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1. Introduction
In RAN1#112 meeting, the following contents were agreed. In this contribution, we will discuss the techniques for CSI measurement/report enhancements in spatial and power domains, including design on adaptation of spatial element and power offset, signaling design, and CSI processing issues.
	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
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”
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
· 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.
· 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
· Agreement
· For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline
· 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.


2. [bookmark: _Hlk101275836]Discussion on NES  in spatial domain
2.1. Design principle
In RAN1#112, two types of shutdown patterns have been discussed. Fig. 1(a) and Fig.1(b) provide two possible structures of shut-down patterns. In Fig. 1(a), all spatial elements/TxRUs associated to a logical antenna port have to be enable/disable together. While in Fig.1(b), gNB can enable/disable part of the spatial elements/TxRUs associated to a logical antenna port(s). In our opinion, depending on gNB implementation, either types of shutdown patterns can be adopted in practice. Therefore, the potential enhancements designed to address the adverse effects of spatial element adaptation and power offset adaptation need to be applicable to both types of shutdown patterns. 
	

	


	[bookmark: _Ref131231433]Fig. 1(a): Type-1 shutdown (Enable/disable all spatial elements/TxRUs associated to a logical antenna port)
	Fig.1(b): Type-2 shutdown (Enable/disable of part of spatial elements/TxRUs associated to a logical antenna port(s).))


[bookmark: _Ref131238516]Proposal 1: Enhancements on spatial elements adaptation and poweroffset adaptation need to be applicable to both type-1 shutdown and type-2 shutdown.
2.2. CSI measurement and report enhancement
In RAN1#112 meeting, several options for CSI measurement and CSI report enhancement have been discussed. The following section provides some pros and cons of the combination of the above options.
	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”
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



Case1: Alt. 1-1 + Alt. 2-1: a framework of the current spec. The CSI reports for multiple spatial adaptation patterns must be implemented through multiple CSI report configurations, which may in turn exceed the maximum number of allowed CSI report configurations which are reported by UE.
Case2: Alt. 1-2 + Alt. 2-1: Although the configuration flexibility is increased by configuring multiple patterns to each resource/resource set/resource setting, this case still takes up too much of the CSI report configurations like case1.
Case3: Alt. 1-1 + Alt. 2-2: Not only does this case have the advantage of flexibility in selection of spatial adaptation pattern, but it also does not take up too much the number of CSI report configuration.
Case4: Alt. 1-2 + Alt. 2-2: The difference between case3 and case4 is whether to use one resource to represent different spatial adaptation patterns or multiple resources to represent different spatial adaptation patterns. Obviously, it is difficult to use one resource to represent two spatial adaptation patterns before and after Type II shutdown, because Type II shutdown affects the way ports are mapped. The advantages and disadvantages of the different combinations are concluded in the following table: 
Table 1: Comparison between different ways of CSI resource and report configuration
	Resource
	Report
	Observation

	Alt. 1-1
	Alt. 2-1
	Case1: Legacy case without spec impact.
Cons: It will cost multiple resource and CSI report configurations for multiple spatial patterns

	Alt. 1-2
	Alt. 2-1
	Case2: Each CSI report configuration is associated to part of CSI-RS resource/resource set/resource settings corresponding to one spatial adaptation pattern
Cons: It still costs multiple CSI report configurations for multiple spatial patterns

	Alt. 1-1
	Alt. 2-2
	Case3: Each CSI report configuration is associated to multiple CSI-RS resource/resource set/resource settings where each corresponds to one spatial adaptation pattern
Pros: It only costs single report configuration for multiple spatial patterns and this case is applicable to any shut down case

	Alt. 1-2
	Alt. 2-2
	Case4: Each CSI report configuration is associated to a single CSI-RS resource/resource set/resource setting corresponding to multiple spatial adaptation patterns
Pros: It only costs single CSI report configuration for multiple spatial patterns
Cons: It assumes the port mapping before and after shutting down remains the same (not applicable to Type 2 shut down)


