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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A new work item on “Spatial and Power Adaptations for network energy savings for NR” was started in RAN1#112 [1]. The following agreements were made in RAN1#112bis-e [2]. This contribution further discusses various aspects of spatial and power domain adaptation and analyzes its performance to improve network energy savings (NES).

	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
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.

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 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 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
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.

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

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.




2 Spatial domain techniques for network energy saving
The adaptation of number of the spatial elements may or may not change the number of ports based on the spatial elements switched off. Fig. 1a illustrate Type 1 adaptation where switching off of elements causes change in number of ports, whereas Fig. 1b illustrates Type 2 spatial adaptation without affecting number of ports.   The adaptation of spatial elements, both Type 1 and Type 2, will have an impact on the channel characteristics and transmission/reception of channels/signals. For e.g., the channel quality reduces when the gNB adapt its operations from 16 ports to 8 ports, The gNB should ensure that the impact of adaptation should be minimized at the UE. E.g., operating with 8 ports should support the throughput requirement at the UE. 
	
[image: ]
Figure 1. Adaptation of spatial elements

To get information about the impact of possible spatial adaptation pattern, the gNB can configure UE to measure CSI-RS corresponding to the pattern and report various parameters. The gNB may configure the UE with multiple CSI-RS resources, each corresponding to different spatial adaptations. In NR, a single CSI-RS resource set contains several CSI-RS resources. Each CSI-RS resource within the resource set can be associated with a spatial adaptation pattern. However, the current specification restricts all the CSI-RS resources within a resource set to have same number of ports. Thus, the flexibility to use different number of ports among different resources within the resource set is lost. To avoid this restriction and to support configurability of NZP CSI-RS resource(s) for channel measurement, two alternatives A1-1-revised and A1-2-revised were identified in RAN#112bis-e [2]. Hence, if each resource within the resource set is allowed to be assigned with different number of ports, then the CSI reports for multiple spatial element adaptations can be configured by indicating a single resource set. This will avoid the configuration of multiple resources sets for multiple adaptations and thereby avoids the increase in RRC overhead and transmissions of a large number of CSI-RS resource sets. In NR, the resource mapping IE containing number of ports is configured for each CSI-RS resource individually. Hence, a CSI-RS resource set can be configured with multiple CSI-RS resources each corresponding to different number of ports. Alternative A1-1-revised in RAN#112bis-e[2] support configuring different ports to different CSI-RS resources within a resource set. This will allow separate CSI-RS for each spatial adaptation with different muting patterns of spatial elements helping in making more accurate measurements at the UE, which is suitable for both type 1 and type 2 adaptations. Whereas, alternative A1-2-revised in RAN#112bis-e [2] may cause degradation in CSI measurements since the UE receives CSI-RS resource corresponding to only one pattern and perform hypothetical measurement for other patterns using the received CSI-RS resource. This degradation in the CSI measurements will negatively impact the performance of UE. Introducing more number of CSI-RS resources per resource set for individual measurements of different spatial adaptation patterns in A1-2-revised, to improve accuracy of CSI measurement will make it similar with the A1-1-revised in terms of number of CSI-RS transmissions. Hence the alternative A1-1 is more suitable for both type 1 and type 2 spatial adaptation. 
Observation 1: Following observations are made about configuring CSI-RS resources with multiple spatial adaptation patterns for channel measurement 
· A1-1-revised is aligned with conventional measurements and can be implemented using existing CSI framework.
· A1-2-revised causes degradation in CSI measurement accuracy as the UE will receive CSI-RS corresponding to only one pattern.
Proposal 1: A CSI-RS resource set with multiple resources, where each resource corresponding to only one spatial adaptation pattern (A1-1-revised) for both type 1 and type 2 spatial adaptation is supported.

