsevation 4: Using legacy multiple CSI report configurations for the purpose of UE NES operations i.e., MFTA reduces the number of possible available CSI report configs needed for other UE non-NES operations, e.g. BM, tracking.
Legacy multiple CSI report configurations mandate the UE to measure all CSI-RS resources (for channel measurement), which increases the UE complexity, in terms of required simultaneous CSI calculations CPUs i.e. see  in TS 38.214, and to have efficient NES it might need to exceed the UE capability which is not acceptable. 
Obsevation 5: Using legacy framework, N multiple CSI report configurations to enable MFTA, requires the UE to measure all CSI-RS resources (for channel measurement) referred within the N multiple CSI report configurations which increases the number of simultaneously occupied CPUs. Hence, the UE complexity will be a limiting factor to enable efficient MFTA.
Legacy M multiple CSIs reporting mandates the UE to report M multiple CSIs, which then increases UL overhead, e.g. the UL overhead is M multiple CSIs, where each CSI contains some of CRI, RI, PMI, CQI. 
Obsevation 6: Using legacy framework, M CSI reporting to enable MFTA, requires the UE to send M multiple CSI reports which increases the UL overhead. Hence, the UL overhead will be a limiting factor to enable efficient MFTA.
Taking into consideration the previously observed limitations of legacy (Rel-17 and previous releases) multiple CSI report configurations, an enhanced multiple CSIs reporting mechanism is needed to help the NES UE to meet its configuration capability limitation, e.g. the number of CSI report configs, and at the same time meet its computationally capability limitations. Hence, we propose:
Obsevation 7: Enhancement of multiple CSIs framework for MFTA is needed to overcome the UE capability limitation, e.g. the number of CSI report configs, and computing capability limitation, and reduce the reporting overhead. 
2.3 Whether signalling to inform PDSCH dynamic adaptation is required?
Also, there is also some discussion on the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs . Some relative signalling aspects as shown below. 
	Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



Whether there is a need for transition time per adaptation (for UE)? 
gNB can schedule PDSCH transmission by considering the transition time per spatial/power adaptation. In addition, the TxRUs/spatial elements shut-down/turn-on and DL transmission power increase/decrease can be implemented in extreme short duration, e.g. in one OFDM symbol. So, we think that,  
Proposal 2: Regarding signalling aspect for NES-capable UE, transition time per adaptation (for UE) is unnecessary.
Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.
Current specification does not restrict that transmission power of PDSCH and DMRS. However, the UE needs to handle the PDSCH and DMRS reception power changes which is not a problem and can be overcome by the AGC tracking. 
Obsevation 8: There seems to be no issue for UE receiving PDSCH with spatial adaptation pattern update and/or PDSCH transmission power change in a dynamic manner, as the current UE AGC can handle the DL transmission power changes.
The PDSCH transmission with dynamic spatial adaptation pattern update and/or PDSCH transmission power change can be transparent to UE as the previous release without obvious problem. Hence, we propose,
Proposal 3: Regarding signalling aspect for NES-capable UE, informing the UE on spatial adaptation pattern update and/or PDSCH transmission power change is unnecessary.
For CSI-RS, considering the transmission of CSI-RS is sparse, reduce the transmission power of CSI-RS transmission may have limited power saving gain, which has been illustrated in SI stage. Also if CSI-RS transmission is changed, related measurement may require further discussion, which seems also unnecessary. Hence, 
Proposal 4: Regarding signalling aspect for NES-capable UE, reducing the transmission power of CSI-RS is unnecessary.
In type 2 shutdown case, if a weak transmission CSI-RS is received by a UE, it is used for the UE to measure the corresponding RS and report the CSI, thus with multiple measurement and report corresponding to different patterns with potentially weak CSI-RS transmission, gNB can essentially take use of that for better adaptation decision. 
Obsevation 9: For type 2 shutdown, it is not a problem that the UE may receive a weak transmission of CSI-RS as it will enable the gNB to take a better adaptation decision in MFTA.
If the gNB decides to boost the CSI-RS transmission power to get a better CSI measurement, then independent IE nzp-CSI-RSresource can be used to configure the CSI-RS resource in type 2 shutdown case as supported in current mechanism already. gNB can configure IE nzp-CSI-RSresource by considering the increased transmission power of CSI-RS, potentially for multiple patterns, and choose better CSI. So, static RRC informing CSI-RS transmission power for type 2 shutdown is sufficient. 
Obsevation 10:  If the gNB boosts the transmission power of CSI-RS for type 2 shutdown, current RRC informing CSI-RS transmission power is sufficient.
Proposal 5: Regarding signalling aspect for NES-capable UE, dynamically informing UE on CSI-RS transmission power change due to adaptation is unnecessary.