The following part shows an example for case3: Alt. 1-2 + Alt. 2-2, where multiple CSI report sub-configurations corresponding to different CSI-RS resource sets belong to one CSI report configuration as shown in Fig. 2. In this example, one CSI report configuration includes 3 sub-configurations, and different sub-configurations can be distinguished by different resource sets, which are associated to different antenna port configurations/ powercontroloffsets. In order to ensure that the base station can obtain CSI with different spatial adaptation patterns during TxRU adaptation, L1\L2 signaling can be used to indicate the activated sub-configuration at one time.


[bookmark: _Ref131232371]Fig. 2: one example for Option 3
In current spec, for periodic and semi-persistent CSI Resource Settings, when the UE is configured with groupBasedBeamReporting-r17, the number of CSI Resource Sets configured is S=2, otherwise the number of CSI-RS Resource Sets configured is limited to S=1. So case3 has relatively small changes to the existing standard, which allows one report configuration to be configured with several resource sets corresponding to different spatial adaptation patterns. Most importantly, this framework is easier to extend in the future. In terms of the CSI report configuration enhancements, it should be noted that the changes in the number of ports will also affect changes related to the codebook configuration, so obviously, each sub-configuration may need to include the corresponding codebook configuration
[bookmark: _Ref131238519]Proposal 2: Support Alt. 1-1 + Alt. 2-2 for spatial element adaptation 
· One resource configuration for channel measurement includes multiple CSI-RS resource sets, where each resource set can be associated with only one spatial adaptation pattern
· CSI-RS resource in different CSI-RS resource sets may have different resourceMapping (e.g., nrofports) that corresponds to different spatial adaptation pattern
· One CSI report configuration includes multiple sub-configurations, where each sub-configuration corresponds to one of the configured CSI-RS resource sets
· Sub-configuration at least includes codebookConfig   
According to the last meeting, CSI report enhancements can be further summarized as the following options:
· Opt1 (single-CSI): activate one CSI report at one time
· Opt2 (multi-CSI): activate multiple CSIs and reported jointly in one occasion
Table 2 presents the system level simulation results of dynamic port adaptation (i.e., dynamic switching between 32ports and 8ports) for both multi-CSI and single-CSI. The criteria for the adjustment of the number of ports between 32 ports and 8 ports is the traffic load and the RSRP of UEs. And the UPT loss and energy saving gain are derived by comparing the results to the baseline where 32 ports are always on. 
[bookmark: _Ref131513829][bookmark: _Ref131513825]Table 2: System level simulation results for multi-CSI and single-CSI
	
	Dynamic adaptation between 32ports and 8ports（per slot）

	
	UPT Loss 
	Energy saving gain
	Baseline: 32ports are always on

	Multi-CSI
	0.02%
	12.8%
	

	Single-CSI
	0.36%
	9.4%
	


It is obviously shown from Table 2 that although the UPT loss of multi-CSI is slightly smaller than that of single-CSI, the energy saving gain of both is actually similar. For a slot with spatial adaptation of antenna ports at gNB, the difference between single-CSI case and multi-CSI case is that the CSI for MCS selection is obtained from a CSI report in occasion of previous period or a CSI report in the most recent reporting occasion. In this case, although multi-CSI would have some advantage for acquiring the more accurate CSI, performance gain by adopting multi-CSI reporting for throughput and energy saving compared to single-CSI is limited. On the other hand, multi-CSI requires more overhead for CSI reporting than single CSI in one reporting occasion. Therefore, the motivation and benefits for reporting multiple CSIs in the same occasion should be further justified.
[bookmark: _Ref131238498]Observation 1: Compared to single-CSI, multi-CSI has marginal energy saving gain.


