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1 Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]The study item on network energy saving was approved in RAN#94e and revised during RAN#95e [1]. As one of the objectives, network energy savings techniques were included as below:
3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded
In RAN1#109-e meeting, network energy savings techniques were discussed and the related agreements [2] are given in the appendix. In this contribution, network energy savings techniques are further discussed.
2 Network states for energy saving
For network energy saving, a gNB can go to sleep when there is no traffic in the network. This scheme can be achieved by gNB’s implementation, however, a UE may still receive DL channels and transmit UL channels if the UE doesn’t know the gNB is sleeping. For DL, there will be power waste for the UE due to the attempts to detect the un-transmitted channels, e.g., SSB, PDCCH, SPS PDSCH. For UL, since the gNB may not always know whether the UE will transmit any UL signal, e.g., PRACH, SR, CG PUSCH, the gNB may miss these signals when it is sleeping and the UL transmission performance will degrade. On the other hand, if the gNB would like to ensure the reliability of UL transmissions, it cannot fully go to sleep if there is any UL transmission occasion. For the possible multiple UL transmission occasions, the gNB may need to perform blind detection even if there is no UL transmission and therefore result in power waste for the gNB. 
In RAN1#109-e meeting, it was agreed to further study semi-static and/or dynamic cell ON/OFF in one or more granularity for increasing time domain energy saving opportunities by the gNB, as well as mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities. Cell OFF can be taken as one of the network energy saving state, if a cell is turned off, a UE could assume there is no signal/channel transmission/reception on this cell.
Based on above discussion, it’s beneficial to introduce the concept of network state for the study, and in our understanding, at least three network states need to be investigated, and there could be further refinement during the progress of the study:  
· Non-energy-saving state (normal state/cell ON): the gNB operates in a legacy way and no network energy saving technic is used, and this state can be the baseline for evaluating the energy saving gain. 
· Energy-saving state 1 (cell OFF mode 1): the gNB doesn’t transmit/receive any signal/channel, and this state is similar to the mechanism of DRX if analogue to a UE’s reception for PDCCH. 
· Energy-saving state 2 (cell OFF mode 2): the gNB only transmits/receives a particular set of signal/channel and/or gNB applies bandwidth/PSD/TXRU adaptation for channel transmission/reception. For example, the particular set of signal/channel can be with high priority and prioritized in energy-saving state, such as URLLC traffic. In this state, a UE may only need to receive/transmit the particular set of signal/channel. gNB can use a reduced bandwidth/PSD/TXRU to transmit/receive channels during this state.
The UE behavior under each of the network state should also be investigated. For example, if a UE is aware of the network state as an energy-saving state/cell OFF, for DL, the UE can avoid detection of un-transmitted DL channels and can thus help reduce its power consumption; and for UL, the UE can transmit UL channels when the gNB is not in energy-saving state to help reduce network energy consumption. 
Proposal 1:
· Support at least the following three network states for the study of network energy saving:
· Non-energy-saving state: the gNB operates in a legacy way and no network energy saving technic is used;
· Energy-saving state 1: the gNB doesn’t transmit/receive any signal/channel;
· Energy-saving state 2: the gNB only transmits/receives a particular set of signal/channel and/or gNB applies bandwidth/PSD/TXRU adaptation for channel transmission/reception;
· The study shall further investigate the UE behavior in each of the network states.
3 Network energy saving techniques in time domain
3.1 Network states transition in time domain
A gNB may not always maintain the same network state due to the traffic change. This motivates to support transition between network states in time domain. Moreover, the gNB may serve different traffic types for a same UE or different UEs in a cell. For periodic traffic, semi-static switching of network states can be a good choice, wherein the slot format configuration can be considered as a reference for designing semi-static switching of network states. An illustration of the examples for semi-static switching of network states is given in Figure 1, wherein “State 1” and “State 2” are both network states, either non-energy-saving state (normal state) or energy-saving state, and “Flexible State” can be referring a network state with similar functionality as flexible slot in the slot format configuration.