3. Discussion on enhancement for adaptation of spatial antenna elements 
3.1 Spatial correlations properties for different shutdown patterns 
In [2], the adaptation of TxRUs has been categorized into the following two types:
	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



In this section, we will analyse spatial correlations of Type 1 and Type 2 shutdown patterns. First, we will show the spatial correlation properties between CSI-RS beams before and after shut down. Then, we will show the spatial correlation properties among PMIs for the best selected CSI-RS beam before and after shut down. 

3.1.1 [bookmark: _Ref131617758]High correlation among CSI-RS beams (i.e., CSI-RS resources) before and after the shutdowns 
In MFTA, the UE is configured by the gNB 1) to measure multiple CSIs resources, corresponding to multiple TxRUs shutdown patterns; 2) to report the result of the multiple CSIs measurements. The multiple CSIs measurements can happen in a short duration based on configured resources since efficient adaptation is pursued by gNB. During such duration, the physical location of a UE is nearly unchanged, resulting in stable/unchanged physical transmission environment. In this case, the strongest transmission path(s) between the UE and the gNB is almost unchanged. Although there could be scenarios e.g. very high speed train, those considering the extremely restrictive requirements are not the target scenarios yet not typical for network energy savings.
Obsevation 11:  During multiple CSI measurements, the strongest transmission path(s) between the UE and gNB remains the same due to the nearly unchanged physical transmission environment.
Due to the unchanged strongest transmission path(s) during the measurement phase, We will show, in this section, that there will be high correlation between best CSI-RS beam before shutdown and the best CSI-RS beam after the shutdown . 

  [image: ]  
[bookmark: _Ref131709653][bookmark: _Ref131600273]Figure 4. An example of Type 1 shutdown
In type 1 shutdown, see Figure 4, the CSI-RS beam pattern of each logical antenna port will not change with respect to non-shut down case. However, the number of ports will be reduced. If the strongest transmission path(s) is unchanged during measurements then the UE best CSI-RS beam before and after the shutdown will not change.
Obsevation 12:  In type 1 shutdown, with respect to the case of non-shutdown, the CSI-RS beam of each logical antenna port is unchanged. However, the number of logical antenna ports is reduced.
Obsevation 13:  In type 1 shutdown, the strongest transmission path(s) is expected not to change during measurements. In this case, the UE best CSI-RS beam before and after the shutdown will not change.

[image: ]
[bookmark: _Ref131709673][bookmark: _Ref131600321]Figure 5. An example of Type 2 shutdown 
Figure 5 shows an example of Type 2 shutdown. In type 2 shutdown, the number of logical ports will not be reduced with respect to non-shutdown case. However, the CSI-RS beam pattern will change (wider beam with slightly different side loop pattern). If the strongest transmission path(s) is unchanged, during measurements, then best CSI-RS beam in non-shutdown case will be covered by the corresponding widened CSI-RS beam in shutdown case. And in this case, the widened beam will also be the best CSI-RS beam.
Obsevation 14:  In type 2 shutdown, with respect to the case of non-shutdown, the number of logical antenna ports is unchanged. However, the CSI-RS beam pattern of each logical antenna port will change to become wider beams. 
Obsevation 15: [bookmark: _Ref131748895] In type 2 shutdown, the strongest transmission path(s) is expected not to change during measurements. In this case, the UE best CSI-RS beam before and after the shutdown will not change.
To verify and confirm ‎Observation 14, LLS simulations, with the assumptions listed in Appendix A, are executed. For the non-shut down case we assumed 8 ports and each port associated with 4 TxRUs. For the shutdown case we assumed 8 ports and each port associated with 2 TxRUs. The simulation results confirm that the probability that UE selects a widened CSI-RS beam that represents same direction as the best CSI-RS beam in non-shutdown case equals to 1. 
Proposal 6: For both Type 1 and Type 2, study and specify how the high correlation on CSI-RS beam can be exploited to reduce multiple CSIs calculation complexity and reporting overhead.

3.1.2 [bookmark: _Ref131617767]High correlation among PMIs before and after the shutdowns 
When the best CSI-RS beam is selected, the PMIs before and after the shutdowns will also be highly correlated as we will show in this section. Figure 6, is provided to help having an intuitive understanding of the possible correlation properties between the PMIs beams before and after the shutdown. It should be noted also that PMIs beams characterize the direction of the strongest transmission path(s) of a UE once the best CSI-RS beam is selected.

[image: ]
(a) Type 1 shutdown	
[image: ] 
(b) Type 2 shutdown

[bookmark: _Ref131605065]Figure 6 Illustrative example of PMIs beams and their possible correlation for Type 1 and Type 2 shutdown
For a given number of CSI-RS ports, , and a given rank, , the precoding matrix can be written as 

The value of PMI determines the values of the elements of the precoding matrix as specified in TS 38.214. 