[bookmark: _Ref131516091]Fig. 3: CSI processing unit occupation for multi-CSI
In addition, multi-CSI will bring more UE complexities on CSI calculation compared with single-CSI. Fig. 3 gives a diagram of CPU usage. If multiple CSIs are reported at the same occasion, it means simultaneous CPU occupancy corresponding to multiple spatial patterns, which increases the burden on the UE computation. While single-CSI can stagger the calculation time of different CSIs and average them out over a period of time to ease the pressure on the UE.
[bookmark: _Ref131517073]Observation 2: Compared to single-CSI, multi-CSI will bring more UE complexities on CSI calculation.
[bookmark: _Ref131517128]Proposal 3: Support single-CSI report in one CSI reporting occasion,
· When CSI report configuration includes multiple sub-configurations, only one sub-configuration from the multiple sub-configurations is activated at one time
Regarding the PMI correlation between different spatial adaptation patterns, we give some link-level simulation results for this. Fig. 4  and Fig. 5 shows the CDF of the correlation between PMIs with different spatial adaptation patterns in the same channel condition. For the case of fixed rank as shown in Fig. 4, the correlation between PMIs for different spatial adaptation patterns is calculated as described in [3]. For the case of rank adaptaion as shown in Fig. 5, since the RI selected for 32ports and 16ports may not be the same, the correlation calculation process is different from the fixed rank case. The correlation between different PMIs of different sizes is compared per layer and then a maximum value is taken per layer, and finally the correlation is the average of the correlations of all layers. From the following figure, it can be seen that the correlation of PMIs corresponding to different spatial adaptation patterns is not very high.

	 [image: ]
	 [image: ]

	[bookmark: _Ref131334270]Fig. 4: PMI correlation with fixed Rank
	[bookmark: _Ref131334289]Fig. 5: PMI correlation with rank adaptation


[bookmark: _Ref131517078]Observation 3: In the case of fixed rank (rank=1), the probability that the PMI correlation coefficient is greater than 0.7 is about 70%. In the case of rank adaptation, the probability that the PMI correlation coefficient is greater than 0.7 is about 55%, which is not very high in a sense.
For the fixed-rank case, the following Table 3 gives the throughput performance with a 16ports PMI obtained from a 32ports PMI, compared to that with the actual PMI obtained from 16 ports Codebook. As can be seen from the table, if the scheduling uses a 16-port PMI derived from a 32-port PMI, there is about a 4.4%-6.8% loss in throughput. With higher rank, e.g., rank=2, the throughput loss becomes larger, especially for high SNR. It is expected that when PMI is obtained from with a larger port number PMI there is non-neglectable throughput loss.
[bookmark: _Ref131517006][bookmark: _Ref131517082]Table 3 (a): Throughput loss with 16-ports PMI obtained from 32-ports PMI compared to PMI from 16-ports Codebook（rank=1）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Throughput
Loss (%)
	6.84
	6.54
	6.51
	6.42
	6.21
	5.94
	5.63
	5.35
	5.14
	4.82
	4.4


[bookmark: _Ref131582636]Table 3 (b): Throughput loss with 16-ports PMI obtained from 32-ports PMI compared to PMI from 16-ports Codebook（rank=2）
	SNR (dB)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Throughput
Loss (%)
	6.86
	6.81
	6.91
	6.65
	6.01
	5.82
	5.9
	5.8
	5.77
	5.91
	5.8


[bookmark: _Ref132277489]Observation 4: If PMI of a spatial adaptation pattern with smaller antenna ports number is determined by the PMI of another spatial adaptation pattern with larger antenna ports number, there would be at least 4%-6% loss in throughput.
For the rank adaptation case, we also compare the probability of equal rank for different spatial adaptaion patterns under different SNR as shown in the Table 4. It can be seen from the following table that the probability to have the same rank for different spatial adaptation patterns is smaller than 60% in most cases.
[bookmark: _Ref131335749]Table 4: Probability of equal rank for different spatial adaptation patterns（32ports & 16ports）
	SNR (dB)
	-3
	-2
	-1
	0
	1
	2
	3

