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Introduction
Based on the WI description in RP-223540, the following objective has been agreed on NW energy saving techniques in spatial and power domains:
	3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· [bookmark: _Hlk126497374]Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]In this contribution, we discuss various aspects from the above objective for each of the spatial domain technique and power domain technique. And in our companion contribution, we discuss the enhancements on cell DTX/DRX mechanism [1].
Techniques in Spatial domain
As already observed during the Rel-18 Study Item phase, specifically the analysis and results captured in TR 38.864, the spatial adaptation technique can achieve large energy saving gains. However, such gains do not come for free as turning-off some of the antenna/spatial elements typically results in a reduced beamforming gain which would, in turn, result in throughput degradation and coverage loss. Nevertheless, some performance degradation may be tolerated by the system for the benefit of achieving noticeable network energy savings, and they may be limited or even compensated.
It’s worth pointing out that the WI description doesn’t exclude multi-TRP scenarios and operations (such as the ones specified under Rel-16/Rel-17 MIMO), which means that, unless agreed otherwise, such scenarios should also be specified. In general, our view is that these scenarios and operations should be in the scope of the WI, while we recognize that additional efforts would be required to specify their corresponding necessary enhancements; note that the amount of effort may be low or high depending on whether we target some or all already-specified multi-TRP operations and modes. It should thus be discussed and decided, as early as possible, whether these operations/scenarios are in the scope of the WI.  
Proposal 1: RAN1 to confirm whether multi-TRP scenarios and operations are in the scope of the WI on network energy savings.
When considering antenna-based adaptation, based on gNB implementation, there could be different ways of mapping between (logical) antenna ports and TxRUs (transceiver units), where a TxRU is associated with an antenna ‘subarray’ which consists of a set of physical antenna elements. Based on how this mapping is done, there could be two types/ways of spatial adaptation from a (logical) antenna port perspective (see Figure 1):
· [bookmark: _Hlk126760434]Type 1: only a subset of the set of spatial/antenna elements (i.e., subset of antenna subarrays) associated with an antenna port is muted or activated. In this case, the spatial adaptation is done in terms of a subset of muted/activated antenna elements or TxRUs (or subset of antenna subarrays) associated with this antenna port, but this adaptation doesn’t result in muting this antenna port. 
· Type 2: all spatial/antenna elements associated with an antenna port are muted or activated. In this case, the spatial adaptation results in muting/activating this antenna port.

[image: ]
Figure 1: Example illustrating spatial adaptation, from an antenna port perspective, considering Type 1 and Type 2 implementations.

From the WI description, it seems that both types, i.e., Type 1 and Type 2, are in the scope.
Observation 1: Based on the Rel-18 WID, from an (logical) antenna port perspective, the following types of spatial adaptation are in the Rel-18 WI scope:
· Type 1: only a subset of the set of spatial/antenna elements associated with the antenna port is muted or activated. In this case, the spatial adaptation doesn’t result in muting this antenna port.
· [bookmark: _Hlk126760909]Type 2: all spatial/antenna elements associated with the antenna port are muted or activated. In this case, the spatial adaptation results in muting/activating this antenna port.

An additional point that would require clarification is the following Note from the WI description:
•	“Note: Above objectives are only for UE specific channels/signals”.  
Specifically, in case of spatial adaptation, it should be clarified whether this adaptation is (always) applicable to all UE dedicated signals/channels or whether some exceptions would need to be introduced.
Proposal 2: Discuss whether spatial adaptation is applicable to all UE dedicated signals and channels.
In the following, we will discuss various aspects related to the WI objective on spatial adaptation.
Enhancements on CSI measurement and reporting to enable spatial adaption
Spatial adaptation essentially consists in the network switching, in a dynamic or semi-dynamic manner, from one spatial pattern to another, to potentially achieve network energy saving gains. An example of spatial (muting) patterns can be found in Figure 2.



Figure 2: Example illustrating different spatial (muting) patterns; dotted/grey boxes correspond to muted spatial elements.

In the following section, we discuss various aspects related to CSI measurement and reporting, in order to enable spatial adaption for the purpose of achieving network energy savings. But before that, we provide some brief background on the existing CSI framework.

