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A new work item on network energy savings for NR was approved in RAN#98e [1]. The work item includes the following objectives:1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

1. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
1. 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
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

1. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

1. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

1. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

1. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


In this contribution, we present our views on the necessary enhancements on CSI and beam management related procedures to enable efficient adaptation of spatial elements in spatial domain and power adaptation in power domain. The impact on legacy UEs is also discussed.


Dynamic adaptation of spatial elements
Massive MIMO is a key element in the system to enable high data rate in 5G NR while in the meantime the TXRUs consume more than 65% of the total power consumption of the base station. When a cell is lightly, or medium loaded it can switch off some spatial elements/TxRUs to achieve network energy saving.
The techniques to adapt dynamically in both spatial element domain and power domain are basically to explore network energy saving opportunities when traffic load, channel condition and UE location change.  To assist gNB dynamically adapting to an optimal spatial element configuration or an optimal downlink power level, UEs will need to provide CSI reports for various configurations. With current specification, CSI-RS/CSI report is configured using RRC configuration. Considering the semi-statical nature of RRC messages, existing RRC configurations would not meet the dynamic nature of the adaptation. Furthermore, extensive simulations studies [2] shown the power saving gains when dynamic adaptation at the TTI level is implemented. 
Observation 1: Signaling to support efficient adaptation of spatial elements at the TTI level, in addition to the existing RRC configurations, would be needed for network energy savings. 
Depending on the implementation of the gNB MIMO/beam forming operations, some spatial elements/TxRUs would be turned off. This may have some impact on the uplink considerations as well. Questions such as whether uplink RX chain can be independent to the downlink spatial adaptation, impact on the uplink TRS reception, RS for uplink power control etc. Therefore, we consider in this WI the scenario in which any power savings techniques or adaptations applied in the DL is independent and has no impact on the gNB uplink reception and operations.
Observation 2: Uplink reception and operations are assumed to be separate and not impacted by any downlink power adaptation techniques in the downlink.    

Depending on how MIMO is interconnected, the virtual port mapping of spatial elements adaptation can be of the following two types:  
Type I: spatial element adaptation leads to the change of the number of CSI-RS ports. Reconfiguration of CSI-RS through RRC is necessary to get updated periodic and semi-persistent CSI reports. RRC configuration which is done in semi-static way may not keep up with dynamic adaptation of TxRUs. Therefore, enhancement is needed to dynamically notify UE the change of CSI-RS configuration in an efficient way. It may be necessary to notify all or group of UEs in the cell and group-UEs DCI signaling can be used for this purpose.
Type II: spatial element adaptation does not lead to the change of the number of CSI-RS ports. However, due to the change of TxRUs the RF channel characteristics changes so UEs will need to report CSI to facilitate spatial element adaptation. MAC CE or DCI can be used to notify UEs and/or trigger UE to report. 
Observation 3: The actual number of TxRUs that is associated with a specific CSI-RS configurations is a network implementation decision that is transparent to the specifications. For example, whether each transceiver is associated with a sub-array with 4 elements, or 16 elements and how many TxRUs each CSI RS port is associated with. 

A configured CSI-RS may correspond to up to 32 antenna ports, each corresponding to a channel to be sounded such as for beamforming support and can be configured to be either beam-specific or UE specific. A UE device can be configured with one or several CSI-RS resource sets, officially referred to as NZP-CSI-RS-ResourceSets. Each such resource set includes references to one or several configured CSI-RS which is used as part of report configurations describing measurements and corresponding reporting to be done by the UE.
The UE can be configured with a set of NZP-CSI-RS resources out of which it may be asked to report a subset. The identification of such NZP-CSI-RS is done by a CSI-RS RI (CRI). When a UE is configured with more than one nonzero-power CSI-RSs, it can report a set of N UE-selected CSI-RS resource-related indices e.g., N best CSI-RS resources. Current specifications support a fixed number of antenna ports that corresponds to a configured CSI-RS resource set. With Type I, denoted above, leading to a change in the number of CSI-RS ports, new signaling to support dynamic CSI-RS configurations and triggering of CSI reports may be required. 
Observation 4: When spatial domain adaptation that require dynamic adaptation on the number of the CSI-RS antenna ports configured, a new signaling to support dynamic CSI-RS configurations and triggering of CSI reports may be required.
It should be noted that when the number of TxRUs changes, it could also impact the reference signals such as SSB and CRI-RS. For example, reducing spatial element effectively reduces RF power for SSB and CSI-RS and correspondingly the beam management, RRM, RLM and cell coverage. It may cause beam failure and it may trigger cell reselection etc. Hence it would be desirable if SSB/CSI-RS power is not affected, or at least to reduce the effect to the minimum. One way to achieve this is to boost SSB/CSI-RS signal power with the active TxRUs if the number of TxRUs is reduced, for example.
Observation 5: It should be left to network implementations to ensure that the coverage of SSB is not negatively impacted.