For supporting different spatial adaptation patterns, one CSI report configuration containing multiple CSI sub-configurations, where each sub-configuration corresponds to one spatial adaptation pattern was agreed in RAN 112bis-e [2]. A UE configured with the CSI report configuration has to measure the CSI-RS resources indicated by all sub configurations and has to report multiple CSIs for the multiple adaptations. This will increase the UE processing, UL resource consumption, UE complexity and UE power consumption. Also, the number of reports a UE can send depends on the capability of the UE which is limited. Hence, for a Semi-persistent/Aperiodic CSI reporting, gNB indicating a subset of N CSIs to report from the total of L sub configurations, where N>=1 was agreed in RAN 112bis-e[2]. The number of reports in a subset needed at the gNB may depends on the varying network conditions such as traffic requirements. Hence, the signaling required for indicating the subset N can be given in a DCI for adapting the dynamic variations of network conditions. Also, selection of which of the N sub configurations out of L sub configurations needed, should be indicated to the UE. The signalling to indicate the subset N should be minimum to avoid the increase in DL overhead. In an example, a value of maximum number of ports can be signalled explicitly to indicate the subset of N CSIs, where the UE will report for all the port numbers less than or equal to the indicated maximum number of ports. 
Proposal 2: gNB explicitly signalling maximum number of ports, to select a subset of N sub configurations to report, to the UE is supported.
Further, the adaptation of spatial elements causes variation in the CSI-RS configurations signalled to the UE. For e.g., CSI-RS resources semi-statically configured to the UE is associated with certain number of ports, using which the UE is expecting the gNB to transmit the CSI-RS resource. The dynamic adaptation of spatial elements may vary the number of logical ports creating variation in the CSI-RS configuration given to the UE. Therefore, gNB dynamically signalling information about the adaptation of spatial elements to the UE is supported. The UE can update the CSI-RS configuration based on dynamic indication and perform measurements based on the updated CSI-RS configuration. 
Observation 2: The adaptation of spatial elements by the gNB causes variation in the number of logical ports and CSI-RS configuration given to the UE.
Proposal 3: gNB dynamically signalling information about the adaptation of spatial elements to the UE is supported.
To achieve a maximum benefit of energy saving, the spatial domain adaptation should be applied in all the symbols equally for e.g., a symbol containing both CSI-RS and PDSCH. Further the spatial adaptation will affect the power of all the signals and channel in the symbol. If the CSI-RS power adaptation is not supported then the spatial adaptation may not be possible for the symbols containing CSI-RS, this will reduce the energy saving gain. Hence the CSI-RS power adaptation is supported. In NR, the power of CSI-RS is configured as a power offset value using RRC, where the power offset is a difference of CSI-RS power per RE relative to the SSB power per RE. Hence the power offset of CSI-RS relative to the SSB should be varied according to the spatial adaptation pattern. The change in CSI-RS power due to spatial adaptation will affect the measurements at the UE. Hence an information about the CSI-RS power should be known to the UE. A CSI-RS power offset value relative to the SSB should be signalled in L1 layer signalling to indicate the dynamic variance in the CSI-RS power.
Observation 3: Not supporting the power adaptation for CSI-RS will restrict the spatial adaptation to symbols without CSI-RS thereby reducing the NES gain
Proposal 4: Change in the CSI-RS power offset relative to the SSB and dynamically indicating about the change to the UE is supported.
3 Power domain techniques for network energy saving
In NR, the adaptation of transmit power of DL signals/channels is performed using various power offsets configured to the UEs semi-statically through RRC. Therefore, the power offsets cannot adapt to the variation in network parameters, like channel condition and location of UE, which are dynamic in nature. Dynamic reduction in the transmit power based on variation in network parameters will help to conserve energy at the gNB. The power offset is defined as the ratio of EPRE between two DL signals or channels. The EPRE is same across the set of resources occupied by the signal/channel. However, the parameters like channel condition can vary across the set of resources. Therefore, dynamic adaptation of transmit power within the resources occupied by the signal/channel is supported.  
Proposal 5: Multiple power offsets of signals/channels at gNB corresponding to different set of frequency and time resources is supported.
The dynamic variation in transmit power will have implications at the UE side as well. For e.g., the UE uses the information about transmit power of RS in measuring various parameters (such as average pathloss) and reporting the parameters to the gNB. Hence, the indication about the dynamic adaptation of power at the gNB to the UE is helpful in making accurate measurements of DL signals and channels at the UE. The indication can be given dynamically using L1 layer signaling to address the dynamic variation in transmit power. A power offset value to indicate the adapted power at the gNB should be signalled in L1 layer signalling.
Proposal 6: Dynamically indicating about the adapted power offset to the UE is supported.

4 Conclusion
In this contribution, we discussed the techniques in spatial and power domains for NES. According to the technical analysis, the following proposals are made, 

Observation 1: Following observations are made about configuring CSI-RS resources with multiple spatial adaptation patterns for channel measurement 
· A1-1-revised is aligned with conventional measurements and can be implemented using existing CSI framework.
· A1-2-revised causes degradation in CSI measurement accuracy as the UE will receive CSI-RS corresponding to only one pattern.
Proposal 1: A CSI-RS resource set with multiple resources, where each resource corresponding to only one spatial adaptation pattern (A1-1-revised) for both type 1 and type 2 spatial adaptation is supported.
Proposal 2: gNB explicitly signalling maximum number of ports, to select a subset of N sub configurations to report, to the UE is supported.
Observation 2: The adaptation of spatial elements by the gNB causes variation in the number of logical ports and CSI-RS configuration given to the UE.
Proposal 3: gNB dynamically signalling information about the adaptation of spatial elements to the UE is supported.
Observation 3: Not supporting the power adaptation for CSI-RS will restrict the spatial adaptation to symbols without CSI-RS thereby reducing the NES gain.
Proposal 4: Change in the CSI-RS power offset relative to the SSB and dynamically indicating about the change to the UE is supported.
Proposal 5: Multiple power offsets of signals/channels at gNB corresponding to different set of frequency and time resources is supported.
Proposal 6: Dynamically indicating about the adapted power offset to the UE is supported.
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