	CSI-RS has many functions in NR, e.g.:
· CSI-RS for DL CSI acquisition 
· CSI-RS for beam management (BM) (based on L1-RSRP)
· CSI-RS for tracking (TRS)
· UL CSI acquisition in reciprocity-based UL precoding
In some applications (e.g., CSI-RS for BM) CSI-RS are spatially beamformed into different directions.
In general, a UE can be configured with up to 48 report configurations per component carrier (CC) / 4 per bandwidth part (BWP). Each reporting configuration/setting (CSI-ReportConfig) is associated with a single downlink BWP (indicated by higher layer parameter BWP-Id) given in the associated CSI-ResourceConfig for channel measurement and contains the parameter(s) for one CSI reporting band: codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations, and the CSI-related quantities to be reported by the UE such as the layer indicator (LI), L1-RSRP, L1-SINR, CRI, and SSBRI, etc.
One CSI resource configuration (CSI-ResourceConfig) within 1 CSI report configuration can be configured with up to 16 resource sets (aperiodic CSI) and 1 resource set (otherwise).
In each CSI resource set up to 64 NZP CSI-RS resources and 1 NZP-CSI-RS resource up to 32 antenna ports. All CSI-RS resources within one set are configured with same density and same nrofPorts, except for the NZP CSI-RS resources used for interference measurement. 
For semi-persistent and aperiodic CSI-RS, the actual triggering of CSI-RS transmission is per CSI-RS resource-set via either MAC CE or DCI. And a resource set can be used as part of UE report configurations describing what to be measured and, correspondingly, which measurement reporting are to be done by the UE. Specifically, if a CSI-RS resource-set is configured as ‘aperiodic’ by RRC, the CSI-RS resource set configuration includes a slot offset, aperiodicTriggeringOffset which defines the time interval between the triggering DCI and the CSI-RS transmission.
The UE measurement reporting of CSI can be also operated with periodic, semi-persistent, or aperiodic manner, which is so-called report types in NR report configuration. However, there are certain limitations, based on which the UE periodic report can operate only based on the configured periodic CSI-RS resource-set, the UE semi-persistent report can operate based on both configured periodic and semi-persistent CSI-RS resource-set, and finally the UE aperiodic report can operate based on all periodic, semi-persistent, and aperiodic CSI-RS resource-set.
For CSI acquisition, the UE is configured also with a codebook type. Given the measured channel across a CSI-RS resource, the UE can choose a favourite codeword from the specified codebook, i.e., precoding matrix indicator (PMI), along with channel quality indicator (CQI), rank indicator (RI). UE can also be configured to measure several CSI-RS resources (up to 8) within a resource set and report the favourite resource, CSI-RS resource indicator (CRI), along with PMI, CQI and RI which corresponds to that selected resource.




CSI report configuration
In order to evaluate the performance of each spatial antenna (muting) pattern, it would be reasonable that the gNB asks UEs to evaluate different spatial patterns and provide related feedback/report; example of different spatial (muting) patterns are provided in Figure 2. The gNB would then account for the reports from different UEs in order to decide which spatial pattern(s) to apply or whether to update a current applicable pattern. Based on legacy procedures, a UE can already be configured with multiple CSI report configurations and triggered to provide reports/measurements for these configurations, where each report configuration (along with a CSI resource setting configuration) could correspond to a spatial/antenna (muting) pattern. 

In other words, existing specifications somewhat allow the evaluation of various spatial patterns. However, this would clearly require large number of CSI report configurations. And it should be noted that there are currently limitations on such numbers e.g., per BWP and CC, such as (see TS 38.331 and TS 38.306):
· Maximum number of periodic CSI report configurations/settings per BWP for CSI report, for which the candidate values are {1, 2, 3, 4}.
· Maximum number of aperiodic CSI report configurations/settings per BWP for CSI report, for which the candidate values are {1, 2, 3, 4}.
· Maximum number of CSI report(s) for which the UE can measure and process reference signals simultaneously in a CC, for which the candidate values are {from 1 to 8}; note that the CSI report comprises periodic, semi-persistent and aperiodic CSI and any latency classes and codebook types; also, the CSI report includes the beam report and CSI report.
In addition, the following Note in the WI objective mandates considering legacy UE CSI related capabilities: 
“Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements”
The above Note doesn’t explicitly provide all the details on which capabilities to exactly consider, it would thus be good to clarify which ones are exactly covered by this Note. We thus propose:
Proposal 3: Clarify the exact UE CSI/CSI-RS capabilities covered in the following Note (captured in the WI description):
· “Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements.”