Note that spatial element adaptation can be done using the existing BWP switching framework for those UEs that support multiple BWPs. For example, one BWP can be configured to 8 CSI-RS ports and another BWP to 32 CSI-RS ports. Hence, the gNB can use BWP adaptation framework to switch back and forth for these capable UEs depending on traffic conditions.
Legacy UE coverage may or may be affected depending on network implementation after adaptation. gNB will need to notify legacy UEs to have CSI measurement and CSI report after spatial element adaptation. After spatial element adaptation, the CSI-RS has an additional option to adjust the power compared to SSB. SSB is for coverage while CSI-RS is more UE specific though it can also be shared by a group of UEs when feasible. When UE’s location in the cell is close to gNB it generally needs less power for its UE specific channel/signals. Therefore, the power control parameter powercontroloffsetSS can be adjusted. That creates extra room for CSI-RS power adjustment when some TxRUs are muted. For example, powercontroloffsetSS is 0 dB before spatial element adaptation, after number of TxRUs is reduced by half, gNB keeps SSB power by boost SSB power with active TxRUs. gNB can increase powercontroloffsetSS by 3 dB to keep total CSI-RS power intact.
Observation 6: It should be left to network implementations whether CSI-RS signal power is impacted or not after spatial adaptation.

To optimize spatial element adaptation gNB will need UEs to provide CSI reports for different spatial element configurations to select the best choice. Considering the dynamic nature and the number of spatial configurations possible, there will be a lot signaling and CSI reports. Hence to support dynamically adapting spatial elements efficiently it is desirable to have multiple CSI-RS resources that correspond to different spatial element configurations link in one CSI report and UE can choose to provide a report that corresponds to the top N best resources. This flexibility could give gNBs more freedom in adaptation spatial elements. To enhance this existing support, MAC CE or DCI could be defined to provide an efficient way to choose N value.  
Observation 7: As supported in current specifications, the UE can be configured with multiple CSI-RS resources with each CSI-RS corresponding to a specific beam formed using one or more sub-arrays. The UE provides CSI report for a subset of the CSI-RS resources indicated by CRI.
Proposal 1: Multiple CSI-RS resources, each corresponding to a spatial element configuration, could be specified in one CSI-RS resource set. It is supported that UE feedbacks the report that covers the N best spatial element configurations. MAC CE or DCI could be defined to signal the N value.  

In some scenarios, the gNB may be interested in getting a report for a particular spatial element configuration. This can be realized with current specification by configuring a new ReportConfig. But if the corresponding CSI-RS resource is part of a CSI-RS resource set that is already linked to a ReportConfig then the following proposal would provide an efficient way to achieve this. 
Proposal 2: Multiple CSI-RS resources, each corresponding to a spatial element configuration, could be specified in one CSI-RS resource set. MAC CE or DCI could be used to signal the UE which CSI-RS resource is used for CSI measurement and report.

When the gNB adapts its spatial elements, the cell may only have a few UEs. Whether gNB needs to get a report from each UE to make spatial element adaptation is by implementation. Once gNB selects a particular spatial element setting it should notify all UEs in the cell using Group-UEs DCI. 
Observation 8: With dynamic gNB’s spatial element adaptation in the downlink, potential increased in the UEs CSI measurements and reporting overhead would need to be considered. 
Observation 9: Group-UEs DCI, in addition to existing RRC signaling, should be supported to minimize the signaling overhead in the downlink.  

Adaptation of transmission power 
RF Power Amplifier (PA) power consumption represents about 65% of total power consumption of a base station [3]. It is even more evident nowadays with the increasing number of transmitters and receivers, such as the 64T64R system. One way to save energy is to increase PA’s efficiency. There are many techniques in this area, adopting new high efficiency device technology such as GaN; or using advanced RF PA architectures such as Doherty and Outphasing; or using advanced digital signal processing techniques such as crest factor (or PAPR) reduction and digital predistortion (DPD). 
All these techniques are gNB’s implementation specific and can be transparent to UE. Another way to achieve energy saving is to adapt the RF power usage based on users’ need and channel condition. Usually, gNB’s RF transmission is set at full power to ensure the coverage and best UE receive performance. However, when the channel condition changes, for example when UE moves closer to gNB it becomes necessary to reduce the downlink transmission power to save energy while still maintaining UE experience i.e., D-1 technique [2] where the gNB dynamically adapts the downlink transmission power.
Adapting downlink transmission power could include SSB, CSI-RS and PDSCH. However, adapting power for SSB and CSI-RS will have impact on cell coverage, beam management, and CSI/RRM measurement. The network energy saving gain is relatively small considering the impacts on existing procedure, so it is better not to adapt downlink power for SSB and CSI-RS.
Proposal 3: Dynamic power adaptation should not be supported for SSB.
Proposal 4: Dynamic power adaptation should not be supported for CSI-RS.