Let us assume a given shutdown (Type 1 or Type 2 shutdown), that has a number of ports  and a rank  and the value of its selected precoding matrix is defined by  and the corresponding precoding matrix can be written as 

Note that for the shutdown we have  and . We define the index  and the index  to index the different elements of the precoding matrices  and .
The correlation between  and PMI is calculated as follow 

 represents conjugation operation. 
Note 1:  in case of Type 1 shutdown.
Note 2:  in case of Type 2 shutdown.
Note 3: For both shutdown types  and we call the case  hereafter as rank fall-back case. 
Figure 7 (a) and Figure 7(b) show the link level simulation results of the correlation between best PMIs under type 1 and type 2 shutdown respectively. The LLS assumptions can be found in Appendix A. The rank used in the simulation equals 1. It can be seen that the probability for high correlation (e.g., greater than 0.6) is about 0.9. 

[image: ]              [image: ]
(a) Type 1: PMIs of 32-port and 16-port             (b) Type 2: 8-port PMIs by 32 TxRUs and 16 TxRUs
[bookmark: _Ref131709910]Figure 7: PMI correlation for different shutdown patterns
Obsevation 16:  For Type 1 and Type 2 shutdown, the best PMI in non-shutdown case is highly correlated with the best PMI in shutdown case. 

3.1.3 Exploiting the high correlation properties of CSI-RS and PMI before and after the shutdown
In sections ‎3.1.1 and ‎3.1.2, we have shown by simulation and logical analysis that there are high correlations between:
1) CSI-RS beam, i.e., represented as CRI, before and after the shutdown 
2) PMI corresponding precoding matrix before and after the shutdown 
In this section, we show that this correlation property can be exploited with almost no impact to the throughput.  
Table 1 and Table 2 show the performance difference between one PMI reporting and multiple PMIs (e.g. in the simulation, two PMIs for 16 TxRUs case and 32 TxRUs case respectively) reporting for type 1 and type 2 shutdown respectively, which verifies the expectation. 
For one PMI reporting, UE reports only one PMI in non-shutdown case and gNB(/UE) derives other PMIs in shutdown case through the association relationship based on the PMI correlation as described above, which means that a UE does not have to do this if the correlation is exploited.
[bookmark: _Ref131781182]Table 1. Performance loss between one PMI reporting and multiple PMIs reporting under type 1 shutdown (Above: rank=1; Middle: rank=2; Below: rank=4)
	SNR(dB)
	0
	2
	4
	6
	8
	10
	Average

	Throughput loss (%) rank = 1
	-0.2%
	-0.1%
	-0.1%
	-0.4%
	-0.1%
	-0.3%
	-0.2%



	SNR(dB)
	0
	5
	10
	15
	20
	Average

	Throughput loss (%)
rank = 2
	-0.2%
	-1.1%
	-0.7%
	-0.4%
	-0.1%
	-0.5%



	SNR(dB)
	0
	5
	10
	15
	20
	Average

	Throughput loss (%)
rank = 4
	-3.1%
	-1.7%
	-0.5%
	-3.4%
	-4.2%
	-2.6%



[bookmark: _Ref131781218]Table 2. Performance loss between one PMI reporting and multiple PMIs reporting under type 2 shutdown (Above: rank=1; Middle: rank=2; Below: rank=4) 
	SNR(dB)
	0
	2
	4
	6
	8
	10
	Average

	Throughput loss (%)
rank = 1
	-0.3%
	-0.4%
	-0.3%
	-0.6%
	-0.4%
	-0.5%
	-0.4%



	SNR(dB)
	0
	5
	10
	15
	20
	Average

	Throughput loss (%)
rank = 2
	-0.4%
	-1.9%
	-2.3%
	-1.4%
	-1.9%
	-1.8%



	SNR(dB)
	0
	5
	10
	15
	20
	Average

	Throughput loss (%)
rank =4
	-4.3%
	-5.3%
	-4.1%
	-4.3%
	-4.1%
	-4.4%




Obsevation 17:  With good utilization of correlation property, even if the UE does not report all PMIs corresponding to multiple shutdown cases, similar/closer performance could be achieved for both type 1 and type 2 shutdown.
We have shown that the UE does not need to report all CRS-RS beam indices nor all PMIs corresponding to multiple shutdown cases which lead to reporting overhead reduction. Additionally, this means UE does not to execute the corresponding processing to calculate the non-needed CSI-RS indexes or PMIs, which leads to saving UE calculation complexity.
Given the above, we observe  
Obsevation 18:  With the high correlation of PMIs for different shutdown patterns within the best CSI-RS beams, the calculation complexity and reporting overhead on the multiple CSI measurement and reporting can be further reduced. 
Based on the provided arguments and the simulation results, we propose: 

Proposal 7: For both Type 1 and Type 2, study and specify how the high correlation on PMI can be exploited to reduce multiple CSIs calculation complexity and reporting overhead.