Anyhow, it’s somehow clear that using multiple CSI report configurations to represent different spatial patterns would not be feasible as this would result in large number of CSI report configurations and this would then violate the legacy capabilities.
One way to circumvent the above issue would be to use same CSI report configuration to evaluate multiple spatial patterns, meaning that a CSI report configuration would need to contain or be associated with multiple (spatial) configurations for different spatial patterns. This then requires some enhancements on the existing CSI report configuration structure. Specifically, the following options can be foreseen, some of which were mentioned by companies during the SI phase:
· Option 1: Single CSI-RS resource is used for the evaluation of multiple spatial patterns. For example, gNB would transmit a 32-port CSI-RS resource and ask the UE to evaluate different patterns corresponding to different antenna port subsets, such as patterns corresponding to 16 ports and 8 ports, based on this single CSI-RS resource.
· Option 2: One CSI-RS resource or resource set is used for the evaluation of each spatial pattern, i.e., one CSI-RS resource or resource set is associated with each spatial pattern.
· Option 3: A combination of Option 1 and Option 2. With Option 3, as an example, a first CSI-RS resource may be used to evaluate multiple spatial patterns corresponding to different antenna port subsets. And a second CSI-RS resource may be used to evaluate e.g., multiple spatial patterns that have the same (active) antenna port subset associated with the first CSI-RS resource, and where these patterns have different muted/active sets of antenna elements or TxRUs. 
We now discuss the pros and cons of each of the above options:
· Option 1 would at least work in case of FR1, and whether it would also work in case of FR2 could be discussed. This option clearly results in low DL overhead due to the use of a single CSI-RS resource transmission to evaluate multiple spatial patterns at a time. This, however, is not the case for Option 2 as multiple CSI-RS resources are needed with this option. Also, compared with Option 2, Option 1 is better in terms of energy saving as it relies on one CSI-RS transmission instead of multiple transmissions. 
· On the other side, recalling that there are different types of adaptation from an antenna port perspective (as discussed above), namely Type 1 and Type 2, Option 1 may not work in the case of Type 1 as two different spatial patterns may e.g., have the same set/subset of antenna ports but may have difference in terms of active, or alternatively muted, antenna elements or TxRUs. 
· Consequently, different CSI-RS resources may be needed to evaluate such patterns. This then suggests that an option that is in line with Option 3 would be needed in this case.
Observation 2: If one CSI report configuration is used to evaluate multiple spatial (muting) patterns, then this CSI report configuration would need to contain or be associated with multiple configurations for different spatial (muting) patterns. To achieve this, the following options seem viable:
· Option 1: Single CSI-RS resource is used for the evaluation of multiple spatial (muting) patterns.
· Option 2: One CSI-RS resource or resource set is used for the evaluation of each pattern, i.e., one CSI-RS resource or resource set is associated with each pattern.
· Option 3: A combination of Option 1 and Option 2.
Proposal 4: Discuss how one CSI report configuration can be used to evaluate/measure multiple spatial (muting) patterns.

Spatial (pattern) configuration:
In addition to (active) spatial elements (e.g., antenna ports, TxRUs), a spatial (muting) pattern may also correspond to other configurations/elements, such that dedicated configurations/elements are used for representing a spatial (muting) pattern; the set of all these configurations/elements could be seen and termed as ‘spatial configuration’. For instance, one such configuration/element may be the ‘codebook’ configuration (including codebook subset restriction). Recall that, among other parameters, the codebook configuration comprises and, for a given number of antenna ports, corresponds to the following parameters: N1, N2, O1, O2, which refer to the number of antenna rows, number of antenna columns, horizontal oversampling ratio and vertical oversampling ratio, respectively.
Proposal 5: Discuss which dedicated configurations/elements, which would constitute a ‘spatial configuration’, are required for representing a spatial (muting) pattern.
Frequency domain related configuration:
Based on legacy, the CSI reporting band for the CSI report is defined as a subset of sub-bands of the BWP. The UE shall only consider these sub-bands when determining the CSI. Considering the options discussed above, when the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp., narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel. In other words, the channels with different spatial patterns may have different frequency selectivity characteristics. It would thus be important to discuss this observation when revisiting the CSI report configuration design from frequency domain configuration perspective, and specifically from sub-band configuration perspective.
Observation 3: When the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp. narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel.
Proposal 6: Discuss the implications of different spatial patterns potentially having different channel characteristics in terms of frequency selectivity on the design of CSI report configuration, such as from sub-band configuration perspective.

CSI report content
On what the UE is expected to report to assist the gNB in selecting a suitable spatial pattern: 
· In our view it would be reasonable to allow the gNB to configure/ trigger the UE to select and report one (or more) spatial pattern from a set of candidate spatial patterns the UE is configured or indicated with. In addition to the UE selecting and reporting best/preferrable pattern(s), gNB would ask the UE to also report CSI measurements, such as PMI/RI, for the selected pattern(s). Generally speaking, gNB should be able to configure the UE to report more than one pattern, e.g., 2 out of X patterns, and one of the reported patterns will be selected by the gNB e.g., according to such reports from multiple UEs.
· Another approach would be that the UE is (always) required to report measurements corresponding to all the spatial patterns in the set. This approach provides additional knowledge for the gNB; however, it results in high UL control overhead (especially when the number of spatial patterns is large) without necessarily bringing noticeable additional benefits compared with the approach consisting in selecting and reporting one or a couple of (best/preferrable) spatial pattern(s).
Observation 4: Relying on the approach where the UE is (always) required to provide CSI report(s) corresponding to all or several of configured spatial patterns would result in large UL control overhead, especially when the number of spatial patterns is large.
[bookmark: _Hlk126830331]As discussed above, asking the UE to select and report one or a couple of spatial patterns, along with their corresponding measurements, can guarantee somewhat low UL control overhead. We now discuss some aspects related to how such selection could be performed. One aspect is if there is a need to differentiate between the cases where the set of patterns the UE is selecting from have same number of active antenna elements or not. Specifically,
· Case 1: When the spatial patterns in the set of patterns have same number of (active) spatial/antenna elements. In this case, there is practically no difference in power/energy saving level (from network Tx perspective) between the different spatial patterns. One way for pattern selection would be to follow similar logic as for CRI (CSI-RS resource indicator) down-selection in Rel-15, by basically letting the UE select one preferrable pattern (and thus e.g., one CSI-RS resource under Option 2 above) based on UE implementation. 
· Other than UE implementation, it’s also possible to let the gNB configure criteria for the selection, such as ones related to rank, RSRP or CQI, etc.
· Case 2: When the patterns in the set of patterns have different number of (active) spatial/antenna elements. In this case, different spatial patterns may have different power/energy saving levels. Hence, UE would need to report a pattern(s) with best power/energy saving while fulfilling one or more criteria related with performance constraint, such as minimum rank.