[bookmark: _Ref101439428]Figure 1 Illustration of semi-static switching of network states.
For aperiodic traffic, semi-static switching may not be applicable well, and hence dynamic switching of network states should also be studied. Dynamic switching can provide more flexible states transition and can achieve larger network energy saving gain for random traffic. Joint operation of semi-static switching and dynamic switching can also be studied, including their relationship when both of them are supported. Still taking Figure 1 for an example, a dynamic indication of network state transition can indicate switching from State 1 to State 2 or switching from State 2 to State 1. 
To support the semi-static switching and/or dynamic switching, one simple solution could be reusing the method of semi-static slot configuration and/or dynamic slot format indication to configure/indicate the network energy saving states. Alternatively, another solution could be reinterpreting semi-static slot configuration and/or dynamic slot format indication. For example, for DL, DL symbols can be considered as cell ON, UL and/or flexible symbols can be considered as cell OFF. For UL, UL symbols can be considered as cell ON, DL and/or flexible symbols can be considered as cell OFF.
For an FDD cell, semi-static switching and dynamic switching for network states transition should apply to single cell case as a baseline and can be extended to multiple cells. For a TDD cell, the network states transition (cell ON/OFF) switching applies either jointly or separately to DL and UL. Separate network states transition for DL and UL can provide better flexibility while joint network states transition for DL and UL is simpler for specification.
Proposal 2: Support semi-static switching and dynamic switching for network states transition (cell ON/OFF) of a serving cell at least for single cell case.
· Further study whether/how to reuse/reinterpret semi-static slot configuration and/or dynamic slot format indication.
· Further study network states transition (cell ON/OFF) switching applies jointly or separately to DL and UL, for a TDD band.
3.2 Adaptation on periodic/semi-persistent receptions/transmissions
NR system supports periodic/semi-persistent (p/sp) physical layer resources in both UL and DL. The p/sp physical layer resources are essential for supporting link quality or mobility maintenance between gNB and UE. In the DL, a UE can be configured with periodic SSBs or p/sp CSI-RS resources for channel measurement or RRM measurement. In the UL, NR supports p/sp SRS resources for channel sounding. Moreover, the UE can be provided with p/sp physical layer resources, e.g. PUCCH for p/sp CSI report, and/or SR. 
To avoid always-on signal/channel, current NR system supports adaptation on the p/sp physical layer resources triggered by higher layers. One legacy method to do the adaptation is reconfiguration of the p/sp physical layer resources via RRC signaling. Another legacy method for adaptation on the p/sp physical layer resources is (de)activation/release via MAC CE. For RRC signaling based reconfiguration, the signaling overhead can be large. Thus, the energy consumed by a gNB corresponding to the signaling overhead could be high, considering the large information exchanges not only in Layer 1. Furthermore, the legacy adaptation based on RRC or MAC CE is triggered per UE. It takes long time for gNB to provide a common adaptation to all UEs or large group of UEs for NW energy saving purpose via UE-specific signaling. 
Observation 1: Current NR system requires large signaling overhead to adapt time domain resources for p/sp physical layer resources via RRC reconfiguration or semi-static (de)activation per UE.
To reduce the NW energy consumption for adaptation on p/sp physical layer resources, it’ beneficial to study cell-specific or UE group specific adaptation for the p/sp physical layer resources in both DL and UL. For example, the gNB may want to extend the periodicity for non-serving cell SSBs or all p/sp CSI-RS resources transmissions in DL in order to reduce energy consumption for background activities. So, one adaptation aspect to consider can be time domain configuration, such as periodicity. For another example, a group of p/sp CSI-RS resources can be configured to be measured by a group of UEs, and the gNB may want to deactivate the group of p/sp CSI-RS resources when the preferred beams from the group of UEs changes. Instead of deactivating each of the group of CSI-RS resources to each UE, it’s better to multicast a UE group specific deactivation indication for NW energy saving purpose. Thus, another adaptation aspect to consider can be the availability information for the p/sp physical layer resources. 
Proposal 3: Study cell-specific/UE group common dynamic adaptation on periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
In addition, network energy saving solutions for specific signal/channel could also be considered. In RAN1#109e meeting, it was agreed to study potential methods of reducing/adapting transmission/reception of common channels/signals, e.g., SSB, SIB1, other SI, paging, PRACH.
Currently, SSB is always transmitted with a configured periodicity from 5ms to 160ms. For the maximum periodicity of 160ms, network energy consumption due to SSB transmission is still existing. Reducing SSB transmission has a benefit for network energy saving. For example, a SSB periodicity larger than 160ms can be considered, e.g., 320ms, or 640ms. 
[bookmark: OLE_LINK5]Proposal 4: Study introducing SSB periodicity larger than 160ms.
[bookmark: OLE_LINK23]For network energy saving, the applicable scenario should be aiming for both single cell and multiple cells. For multiple cells case, several techniques for network energy saving have already been supported. For example, energy saving activation/deactivation for capacity cell [3], Scell activation/deactivation and dynamic indication of Scell dormancy. Techniques for Pcell energy saving can be taken as high priority since Pcell is for coverage and the transmitting power could be large for macro cells. If SSB transmission reduction can be applied for Pcell or single cell case, energy saving gain could be remarkable. For example, SSB can be transmitted with a larger periodicity or some SSB transmissions can be muted during gNB OFF state. Assuming SSB transmission pattern can be known by RRC idle/inactive UEs and initial access UEs, the potential impact on initial access and mobility measurement needs to be discussed. Besides reducing some SSB burst sets, reducing some SSBs within a SSB burst set can also achieve network energy saving gain. The RO associated with the muted SSB index can be muted as well, assuming same principle of RO-SSB association from legacy NR. If network indicates the SSB muting pattern within SSB burst set to a UE, the beam measurement on the muted SSB can be skipped, and transmitting PRACH on muted ROs can be avoided.
Proposal 5: Further study SSB transmission reduction for Pcell or single cell case.