3.2 CSI-RS resource configuration
As for how to configure the CSI-RS resources for spatial element adaptation, the following two alternatives were discussed in [2].
	Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”



In A1-1), each CSI-RS resource associates with a spatial adaptation pattern. There is no need to additionally define the spatial adaptation pattern, as the related information, e.g. the number/configuration of CSI-RS logical ports, transmission power, have been indicated by the configuration of CSI-RS resource. 
In addition, it should be noted that, for type 2 shutdown, due to change of the precoding/beam forming weight matrix (size and/or precoding weight) of the logical CSI-RS port, independent CSI-RS resources should be used for CSI(s) measurement on different spatial adaptation patterns.  
Obsevation 19:  For type 2 shutdown, independent CSI-RS resources should be used for CSI measurement of different spatial adaptation patterns, as the precoding/beam forming weight matrix of a logical CSI-RS port must be different.
Proposal 8: Support A1-1) for both type 1 and type 2 shutdown. Each CSI-RS resource/resource set/resource setting implicitly represent one “spatial adaptation pattern”.
For the moment we see the major issue of “… or more spatial adaptation patterns” part of A1-2) is the limit on gNB implementation, and hence the solutions might be limited to specific implementations thus lack of applicability. However, if the additional advantages or benefits can be shown or proven on top of the potential solutions derived based on A1-1) with moderate specification impact, we are open to consider it for further study. This may depend on how much specific CSI-RS resource mapping patterns can be utilized to enable sufficient NES gain in a wider scenarios and the future work would be to identify suitable patterns that can enjoy such common CSI-RS resource (set/setting) configuration.   
Proposal 9: Further study and identify the scenarios and proper CSI-RS transmission patterns that can be beneficial before adopting A1-2).

3.3 CSI Report Configuration
In [2], the following two alternatives for CSI report configuration for spatial adaptation were discussed. 
	Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
FFS: Details of sub-configuration




In our views, A2-2) is should be supported to help UE to reduce multiple CSIs computing complexity and configuration overhead and in the coming will show why:
Multiple CSIs calculation complexity reduction
In legacy way A2-1), UE needs to scan all CSI-RS resources, RIs and PMIs resulting in at most M*N*K times calculation. M is the number of possible CSI-RS resources for multiple CSIs calculation, N is the number of possible RIs, K is number of possible PMIs. For example, in the Figure 8, the CSI calculation complexity is 8*N*K.

 [image: ]
[bookmark: _Ref131778136]Figure 8. Burden of multiple CSIs calculation in A1-1)
In A2-2), by configuring multiple CSIs in one report with correlation exploited by gNB configuration, a UE knows the existence of the correlation between multiple CSIs, allowing the UE to reduce CSI calculation times by using for example the following approaches. 
a) Multi-CSIs calculation complexity reduction based on high correlation on best CSI-RS beams (CSI-RS resources)
Due to the high correlation of best CSI-RS beams as described in section 2, once UE determines the best CSI-RS resource for one spatial adaptation pattern, e.g. non-shutdown pattern, UE can derive the high correlated CSI-RS resource is the best CSI-RS resource for another spatial adaptation pattern. Therefore, UE only needs to calculate CSI in the high correlated CSI-RS resource for another spatial adaptation pattern, which results in reduced CSI calculation times. 
An example as shown in the Figure 9, UE only needs to calculate CSI in the CSI-RS resources 1~5, as the CSI-RS resources 6~8 do not have correlation with the best CSI-RS resource (CSI-RS resource 5) in non-shutdown pattern, resulting in 5*N*K times calculation. 
              [image: ]  [image: ] 
[bookmark: _Ref131780869]Figure 9. Example of multiple CSIs calculation reduction for A2-2)
Obsevation 20:  A2-2) with enhancements utilizing correlation allows the UE to know the correlation existence between CSI-RS resources corresponding to different spatial adaptations, with which the UE then reduces the number of calculations.
b) Multi-CSIs calculation complexity reduction based on high correlation on PMIs
Compared with using a resource for channel estimation, PMI iteration in a resource occupies a larger amount of computing resource. Due to the high correlation of PMIs as described in section 2, when UE calculates PMI in a CSI-RS resource of a spatial adaptation pattern, e.g. spatial adaptation pattern for half TxRUs shutdown, UE only needs to iterate one PMI/PMI subset that have high correlation to the best PMI for another spatial adaptation pattern. This results in CSI calculation time reduction.
For example, in a 16 port CSI-RS resource #1, UE only needs to calculate CSI based on one 16 port PMI, where the 16 port PMI has high correlation to the best 32 port PMI of the 32 port CSI-RS resource #2. The codebook configuration of 16 port is N1=4 and N2=2. For a given rank, e.g. rank = 1, the PMI calculation times decreases from  to 1.
Obsevation 21:  A2-2) with enhancements utilizing correlation allows UE to know the correlation existence on PMIs corresponding to different spatial adaptations, with which the UE then reduces the number of calculations.
CSI report configuration overhead reduction
By implementation of A2-2), the CSI report configuration overhead can also be reduced by sharing some common parameters, e.g. IE reportFreqConfiguraion, IE reportConfigType . Note that whether the resource setting related parameters (e.g. IE resourcesForChannelMeasurement) can be shared or not should be discussed based on the discussion on CSI-RS resource configuration. 
As discussed in [2], the parameters in IE CodebookConfig are considered unable to be shared. CodebookConfig can be used to configure N1, N2 and codebook subset restriction. N1 is the number of CSI-RS ports in one dimension and N2 is the number of CSI-RS ports in another dimension. Codebook subset restriction indicates the unavailable PMI of UE in order to avoid the interference in typical direction. A bitmap is used to configure codebook subset restriction. Each bit is associated with a DFT vector  and a bit value of zero indicates that PMI reporting is not allowed to correspond to any PMI based on the DFT vector .
For type 2 shut down, due to the configuration of CSI-RS ports remains the same and the direction of PMI are similar for multiple spatial adaptation patterns, there seems all parameters in CodebookConfig(s) can be shared.
For type 1 shutdown, the number of CSI-RS port is changed, so different N1 and N2 need to be configured for different spatial adaptation patterns. Nevertheless, the configuration of Codebook subset restriction(s) for different spatial adaptation patterns can be further decreased by utilization of PMI correlation. For example, as shown in Figure 10, there is always a 32 port PMI that directs to the same/similar direction as a 16 port PMI. If the codebook subset restriction indicates the 32 port DFT vector  cannot be used, the corresponding 16 port PMIs will not be used at the same time. 
[image: ]
[bookmark: _Ref131711101]Figure 10. Example of shared codebook subset restriction
Obsevation 22: For type 1 shutdown, one CSI report configuration can contain one codebook subset restriction which corresponds to multiple spatial adaptation patterns.
Proposal 10: Support A2-2) one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern. Sub-configuration contains: 
· For type 1: 
· N1 and N2 
· FFS：CSI resource setting related parameters
· For type 2:
· FFS: CSI resource setting related parameters