The above approach, considering Case 1 and Case 2, would then allow the gNB to be informed about one (or more) preferrable/best spatial patterns from UE perspective without the need to get feedback for all the set of spatial patterns that the UE has been instructed to select from.
Observation 5: It may not be necessary for the UE to provide CSI report corresponding to all candidate spatial patterns, and it could be sufficient to have UE reporting based on a selection of one or a couple of spatial patterns. This would then allow keeping the UL control overhead low.
Observation 6: For spatial pattern selection at the UE, there may be a need to differentiate between the case where the set of candidate patterns (the UE is selecting from) have same and the case where they have different number of (active) spatial/antenna elements.
Proposal 7: To minimize the CSI feedback overhead, discuss for the CSI report content whether this report would be based on a subset selection from multiple spatial patterns by the UE.
Proposal 8: Discuss whether there is a need to differentiate the CSI report content depending on whether the spatial patterns have same or different number of spatial/antenna elements. 

Burden at the UE
Even when the CSI report would rely on a selection of one or a couple of spatial patterns, the UE burden due to evaluating multiple (indicated) candidate spatial patterns would be high. It should thus be discussed whether there could be ways to reduce the burden at the UE for searching for/ selecting suitable/preferred/best pattern(s). Otherwise, the UE would need to evaluate all candidate patterns, by e.g., calculating their PMI/RI, in order to be able to select a pattern(s). However, this would increase the UE burden and power consumption, especially when the number of patterns to evaluate and select from is large. In this regard, it should be discussed whether it’s necessary to evaluate all the patterns before making selection of best suitable/preferred/best pattern by the UE. This observation is valid for at least Case 2 described earlier.
Observation 7: Evaluations/measurements of all (indicated) candidate spatial patterns increases the UE burden and power consumption.
Proposal 9: In the case where the UE is required to provide CSI report based on multiple (indicated) candidate spatial patterns, discuss how/whether the UE burden (due to evaluating multiple candidate spatial patterns) could be reduced.

Impact on CSI derivation/computation
The impact of spatial adaptation on CSI computation/measurements should be discussed, and this includes channel measurements and interference measurements. Specifically, when a new spatial pattern becomes applicable within a period of CSI measurements, it should be clarified how the CSI computation should be performed if this calculation is based on CSI-RS resources impacted by switching to a new spatial pattern, i.e., impacted by the applicability of a new spatial pattern.
Based on legacy procedures (TS 38.214), in the CSI Report configuration/setting, it is possible to configure measurement restrictions in the time-domain, through timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements, for channel and interference resources respectively. If measurement restriction is configured, the UE is only allowed to use the latest occurrence of the CSI-RS/IM for channel/interference measurement into account when deriving the CSI; basically, the UE is restricted from temporally averaging the measurement of the resources in this case. Otherwise, if this measurement restriction is not configured, the UE would typically perform averaging in order to improve the channel/interference estimation performance. In this case, the gNB doesn’t have full knowledge of which resources/occurrences the UE has used for the CSI computation; see Figure 3 below.
[image: ]
Figure 3: Illustration of legacy CSI derivation based on multiple reference signals measurement resources/occurrences/samples. 

Observation 8: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 10: Discuss how the CSI computation/derivation operation is impacted due to switching to a new spatial pattern.

Enhancements on beam management
Impact on TCI state indication/update due to spatial adaptation
Different spatial patterns may have different characteristics e.g., in terms of beam pattern. Specifically, as explained earlier, when the number of spatial elements is reduced, the beam pattern from lower number of spatial elements may be wider due to low spatial resolution. It can thus be observed that spatial adaptation may impact applicable TCI states.
Based on legacy procedures, either Rel-15 TCI framework or Rel-17 unified TCI framework, essentially up to 8 TCI states are activated in MAC CE and 1 (DL) TCI state could be indicated in DCI. This up to 8 active TCI states are essentially used to represent different beam directions, or equivalently, quasi-colocation information (such as QCL type A and type D). However, given that there is potentially a relationship between an applicable spatial pattern and applicable TCI states, there may be need to discuss whether a frequent update of active TCI states would be required to follow the spatial pattern change/adaptation; if it turned out to be necessary, such update would then incur latency and overhead and thus may not preferrable.
Observation 9: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 11: Discuss whether the existing TCI state indication procedures should be enhanced when considering spatial pattern adaptation.