	Probability of equal rank
	0.5294
	0.4998
	0.5042
	0.544
	0.605
	0.6624
	0.6984

	SNR
	4
	5
	6
	7
	8
	9
	10

	Probability of equal rank
	0.706
	0.683
	0.6356
	0.5864
	0.5286
	0.4758
	0.4286


[bookmark: _Ref131517085]Observation 5: Under the same channel conditions, the probability of equal RI for different spatial adaptation patterns is low, which is almost equal to 50%.
In summary, for Opt2, since multiple CSIs are jointly reported in one occasion, it will increase the computation complexity of UE. In addition, if the PMI in multiple CSIs is shared, the PMI correlation between different spatial adaptation patterns is limited as seen in the above simulation. In addition, compared to the UPT and ESG gain brought by multi-CSI, there is a throughputloss caused by shared PMI, so whether this optimization is necessary needs further discussion.
2.3. Signaling design
As mentioned earlier, the motivation to jointly report multiple CSIs at the same time in one occasion needs further clarification. We prefer to report only one sub-configuration CSI in one occasion to avoid imposing excessive computation complexity on the UE. When the network dynamically adapts between multiple sub-configurations or rather between multiple spatial adaptation patterns, appropriate indications are needed to inform the UE which sub-configuration to report. Several signaling format can be considered for the indication:
· dedicated PDCCH
· Group common PDCCH
· MAC CE
The adjustment of sub-configuration (e.g., number of ports and power offsets) is cell-specific behaviour, which is common to all the UEs within the cell. If the notification of the adjustment is transmitted to each UE, signalling overhead would significantly increase. To reduce the signalling overhead, group-common L1 signalling can be considered for the spatial element adaptation. One implement way is to use RRC configure the CSI-RS Resource set/ antenna port configuration/ power offsets combination list in advance, and DCI can dynamically indicate the activated entry to facilitate the spatial element adaptation and power offset adaptation. It is important to note that the existing resource set granularity allows more flexibility in indicating the corresponding changes in spatial domain and power domain. If the DCI is adopted to indicate the change of sub-configuration, the final application time needed to be further discussed.
[bookmark: _Ref131238525][bookmark: _Ref115454430]Proposal 4: Support group common DCI to indicate the active sub-configuration corresponding to a spatial adaptation pattern that UE shall report,
· For each CSI reporting occasion corresponding to one report configuration, only one sub-configuration can be indicated as active
2.4. Beam management
The Dynamic adaptation of spatial element will undoubtedly have an impact on the CSI-RS transmission. Regardless of whether the ultimate effect is the reduction of the number of beams or the decrease of the RS power, it all will result in the redefinition of UE behaviours.  
TxRU ON/OFF means that certain RSs are deactivated and the calculation of the UL power control is related to the measurements of the DL RSs, it is inaccurate to estimate the path loss based on these deactivated signals. In addition, there is a common problem that the decrease of the measured RSRP due to spatial element adaptation may lead the UE to mistakenly believe that a beam failure or BFR failure has occurred. 
In conclusion, the above potential effects on UE can be listed as follows:
· L1-RSRP/L3-RSRP measurement
· UL power control
· Beam management, beam failure recovery, radio link monitoring
If the antenna ports used for RSRP measurement are mapped with all of TxRUs, TxRU adaptation definitely impact the RSRP computation. If the antenna ports used for RSRP measurement are mapped with a subset of TxRUs, RSRP computation can be independent of TxRU adaptation if associated TxRUs remain unchanged.
In view of the above-mentioned effects, a convenient way is that the adaptation of spatial element and power offset won’t impact the antenna ports which are used for L1-RSRP/L3-RSRP measurement, and which means the corresponding CSI-RS Resources may not be affected.
[bookmark: _Ref131238531]Proposal 5: Spatial element adaptation and power offset adaptation are not applicable to the CSI-RS Resources for L1-RSRP/L3-RSRP measurement/ beam management 
3. Disscussion on NES in Power domain 
Adaptation of power offset values between PDSCH and CSI-RS is intended to enable gNB to efficiently adjust the transmission power of PDSCH transmission. Therefore, it is important for gNB to obtain the CSI with different power offset values between PDSCH and CSI-RS. In this regard, adaptation of power offset values between PDSCH and CSI-RS will also have impact on CSI measurement and/or report.
Based on the above analysis, we think a unified framework for adaptation of spatial element and adaptation of power offsets between PDSCH and CSI-RS can be used. 
[bookmark: _Ref131238535]Proposal 6: Design a unified framework for spatial elements adaptation and power offset adaptation.
4. Conclusion
In this contribution, network energy saving techniques in spatial and power domain are discussed and the following observations and proposals are summarized as follows: 
Observation 1: Compared to single-CSI, multi-CSI has marginal energy saving gain.
Observation 2: Compared to single-CSI, multi-CSI will bring more UE complexities on CSI calculation.
Observation 3: In the case of fixed rank (rank=1), the probability that the PMI correlation coefficient is greater than 0.7 is about 70%. In the case of rank adaptation, the probability that the PMI correlation coefficient is greater than 0.7 is about 55%, which is not very high in a sense.
Observation 4: If PMI of a spatial adaptation pattern with smaller antenna ports number is determined by the PMI of another spatial adaptation pattern with larger antenna ports number, there would be at least 4%-6% loss in throughput.
Observation 5: Under the same channel conditions, the probability of equal RI for different spatial adaptation patterns is low, which is almost equal to 50%.
Proposal 1: Enhancements on spatial elements adaptation and poweroffset adaptation need to be applicable to both type-1 shutdown and type-2 shutdown.
Proposal 2: Support Alt. 1-1 + Alt. 2-2 for spatial element adaptation
Proposal 3: Support single-CSI report in one CSI reporting occasion,
· Multiple sub-configurations configured by RRC, and only one sub-configuration is activated at one time
Proposal 4: Support group common DCI to indicate the active sub-configuration corresponding to a spatial adaptation pattern that UE shall report
· For each CSI report occasion configured in a single report config., only one CSI-RS resource set and one sub-configuration can be indicated as active
Proposal 5: Spatial element adaptation and power offset adaptation are not applicable to the CSI-RS Resources for L1-RSRP/L3-RSRP measurement/ beam management
Proposal 6: Design a unified framework for spatial elements adaptation and power offset adaptation. 
5. Appendix A : SLS assumption
Table I. System Level Simulation assumption for FR1 Urban Macro scenario
	Parameter
	value