3.4 CSI(s) reporting 
For CSI reporting(s), the following agreement has been achieved. 
	Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.



· CSI(s) reporting possible mechanisms 
For CSI(s) reporting mechanism, there are following potential ways:
Opt 1: gNB indicates multiple CSIs reporting
· Considering gNB requires multiple CSI reporting to achieve better shutdown decision and scheduling decision, RRC configuring periodic multiple CSIs reporting is a straight forward way. Also, Semi-persistent/A-periodic multiple CSIs reporting is also needed, so that gNB can schedule multiple CSI reporting more flexibly.
Opt 2: gNB indicates which one CSI are reported
· In the opt 2, gNB can only do shutdown decision based on one CSI. However, it is not efficient for gNB to do proper shutdown decision, which has been discussed in section 2.
Opt 3: UE selects which CSI(s) are reported
· In the opt 3, gNB can only do the shutdown decision based on the CSI(s) which are selected by UE. It means gNB’s shutdown decision is affected by UE’s CSI(s) selection criteria. So, UE’s CSI(s) selection criteria should consider the same factors that the DL traffic and actual transmission situation as gNB. However, due to the UE has no knowledge about DL traffic, it is difficult for UE to select the best shutdown pattern(s) for gNB, especially in extreme case that only one CSI is selected by UE. 
Based on the above analysis,
Proposal 11: Support gNB configuring, and triggering if needed, multiple CSIs reporting. There seems no need for gNB to indicate which exact CSI-RS resources for UE to measure and report, unless there are a large amount of CSI-RS resources configured.
· Multiple CSIs reporting in one report and overhead reduction
If A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern is supported, obviously, multiple CSIs reporting in one CSI report is a straightforward way.
For multiple CSIs reporting, the multiple CSIs reporting overhead, e.g., CQI, PMI and CRI, can be further reduced by utilization of correlation. For example, UE can report one shared CRI to represent multiple best CSI-RS resources based on the correlation on CSI-RS resources. UE can only report one shared PMI in the best CSI-RS resource for a typical spatial adaptation pattern, and then gNB derives the PMIs in the best CSI-RS resources for other spatial adaption patterns. Also, UE can report differential CQIs for multiple spatial adaptation patterns.
Proposal 12: Support multiple CSIs reporting in one report with overhead reduction techniques based on shared CRI, shared PMI and differential CQIs. FFS details of the one report content.  