Furthermore, in RAN1#109e meeting, it was agreed to study potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
For DL scheduling, RRC can configure whether to receive a PDCCH and/or SPS PDSCH during energy saving state (cell OFF) depends on the QoS of the traffic. For example, for eMBB traffic, the latency may not be an issue and thus there is no need to receive the related PDCCH and/or SPS PDSCH during energy saving state (cell OFF), however, for URLLC traffic, latency is sensitive, UE always needs to monitor/receive the related PDCCH and/or SPS PDSCH. In this case, if there is URLLC traffic arriving at the gNB, the gNB needs to wake up to transmit a scheduling PDCCH or SPS PDSCH.
Proposal 6: For DL reception adaptation in the energy saving state (cell OFF),
· RRC configures whether to monitor the PDCCH in a search space;
· RRC configures whether to receive the SPS PDSCH per SPS configuration.

For UL scheduling, similar as DL scheduling, RRC can configure whether to transmit a SR/CG PUSCH during energy saving state (cell OFF). In this way, the number of gNB blind detections can be reduced to decrease energy consumption. A more aggressive way for network energy saving is not allowing UE transmitting SR/CG PUSCH during energy saving state (cell OFF), if traffic arrives at UE, UE can first transmit a gNB wake up request to trigger the gNB to wake up, then UE can transmit SR/CG PUSCH after switching to the normal state (cell ON).

Proposal 7: For SR/CG PUSCH transmission adaptation for NWES during the energy saving state (cell OFF), study the following options:
· Option 1) RRC configures whether to transmit the SR/CG PUSCH per configuration;
· Option 2) UE does not transmit SR/CG PUSCH.
3.3 UE-group specific dynamic adaptation on C-DRX 
C-DRX is a legacy mechanism to reduce the power consumption for connected mode UE, adopted in both LTE and NR. For a UE configured with C-DRX, the UE is configured with a ON duration within a C-DRX cycle. In practice, the gNB usually configure the same C-DRX cycle among UEs, and multiple ON durations to distributed UEs in time domain. From the gNB perspective, C-DRX can also achieve NW energy saving purpose if the gNB can always align the OFF periods for all UEs in a same location. However, such scenario may not always happen in practical implementation. 
In R16, a WUS was introduced to dynamically wake up UE for next ON duration. As illustrated in Figure 2, some ON durations can be cancelled by R16 WUS due to no traffic for the associated UEs, e.g., onDuration#2 and onDuration#4 are cancelled. In this scenario, the gNB may need to wake up multiple times for the noncontiguous ON durations, e.g., onDuration#1 and onDuration#3, which introduces additional transition energy to switch between ON and OFF on the gNB side. 