Beam failure related procedures
Another aspect that would require discussions is how the spatial adaptation would impact the beam failure related procedures. Specifically, such impact may be in terms of beam failure detection and/or beam recovery. Otherwise, a restriction could be added that RSs (reference signals) used for beam failure detection and recovery should not be impacted by spatial adaptation. Although it may result in reducing the network energy saving opportunities, such a restriction could be used at least as fallback option for the related RAN1 discussions – in case the impact of spatial adaptation on legacy beam failure related procedures is seen to be somewhat big. 
Proposal 12: Discuss how/whether spatial adaption impacts beam failure detection and beam recovery procedures.

Signalling aspects
What is signalled for spatial pattern change indication
In the previous sections, we discussed some of the enablers for spatial adaptation. One additional important enabler is on how the spatial pattern change/adaptation is signalled to a UE, meaning that, how to inform the UE that a new spatial pattern is applicable. 

[bookmark: _Hlk126875041]Considering the previous discussions on different Types of spatial adaptation (namely, Type 1 and Type 2, which are discussed from a single antenna port perspective), two different spatial patterns may differ in at least one of the following spatial elements:
· subset/set of (active) antenna ports
· subset/set of active (or muted) antenna elements or TxRUs for one or more antenna ports

Based on the above, the signalling content of spatial adaptation should be carefully studied. In the following, we discuss and provide some observations regarding this aspect. 
· Signalling a new spatial pattern may consist in signalling an update of parameters for (active) CSI-RS configurations, such as in terms of antenna ports. Alternatively, the signalling of a new spatial pattern may consist in providing corresponding (active) antenna port subset without necessarily binding it to (active) CSI-RS configurations, and the UE would then determine how/whether this new spatial pattern, and thus new subset of antenna ports, impacts these CSI-RS configurations – such as in terms of active (and muted) antenna ports.
· Similar study should be conducted when spatial adaptation consists of switching from one spatial pattern to a new/different spatial pattern and these patterns have different number of active TxRUs corresponding to one or more antenna ports that are common between the two patterns – including the case where the two patterns have the same antenna port subset. When an antenna port is ‘common’ between the previous spatial pattern and the new spatial pattern, the number of (active) TxRUs or antenna elements corresponding to this port may or may not change between the two patterns. It’s worth noting that such an antenna port can be for NZP CSI-RS resource(s) used for channel measurement or for interference measurement. Whether the number of TxRUs of a common port has changed or not could be leveraged in measurement averaging and computation from multiple RS resources/occurrences.

Observation 10: Different spatial patterns may differ in at least one of the following spatial elements:
· subset/set of (active) antenna ports 
· subset/set of active (or muted) antenna elements or TxRUs for one or more antenna ports
Observation 11: When an antenna port is common between the previous spatial pattern and the new spatial pattern, the number of (active) antenna elements or TxRUs corresponding to this port may or may not change between the two patterns.
Proposal 13: Discuss signalling content of spatial adaptation, considering that different spatial patterns may differ in at least one of the following spatial elements: antenna ports, number of active (or muted) antenna elements or TxRUs for one or more antenna ports.

Signalling means for spatial pattern change indication
In addition to the signalling content, signalling means/ways to inform a UE about applicable spatial pattern(s) needs to be studied carefully. 
Generally speaking, repeatedly signaling the switch of spatial pattern, or the set/subset of spatial elements, introduces additional signaling overhead (and transient periods). We should thus aim at ways, to inform a UE(s) about spatial pattern change, that don’t result in large DL signaling overhead as much as possible. This would then result in more potential energy-saving opportunities for the network, as the gNB could be less ‘active’ when the DL signaling overhead is kept low.
Observation 12: Repeatedly signaling the switch of spatial pattern introduces additional signalling overhead (and transient periods). Aiming at ways, to inform a UE(s) about spatial pattern change, that don’t result in large DL signalling overhead is important from overhead perspective, which would then result in more potential energy-saving opportunities for the network.
We foresee the following options on how to signal/configure the UE the spatial adaptation/change:
· [bookmark: _Hlk127094974]Option 1: Rely on semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration as needed.
· Option 2: Use MAC CE to indicate the UE spatial pattern change/adaptation.
· Option 3: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) spatial pattern change/adaptation.
· Here, it should be discussed whether/how existing operation(s) could be leveraged in such a way to also carry the indication of spatial pattern change. For instance, one could consider ZP-CSI-RS related operation as the network would anyhow potentially need to trigger/update ZP-CSI-RSs.
Option 1 has the advantage of reduced signaling overhead as, with this option, there is no need to provide indication each time the gNB is switching from one spatial pattern to another, and a frequent update of the configuration of spatial partitions (in time) is not expected. Option 3 would provide a faster spatial adaptation compared to Option 2 (and Option 1, if the spatial pattern to switch to is not part of the configuration/ spatial partitions), whereas Option 2 would introduce non-negligible transient periods (e.g., due to the acknowledgment for the PDSCH carrying the MAC CE). On the other hand, Option 3 is more prone to errors (i.e., missing DCIs) compared to Option 2. Depending on whether signaling for an existing operation(s) can be leveraged, such as for ZP-CSI-RS related operation, Option 3 may also have reduced signaling overhead.
Proposal 14: Discuss signalling ways for spatial adaptation, considering the following options as a baseline:
· Option 1: Use semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration.
· Option 2: Use MAC CE to indicate the UE(s) a spatial pattern change/adaptation.
· Option 3: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) a spatial pattern change/adaptation.
· This option includes leveraging signaling for an existing operation(s) if possible.
Furthermore, the option(s) to adopt for spatial adaptation should be able to accommodate the presence of legacy UEs in the system, i.e., coexistence between UEs that are subject to network spatial adaptation and legacy UEs that would not be aware of this adaption. In that regard, it seems that Option 1 could be a good candidate to serve this purpose as with this option there could be e.g., periodic opportunities to communicate/serve legacy UEs.
Observation 13: The approach to adopt for spatial adaption and corresponding signalling should accommodate the presence of legacy UEs in the system.