4. Discussion on enhancement for adaptation in power domain
Correlations between CSIs corresponding to different powercontroloffset(s)
The powercontroloffset is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CQI based on the determined PMI. PMI is used to represent the spatial angle information of the strongest transmission path(s) of a UE. Obviously, the physical transmission environment will not be impacted by the powercontroloffset(s). Thus, the best CSI-RS beams and the PMIs corresponding to different powercontroloffset(s) are the same. Even in the case of rank fall-back caused by DL transmission power reduction, the PMIs with different ranks will also have strong correlation. In rank fall-back cases, the strongest transmission path(s) selected by UE in low rank case is mostly included in the transmission path(s) selected by UE in high rank case. In other words, it also means the strongest transmission path(s) selected by UE in low rank case and the transmission path(s) selected by UE in high rank case have the same general direction. So, the PMIs to characterize the strongest transmission path(s) in rank fall-back cases still have strong correlation. 
Obsevation 23: [bookmark: OLE_LINK8] CSIs, e.g. the best CSI-RS beams and PMIs, corresponding to different powercontroloffset(s) are correlated, since the powercontroloffset(s) is only used to derive CQI based on the determined PMI.
In RAN1#112 meeting, the following agreement has been achieved

	Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included


Potential enhancements (e.g. enhanced multiple CSIs reporting) in power domain are similar to spatial domain and can share the unified framework, e.g. similar CSI-RS resource configuration mechanism as A1-1) or A2-2), report multiple CSIs corresponding to different powercontroloffset(s) in one CSI report. Hence we do not additionally propose for this.

5. Conclusions
The following observations and proposals are provided.
Obsevation 1: There are two approaches to enable dynamic spatial and/or power adaptation:
a. Measurement first then adaptation (MFTA).   
b. Adaptation first then measurement (AFTM).
Obsevation 2: In spatial domain, MFTA can obtain 18.5% and 13.9% energy saving gain compared with AFTM, @30%RU without UPT loss in TDD and FDD cases, respectively.
Obsevation 3: In spatial domain, to achieve similar energy saving gain as MFTA, AFTM causes more than 10% and 5% UPT loss in TDD and FDD cases, respectively.
Obsevation 4: Using legacy multiple CSI report configurations for the purpose of UE NES operations i.e., MFTA reduces the number of possible available CSI report configs needed for other UE non-NES operations, e.g. BM, tracking.
Obsevation 5: Using legacy framework, N multiple CSI report configurations to enable MFTA, requires the UE to measure all CSI-RS resources (for channel measurement) referred within the N multiple CSI report configurations which increases the number of simultaneously occupied CPUs. Hence, the UE complexity will be a limiting factor to enable efficient MFTA.
Obsevation 6: Using legacy framework, M CSI reporting to enable MFTA, requires the UE to send M multiple CSI reports which increases the UL overhead. Hence, the UL overhead will be a limiting factor to enable efficient MFTA.
Obsevation 7: Enhancement of multiple CSIs framework for MFTA is needed to overcome the UE capability limitation, e.g. the number of CSI report configs, and computing capability limitation, and reduce the reporting overhead. 
Obsevation 8: There seems to be no issue for UE receiving PDSCH with spatial adaptation pattern update and/or PDSCH transmission power change in a dynamic manner, as the current UE AGC can handle the DL transmission power changes.
Obsevation 9: For type 2 shutdown, it is not a problem that the UE may receive a weak transmission of CSI-RS as it will enable the gNB to take a better adaptation decision in MFTA.
Obsevation 10: If the gNB boosts the transmission power of CSI-RS for type 2 shutdown, current RRC informing CSI-RS transmission power is sufficient.
Obsevation 11: During multiple CSI measurements, the strongest transmission path(s) between the UE and gNB remains the same due to the nearly unchanged physical transmission environment.
Obsevation 12: In type 1 shutdown, with respect to the case of non-shutdown, the CSI-RS beam of each logical antenna port is unchanged. However, the number of logical antenna ports is reduced.
Obsevation 13: In type 1 shutdown, the strongest transmission path(s) is expected not to change during measurements. In this case, the UE best CSI-RS beam before and after the shutdown will not change.
Obsevation 14: In type 2 shutdown, with respect to the case of non-shutdown, the number of logical antenna ports is unchanged. However, the CSI-RS beam pattern of each logical antenna port will change to become wider beams. 
Obsevation 15:  In type 2 shutdown, the strongest transmission path(s) is expected not to change during measurements. In this case, the UE best CSI-RS beam before and after the shutdown will not change.
Obsevation 16: For Type 1 and Type 2 shutdown, the best PMI in non-shutdown case is highly correlated with the best PMI in shutdown case. 
Obsevation 17: With good utilization of correlation property, even if the UE does not report all PMIs corresponding to multiple shutdown cases, similar/closer performance could be achieved for both type 1 and type 2 shutdown.
Obsevation 18: With the high correlation of PMIs for different shutdown patterns within the best CSI-RS beams, the calculation complexity and reporting overhead on the multiple CSI measurement and reporting can be further reduced. 
Obsevation 19: For type 2 shutdown, independent CSI-RS resources should be used for CSI measurement of different spatial adaptation patterns, as the precoding/beam forming weight matrix of a logical CSI-RS port must be different.
Obsevation 20: 	A2-2) with enhancements utilizing correlation allows the UE to know the correlation existence between CSI-RS resources corresponding to different spatial adaptations, with which the UE then reduces the number of calculations.
Obsevation 21: A2-2) with enhancements utilizing correlation allows UE to know the correlation existence on PMIs corresponding to different spatial adaptations, with which the UE then reduces the number of calculations.
Obsevation 22: For type 1 shutdown, one CSI report configuration can contain one codebook subset restriction which corresponds to multiple spatial adaptation patterns.
Obsevation 23: CSIs, e.g. the best CSI-RS beams and PMIs, corresponding to different powercontroloffset(s) are correlated, since the powercontroloffset(s) is only used to derive CQI based on the determined PMI.