	Scenarios
	Urban Macro
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 2.08% Guard Band

	Subcarrier spacing
	30 kHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)
(dH, dV) = (0.5, 0.8) λ

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

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	55dBm, EIRP should not exceed 73 dBm

	UE max Power
	23 dBm, EIRP should not exceed 43 dBm

	BS height
	25m

	UE height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl~uniform (1, Nfl) where Nfl~uniform (4,8)

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Down-tilt
	6 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	UE distribution
	For evaluation of enhanced BS with TxRU muting:
20% outdoor (30km/h), 80% indoor (3km/h)
For evaluation of enhanced BS with UE WUS:
100% outdoor (60km/h)

	Traffic model
	FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)


6. Appendix B : LLS assumption
Table II. Link Level Simulation assumption 
	Parameter
	value

	Carrier frequency, SCS
	3.5GHz, 30kHz 

	Channel model
	CDL-B  100ns 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, 0.5)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
	rank adaptation/ fixed rank

	Channel estimation
	Realistic channel estimation

	PRB Bundling
	4


7. Appendix C : Comparison of different shutdown pattern
This appendix gives the schematic diagram of beamforming with different shut down patterns. It can be seen from the figure that for the TypeI shutdown pattern, the beam direction is not affected very much in the general direction before and after the shutdown, while for the TypeII shutdown pattern, the beam direction after the shutdown is no longer fixed and there will be a huge derived side flap.
[image: ]
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