Considerations for multi-TRP operations
The discussions below assume that multi-TRP operations are in the scope of the Rel-18 WI.
TRP adaptation can be essentially achieved by dynamically (or semi-dynamically) muting/unmuting a TRP(s). Such adaption should be discussed for the general case considering carrier aggregation (CA) where a cell may be configured with two TRPs (i.e., configured with multi-TRP) or one TRP. To enable TRP adaptation, in our view cell activation/deactivation like approaches could be adopted. In legacy, there are two approaches for enabling cell deactivation/activation: (i) one approach is based on the network sending an indication of activation/deactivation (via MAC CE) for the UE, (ii) the other approach is based on configuring the UE with a timer per configured SCell (sCellDeactivationTimer), where basically if, on an SCell, the UE doesn’t receive or transmit before the corresponding timer expires, the UE considers this serving cell as deactivated. Similar approaches could then be used for enabling dynamic TRP adaptation. Further, for CA cases, the dynamic muting/unmuting of a TRP(s) could be considered on a per cell level or cell-group level.
Observation 14: For enabling dynamic TRP muting/unmuting (including for CA cases), similar approaches as for enabling legacy SCell deactivation/activation seem workable, i.e., approaches based on explicit indication and ‘activity-aware’ timer.
In addition, impact of dynamic TRP muting/unmuting on the UE measurement and reporting, considering e.g., the Rel-17 enhancements for multi-TRP CSI, should be discussed. Under these Rel-17 enhancements, the UE is configured with two CMR (channel measurement resource) groups and UE determines and measures CMR resources and resource pairs corresponding, respectively, to single-TRP hypotheses and multi-TRP (NCJT) hypotheses. Hence, with TRP adaption, when a TRP is muted, a UE would need to discard measurements (and thus reporting) for resources and resource pairs that include CMRs corresponding to the muted TRP.
Proposal 15: If TRP adaptation is in the scope of Rel-18 WI, impact of such adaptation on UE measurement and reporting should be considered.
Another important aspect is the impact of dynamic TRP muting/unmuting on the beam-failure detection procedure, e.g., considering the Rel-17 per-TRP beam failure detection and recovery operations. Otherwise, if this impact is not explicitly defined, UE may for instance declare beam failure and initiate recovery for a TRP while this TRP has been simply muted by the network.
Proposal 16: If TRP adaptation is in the scope of Rel-18 WI, impact of such adaptation on the Rel-17 per-TRP beam failure and recovery operations should be considered.
Further, as can be noticed from the above discussions, it’s essential that each TRP has a sort of identifier. To identify/represent a TRP, at least one of the following identifiers could be used: explicit TRP ID, CORESETPoolIndex. So far, the use of CORESETPoolIndex has been used for multi-DCI mode, as an implicit way to ‘identify’/’represent’ a TRP, however the usage of CORESETPoolIndex doesn’t necessarily need to be tied to multi-DCI mode, i.e., could be used in general as one way to identify/represent a TRP.
Proposal 17: If TRP adaptation is in the scope of Rel-18 WI, consider how to identify/represent a TRP.

Techniques in Power domain
In legacy NR, the transmit power of SSB is semi-statically configured via ss-PBCH-BlockPower in SIB1. And a transmit power offset (powercontrolOffsetSS) is semi-statically configured to indicate the transmission power of CSI-RS relatively to the transmit power of SSB. Based on the received power of CSI-RS, the UE derives the CSI feedback for PDSCH transmission, which accounts also for the semi-statically configured power offset (powerControlOffset) between PDSCH and CSI-RS transmissions. Note also that the power offset configurations for PDSCH and CSI-RS are BWP-specific and each NZP-CSI-RS resource is configured with one power offset setting between CSI-RS and PDSCH.
For energy saving, the gNB could dynamically reduce the PDSCH transmission power. PT-RS and PDSCH DMRS are UE specific, and they follow PDSCH power/PSD level with potential power offset, so information of applied power reduction is not needed for demodulation of PDSCH. If the UE is in good coverage and e.g. doesn’t support high MCS (1024QAM), the potential DL power reduction may be large and may not have any impact on DL performance. However, if only the transmission power of PDSCH is adapted while the transmission power of CSI-RS does not change accordingly (e.g., due to the fact that CSI-RS resources can be shared among multiple UEs), the actual transmission power offset between PDSCH and CSI-RS could be quite different from the configured power offset value, powercontrolOffset. And because powercontrolOffset is semi-statically configured, it cannot follow the dynamic power changes of PDSCH. Alsobecause  gNB does not know channel information, it cannotto compensate the CSI reports estimated by the UE with a wrong assumption about the offset between CSI-RS and PDSCH as discussed in [3]. Thus, the legacy operation related to CSI reporting when the power offset value between PDSCH and NZP CSI-RS varies dynamically, can benefit from being enhanced to assist NW energy saving operation.
Observation 15: Information of applied power reduction or configured value of powercontrolOffset is not needed for demodulation of PDSCH.