Proposal 1: Support MFTA as an efficient dynamic adaptation without UPT performance loss, where CSIs corresponding to multiple candidate spatial adaptation patterns and/or multiple power back-off values need to be available at gNB before gNB taking the adaption decision.
Proposal 2: Regarding signalling aspect for NES-capable UE, transition time per adaptation (for UE) is unnecessary.
Proposal 3: Regarding signalling aspect for NES-capable UE, informing the UE on spatial adaptation pattern update and/or PDSCH transmission power change is unnecessary.
Proposal 4: Regarding signalling aspect for NES-capable UE, reducing the transmission power of CSI-RS is unnecessary.
Proposal 5: Regarding signalling aspect for NES-capable UE, dynamically informing UE on CSI-RS transmission power change due to adaptation is unnecessary.
Proposal 6: For both Type 1 and Type 2, study and specify how the high correlation on CSI-RS beam can be exploited to reduce multiple CSIs calculation complexity and reporting overhead.
Proposal 7: For both Type 1 and Type 2, study and specify how the high correlation on PMI can be exploited to reduce multiple CSIs calculation complexity and reporting overhead.
Proposal 8: Support A1-1) for both type 1 and type 2 shutdown. Each CSI-RS resource/resource set/resource setting implicitly represent one “spatial adaptation pattern”.
Proposal 9: Further study and identify the scenarios and proper CSI-RS transmission patterns that can be beneficial before adopting A1-2).
Proposal 10: Support A2-2) one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern. Sub-configuration contains: 
· For type 1: 
· N1 and N2 
· FFS：CSI resource setting related parameters
· For type 2:
· FFS: CSI resource setting related parameters

Proposal 11: Support gNB configuring, and triggering if needed, multiple CSIs reporting. There seems no need for gNB to indicate which exact CSI-RS resources for UE to measure and report, unless there are a large amount of CSI-RS resources configured.
Proposal 12: Support multiple CSIs reporting in one report with overhead reduction techniques based on shared CRI, shared PMI and differential CQIs. FFS details of the one report content.



6. References
[1] RP-223540, Huawei, New WID: Network energy savings for NR, November 14 –November 18, 2022.
[2] R1-2302179, Huawei, Final FL summary for spatial and power domain techniques for R18 NES, February 27 – March 3, 2023.


7. Appendices 
[bookmark: _Ref131711651][bookmark: _Ref131711615]Appendix A: LLS assumption

	Parameter
	Value

	Carrier frequency, SCS
	3.5GHz, 30kHz 

	Channel model
	CDL-B  10ns delay spread

	UE speed
	3 km/h

	Number of UE antennas 
	4R

	Number of gNB antennas
	32T
(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH, dV)=(0.5, 0.8)λ

	MCS
	Link adaptation

	DMRS type
	DM-RS type 1

	Number of DMRS symbols
	1

	Number of scheduled RBs
	24

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Rank
	Fixed rank: 1, 2, 4

	Channel estimation
	Realistic channel estimation

	PRB Bundling
	4





Appendix B: SLS assumptions
	[bookmark: _Hlk118295041][bookmark: _Hlk118294928]
	Parameters

	Basic parameters
	Channel model
	3D-Uma as in TR 38.901 
with 100% low loss
	3D-Uma as in TR 38.901
with 100% low loss

	
	Device deployment
	80% indoor, 20% outdoor
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m
	500m

	
	Network Topology
	7*3 Sector
	7*3 Sector

	
	Carrier Frequency
	2.1GHz
	4.0GHz

	
	Multiple access
	OFDMA
	OFDMA

	
	Duplexing
	FDD (for set 2 ref. config)
	TDD (for set 1 ref. config)

	
	Numerology
	15KHz,
14 OFDM symbol slot
	30kHz,
14 OFDM symbol slot

	
	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)
	TDD: 2.08% (272 RB for 30kHz SCS and  100 MHz bandwidth)

	
	Simulation bandwidth
	equal split of 10 MHz for UL and DL
	100MHz

	
	Frame structure
	N/A
	DDDSU

	
	UT attachment
	Based on RSRP
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	
	Traffic model
	FTP3 IM, VOIP
	FTP3 IM, VOIP

	BS parameters
	BS antenna height
	25 m
	25 m

	
	BS noise figure
	5 dB
	5 dB

	
	BS antenna element gain
	8 dBi
	8 dBi

	
	Antenna configuration at TRxP
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ
	For 64T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;4,8)
(dH, dV)=(0.5, 0.8)λ