According to current specifications, the SSB reference power, ss-PBCH-BlockPower is signaled in SIB1. The powerControlOffsetSS that is the power offset between (NZP)CSI-RS and SSB, and the powerControlOffset that is the power offset between PDSCH and (NZP) CSI-RS, are semi-statically configured via RRC.
Current specifications allow the gNB to adapt the PDSCH transmission power. To assist the gNB to select an optimal power level multiple CSI reports are needed, one CSI report is for each of the possible powerControlOffset values. Since powerControlOffset is configured with RRC hence multiple RRC configurations are needed to generate multiple CSI reports. It is inefficient in terms of resources and time. An enhancement is necessary to support the feature of dynamically adapting PDSCH power.
On the other hand, UE receives the CSI-RS and calculates CSI based on the RRC configured powerControlOffset. The issue is that if gNB is dynamically adjusting PDSCH power but the powerControlOffset is semi-statically configured there is a mismatch, resulting in inaccurate CSI report. The gNB may still be able to perform some compensation when receiving CSI report but difference is unavoidable. 
It is clear to support gNB to adapt PDSCH power to an optimal level multiple CSI-RS reports corresponding to different powerControlOffset are needed and the gNB needs to inform UE promptly so UE can use the right powerControlOffset value to measure and calculate CSI information. Note that the proposed enhancements should not have any impact on the legacy UEs as RRC configuration and MAC-CE/DCI are all UE specific. 
Proposal 5: A method to dynamically notify the UE of the powerControlOffset values to use in CSI reporting should be supported. 

[bookmark: _Ref129681832]Conclusion
The contribution examined techniques to enable efficient adaptation of spatial elements in spatial domain and power adaptation in power domain in network energy savings, made the following observations and proposals to CSI-RS enhancement to support these techniques.

Observation 1: Signaling to support efficient adaptation of spatial elements at the TTI level, in addition to the existing RRC configurations, would be needed for network energy savings. 
Observation 2: Uplink reception and operations are assumed to be separate and not impacted by any downlink power adaptation techniques in the downlink.    
Observation 3: The actual number of TxRUs that is associated with a specific CSI-RS configurations is a network implementation decision that is transparent to the specifications. For example, whether each transceiver is associated with a sub-array with 4 elements, or 16 elements and how many TxRUs each CSI RS port is associated with. 
Observation 4: When spatial domain adaptation that require dynamic adaptation on the number of the CSI-RS antenna ports configured, a new signaling to support dynamic CSI-RS configurations and triggering of CSI reports may be required.
Observation 5: It should be left to network implementations to ensure that the coverage of SSB is not negatively impacted.
Observation 6: It should be left to network implementations whether CSI-RS signal power is impacted or not after spatial adaptation.
Observation 7: As supported in current specifications, the UE can be configured with multiple CSI-RS resources with each CSI-RS corresponding to a specific beam formed using one or more sub-arrays. The UE provides CSI report for a subset of the CSI-RS resources indicated by CRI.
Observation 8: With dynamic gNB’s spatial element adaptation in the downlink, potential increased in the UEs CSI measurements and reporting overhead would need to be considered. 
Observation 9: Group-UEs DCI, in addition to existing RRC signaling, should be supported to minimize the signaling overhead in the downlink.  

Proposal 1: Multiple CSI-RS resources, each corresponding to a spatial element configuration, could be specified in one CSI-RS resource set. It is supported that UE feedbacks the report that covers the N best spatial element configurations. MAC CE or DCI could be defined to signal the N value.  
Proposal 2: Multiple CSI-RS resources, each corresponding to a spatial element configuration, could be specified in one CSI-RS resource set. MAC CE or DCI could be used to signal the UE which CSI-RS resource is used for CSI measurement and report.
Proposal 3: Dynamic power adaptation should not be supported for SSB.
Proposal 4: Dynamic power adaptation should not be supported for CSI-RS.
Proposal 5: A method to dynamically notify the UE of the powerControlOffset values to use in CSI reporting should be supported. 
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