Enhancements on CSI-related procedures
In order to do efficient DL power adaptation, gNB needs to know how the channel characteristics change if PDSCH power is reduced. After the DL power reduction, the gNB should also know if the PDSCH power should be increased back to the nominal value. Several enhancements to CSI-related procedures can be considered:
1. CSI reports based on hypothetical power offsets between PDSCH and CSI-RS
i) gNB may indicate additional hypothetical power offsets between PDSCH and CSI-RS to UEs. When reporting CSI, the UE could report additional CQI, RI and/or other CSI values associated to certain hypothetical power offsets. By such enhancement, gNB can be aware of suitable MCS and number of MIMO layers to be applied on PDSCH with reduced Tx power. This method can be realized by modifying NZP-CSI-RS resource configuration so that it contains multiple values of powercontrolOffset and CSI report based on this configuration include CQI/RI/other CSI values for the configured powercontrolOffset values. The drawback of this method is that the size (i.e. resource consumption in UL) for the CSI report content increases with the number of hypothetical power offset values, but the report then contains all the information needed at the network to determine, how much PDSCH power can be reduced. 
ii) The option above can be modified so that multiple hypothetical powercontrolOffset values are configured via RRC signalling, as in option i, and then DCI/MAC CE signalling is introduced to indicate to the UE which of the configured values should be used when creating a CSI report. The size of the CSI reports can then be smaller than in the previous option, but gNB may need to spend additional energy for the L1/L2 signalling, especially if it needs to trigger multiple reports before it can conclude how much PDSCH power can be reduced. 
iii) One more option that does not necessarily require specification changes is to configure multiple NZP-CSI-RS resources whose only difference is different powercontrolOffset value. Separate CSI reports corresponding to each NZP-CSI-RS resource are then sent from the UE. From network energy saving and overhead point of view this is the worst option as it requires additional CSI-RS transmissions by the network and entails a large CSI report overhead.