	UE parameters
	UE power class
	23dBm
	23dBm

	
	UE noise figure
	9 dB
	 9 dB

	
	UE antenna element gain
	0 dBi
	0 dBi

	
	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	
	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Transmission parameters
	Modulation
	Up to 256 QAM
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO 
	SU-MIMO 

	
	SU dimension
	For 4Rx: Up to 4 layers
	For 4Rx: Up to 4 layers

	
	DL CSI measurement
	Non-precoded CSI-RS  based
	Precoded CSI-RS based

	
	DL codebook
	Type I codebook
	non-PMI transmission

	
	SRS transmission
	N/A
	For UE 4 Tx ports: Non-precoded SRS

	
	CSI feedback
	Subband based, every 5 slot 
	Subband based, every 5 slot

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF
	PF

	
	Receiver
	MMSE-IRC
	MMSE-IRC

	
	HARQ scheme
	Ideal
	Ideal

	
	Max HARQ retransmission
	3
	3

	
	Target BLER
	10% of first transmission
	10% of first transmission

	
	Power control parameters
	Open loop, 
P0=-80dBm, alpha=0.8
	Open loop,
P0=-80dBm, alpha=0.8

	
	Channel estimation
	Non-ideal
	Non-ideal

	Others
	For relative power and transition time of modes, additional energy and scaling method, we fully reuse the baseline from RAN1#110bis-e agreements. Additionally, for η, we use the two-value-model for evaluation.





Appendix C: Beam gain of 8-port PMI with port virtualization
The following figures shows the beam gain of some 8 port PMIs. Due to the number of all 8 port PMIs is large, we only select some 8 port PMIs with different i11, and same i12. PMIs with different i11 means they directed to the different direction in one dimension (e.g. horizontal dimension). PMIs with same i12 means they directed to the same direction in another dimension (e.g. vertical dimension). In the following figures, we can observed the directions of the main lobe of each PMI corresponding to type 2 shutdown case and type 2 non-shutdown case respectively are similar.
[image: ][image: ][image: ][image: ]
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Appendix D: UE capability for CSI calculation and CSI reporting
Limitation on the number of CSI-reportconfigs per BWP
Maximum number of P/SP/A-CSI CSI-reportConfigs per BWP is limited by UE capability of supported number of CSI reports. At most 4 P/SP/A-CSI CSI reports per BWP can be supported by a UE, as shown in the following text in TS 38.331.
	[bookmark: _Toc60777463][bookmark: _Toc115429309]–	MIMO-ParametersPerBand
The IE MIMO-ParametersPerBand is used to convey MIMO related parameters specific for a certain band (not per feature set or band combination).
<omitted>
CSI-ReportFramework ::=                         SEQUENCE {
    maxNumberPeriodicCSI-PerBWP-ForCSI-Report       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForCSI-Report      INTEGER (1..4),
    maxNumberSemiPersistentCSI-PerBWP-ForCSI-Report INTEGER (0..4),
    maxNumberPeriodicCSI-PerBWP-ForBeamReport       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForBeamReport      INTEGER (1..4),
    maxNumberAperiodicCSI-triggeringStatePerCC      ENUMERATED {n3, n7, n15, n31, n63, n128},
    maxNumberSemiPersistentCSI-PerBWP-ForBeamReport INTEGER (0..4),
    simultaneousCSI-ReportsPerCC                    INTEGER (1..8)
}
<omitted>



Limitation on CSI processing unit (CPU)
Processing of a CSI report occupies a number of CPUs. The maximum number of simultaneous CSI calculations (CPUs) per CC is limited by UE capability. In current specification, at most 8 simultaneous occupied CPUs for each CC can be supported by a UE. If the actual simultaneous CPUs exceed UE capacity, UE drops CSI report with low capability, as shown in the following text in TS 38.214.
	[bookmark: _Toc11352119][bookmark: _Toc20318009][bookmark: _Toc27299907][bookmark: _Toc29673176][bookmark: _Toc29673317][bookmark: _Toc29674310][bookmark: _Toc36645540][bookmark: _Toc45810585][bookmark: _Toc60777161]5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If N CSI reports start occupying their respective CPUs on the same OFDM symbol on which  CPUs are unoccupied, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Clause 5.2.5), where is the largest value such that  holds. 




Limitation on {maxNumberTxPortsPerResource, maxNumberResourcesPerBand, totalNumberTxPortsPerBand}
maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource. maxNumberResourcesPerBand indicates the maximum number of resources across all CCs within a band simultaneously. totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs within a band simultaneously. In current specification, UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability, as shown in following text in TS 38.214.
	5.2.1.6	CSI processing criteria
<omitted>
In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. For aperiodic CSI-RS, starting from the end of the PDCCH containing the request and ending at the end of the PUSCH containing the report associated with this aperiodic CSI-RS. For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.
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