2. CSI report indicating possible power reduction that e.g. minimizes performance degradation
Tx power reduction that reduces the supported number of MIMO layers may be counterproductive as it may significantly decrease the spectral efficiency and, as consequence, increase the data latency and overall network energy consumption. Hence, the NW would benefit from determining the maximum Tx power reduction that can be applied for the UE without degrading the supported MIMO layers. The same applies also to MCS selection, i.e. UE could directly estimate how many dB power can be reduced without needing to switch to lower MCS. It is then beneficial to let the UE evaluate the maximum reduced power offset value at which the UE can maintain the indicated RI and MCS, and report these values to the gNB as part of CSI report.
Proposal 18: To enable efficient adaptation of power offset values between PDSCH and CSI-RS, RAN1 considers the following options:
· Enhancing CSI report with multiple CSI values (e.g. CQI, RI) associated with different hypothetical power offsets between PDSCH and CSI-RS;
· Introducing DCI/MAC CE signaling to indicate which of the configured power offset values between PDSCH and CSI-RS are to be used when creating a CSI report; 
· Enhancing CSI report with an indication of maximum power reduction that can be made while the UE still maintains rank / MCS.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: RAN1 to confirm whether multi-TRP scenarios and operations are in the scope of the WI on network energy savings.
Observation 1: Based on the Rel-18 WID, from an (logical) antenna port perspective, the following types of spatial adaptation are in the Rel-18 WI scope:
· Type 1: only a subset of the set of spatial/antenna elements associated with the antenna port is muted or activated. In this case, the spatial adaptation doesn’t result in muting this antenna port.
· Type 2: all spatial/antenna elements associated with the antenna port are muted or activated. In this case, the spatial adaptation results in muting/activating this antenna port.
Proposal 2: Discuss whether spatial adaptation is applicable to all UE dedicated signals and channels.
Proposal 3: Clarify the exact UE CSI/CSI-RS capabilities covered in the following Note (captured in the WI description):
· “Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements.”
Observation 2: If one CSI report configuration is used to evaluate multiple spatial (muting) patterns, then this CSI report configuration would need to contain or be associated with multiple configurations for different spatial (muting) patterns. To achieve this, the following options seem viable:
· Option 1: Single CSI-RS resource is used for the evaluation of multiple spatial (muting) patterns.
· Option 2: One CSI-RS resource or resource set is used for the evaluation of each pattern, i.e., one CSI-RS resource or resource set is associated with each pattern.
· Option 3: A combination of Option 1 and Option 2.
Proposal 4: Discuss how one CSI report configuration can be used to evaluate/measure multiple spatial (muting) patterns.
Proposal 5: Discuss which dedicated configurations/elements, which would constitute a ‘spatial configuration’, are required for representing a spatial (muting) pattern.
Observation 3: When the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp. narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel.
Proposal 6: Discuss the implications of different spatial patterns potentially having different channel characteristics in terms of frequency selectivity on the design of CSI report configuration, such as from sub-band configuration perspective.
Observation 4: Relying on the approach where the UE is (always) required to provide CSI report(s) corresponding to all or several of configured spatial patterns would result in large UL control overhead, especially when the number of spatial patterns is large.
Observation 5: It may not be necessary for the UE to provide CSI report corresponding to all candidate spatial patterns, and it could be sufficient to have UE reporting based on a selection of one or a couple of spatial patterns. This would then allow keeping the UL control overhead low.
Observation 6: For spatial pattern selection at the UE, there may be a need to differentiate between the case where the set of candidate patterns (the UE is selecting from) have same and the case where they have different number of (active) spatial/antenna elements.
Proposal 7: To minimize the CSI feedback overhead, discuss for the CSI report content whether this report would be based on a subset selection from multiple spatial patterns by the UE.
Proposal 8: Discuss whether there is a need to differentiate the CSI report content depending on whether the spatial patterns have same or different number of spatial/antenna elements. 
Observation 7: Evaluations/measurements of all (indicated) candidate spatial patterns increases the UE burden and power consumption.
Proposal 9: In the case where the UE is required to provide CSI report based on multiple (indicated) candidate spatial patterns, discuss how/whether the UE burden (due to evaluating multiple candidate spatial patterns) could be reduced.
Observation 8: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 10: Discuss how the CSI computation/derivation operation is impacted due to switching to a new spatial pattern.
Observation 9: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 11: Discuss whether the existing TCI state indication procedures should be enhanced when considering spatial pattern adaptation.
Proposal 12: Discuss how/whether spatial adaption impacts beam failure detection and beam recovery procedures.
Observation 10: Different spatial patterns may differ in at least one of the following spatial elements:
· subset/set of (active) antenna ports 
· subset/set of active (or muted) antenna elements or TxRUs for one or more antenna ports
Observation 11: When an antenna port is common between the previous spatial pattern and the new spatial pattern, the number of (active) antenna elements or TxRUs corresponding to this port may or may not change between the two patterns.
Proposal 13: Discuss signalling content of spatial adaptation, considering that different spatial patterns may differ in at least one of the following spatial elements: antenna ports, number of active (or muted) antenna elements or TxRUs for one or more antenna ports.
Observation 12: Repeatedly signaling the switch of spatial pattern introduces additional signalling overhead (and transient periods). Aiming at ways, to inform a UE(s) about spatial pattern change, that don’t result in large DL signalling overhead is important from overhead perspective, which would then result in more potential energy-saving opportunities for the network.
Proposal 14: Discuss signalling ways for spatial adaptation, considering the following options as a baseline:
· Option 1: Use semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration.
· Option 2: Use MAC CE to indicate the UE(s) a spatial pattern change/adaptation.
· Option 3: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) a spatial pattern change/adaptation.
· This option includes leveraging signaling for an existing operation(s) if possible.
Observation 13: The approach to adopt for spatial adaption and corresponding signalling should accommodate the presence of legacy UEs in the system.
Observation 14: For enabling dynamic TRP muting/unmuting (including for CA cases), similar approaches as for enabling legacy SCell deactivation/activation seem workable, i.e., approaches based on explicit indication and ‘activity-aware’ timer.
Proposal 15: If TRP adaptation is in the scope of Rel-18 WI, impact of such adaptation on UE measurement and reporting should be considered.
Proposal 16: If TRP adaptation is in the scope of Rel-18 WI, impact of such adaptation on the Rel-17 per-TRP beam failure and recovery operations should be considered.
Proposal 17: If TRP adaptation is in the scope of Rel-18 WI, consider how to identify/represent a TRP.
Observation 15: Information of applied power reduction or configured value of powercontrolOffset is not needed for demodulation of PDSCH.
Proposal 18: To enable efficient adaptation of power offset values between PDSCH and CSI-RS, RAN1 considers the following options:
· Enhancing CSI report with multiple CSI values (e.g. CQI, RI) associated with different hypothetical power offsets between PDSCH and CSI-RS;
· Introducing DCI/MAC CE signaling to indicate which of the configured power offset values between PDSCH and CSI-RS are to be used when creating a CSI report; 
· Enhancing CSI report with an indication of maximum power reduction that can be made while the UE still maintains rank / MCS.
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