[bookmark: _Ref101439599]Figure 2 Illustration of legacy C-DRX operation. 
Observation 2: Legacy C-DRX results in large transition energy when gNB wakes up multiples times to process noncontiguous ON durations.
Moreover, C-DRX is configured per UE based on RRC signaling. For the configuration of C-DRX, there is a tradeoff between NW energy savings and UE performance, such as scheduling delay. For example, a large C-DRX cycle is preferred for NW energy savings, but it will increase latency. For NW energy saving purpose, it’s beneficial to provide the gNB the flexibility to dynamically adapt the C-DRX configuration, e.g. C-DRX cycle, onDurationTimer, and inAcitivityTimer, per group of UEs. 
Observation 3: There is a tradeoff between NW energy savings and UE performance for C-DRX configuration. Current NR system requires large signaling overhead to adapt C-DRX configuration via RRC signaling per UE.
Based on above discussion, it’s beneficial to study dynamic adaptation on C-DRX per group of UEs or per cell for NW energy savings. One adaptation aspect to consider is dynamic start of DRX ON duration, such that the gNB may not need to have unnecessary transition duration within the C-DRX cycle and the ON durations for multiple UEs can be consecutive. Another adaptation aspect to consider can be the C-DRX configuration, e.g., C-DRX cycle, and onDuration. 
Proposal 8: Study at least the following aspects of UG-specific dynamic adaptation of C-DRX for NW energy saving:
· Align or concatenate the ON durations from the gNB perspective;
· Save signaling overhead.
4 Network energy saving techniques in frequency domain and power domain
4.1 Dedicated BWP for network energy saving
In the energy saving state, a gNB can configure a dedicated BWP and perform transmission/reception, e.g., for a particular set of signal/channel, over the dedicated BWP for network energy saving. By doing so, the gNB can allocate all the serving UEs into the same dedicated BWP, e.g., in a dynamic or semi-static way, which can effectively reduce the operating bandwidth and save the gNB’s power consumption. 
Proposal 9: Support a dedicated BWP for gNB’s transmission/reception in the energy saving state.
4.2 BWP switching enhancements
BWP switching enhancements were discussed in RAN1#109e for network energy saving. It was agreed to study enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH. For network energy saving, gNB can operate with a narrow bandwidth when traffic is light, if there is a large packet arriving, gNB can use a larger bandwidth to transmit/receive the data. From UE’s perspective, BWP switching can apply accordingly. However, a consequence for BWP switching is that gNB needs to reactivate the configured SPS/Type-2 CG PUSCH after switching to the BWP. For example, the active BWP for a UE is the network energy saving BWP #1, a large packet arrives at gNB and the UE is indicated to switch to BWP#2 to receive a large TB in a PDSCH, after the PDSCH reception, UE switches back to BWP#1. If there is SPS configured in BWP#1, gNB needs to reactivate the SPS configuration. This reactivating DCI can be omitted similar as Type-1 CG PUSCH transmission for energy saving. 
Proposal 10: Support SPS PDSCH reception/Type-2 CG PUSCH transmission without reactivation after BWP switching.
4.3 Combination of frequency and power domain adaptation
gNB transmission bandwidth and power spectral density can be jointly adapted. The following configurations can be possible:
· Configuration A (PSD reduction + keeping bandwidth): transmission bandwidth, BWA, and power spectral density, PSDA
· Configuration B (Keeping PSD + bandwidth reduction): transmission bandwidth, BWB, (BWB < BWA) and power spectral density, PSDB (PSDA < PSDB)


Figure 3 Joint adaptation of gNB transmission bandwidth and power spectral density.
Both configurations A and B can show gNB energy saving gains. For a given data rate (low to medium), configuration B would maintain coverage with reduced energy consumption. Configuration A would provide larger capacity over Configuration B while it may suffer from reduced coverage due to reduced PSD. In terms of signalling perspective, the adaptation can be either cell-specific or UE group specific. There would be valid ranges for PSD and bandwidth in order to maintain minimum performance requirement. 
Observation 4: For a given data rate (low to medium), a combination of power and frequency domain adaptation would provide a balance between energy saving and system performance.
Proposal 11: Support joint adaptation of gNB transmission bandwidth and power spectral density.
4.4 Cell switching on/off for multiple cells
A gNB can switch on/off one or multiple cells in the case of serving multiple cells and carrier aggregation (CA) as illustrated in Figure 4. As described in Figure 4, the macro & micro cells deployments (left), which consists of same frequency or different frequency, can be taken into account for cell switching on/off. Also, the macro cells overlaid with different frequency can be considered as a scenario for switching on/off cell.


Figure 4 cell switching off for macro & micro cells deployment (left) and macro cells deployment (right).
To switch off a cell, gNB should indicate semi-statically for UEs, which configured cell as PCell, to conduct handover. For more efficient UE handover, the gNB can support cell-specific/UG-specific signaling to indicate the handover information. Furthermore, for CA operation, SCell switching on/off also can be indicated by MAC signaling. It was operated as UE specific, so MAC signaling based SCell switching off results in the large signaling overhead. To resolve the signaling overhead, cell-specific/UG-specific signaling also can be studied to switch off the cell.
Proposal 12: Support a cell-specific/UG-specific signaling for cell switching on/off in the energy-saving.
4.5 SSB-less SCell
So far, the following three scenarios can be supported for multi-carrier operation: 
· Scenario 1: For each of the carriers, a separate cell-defining SSB is implemented, then a UE can choose any of the carrier as PCell to perform initial cell search, and the gNB can configure the other carrier as a SCell for the UE.
· Scenario 2: One cell-defining SSB is implemented on one of the carriers, and non-cell-defining SSB is implemented on the rest of carriers, then a UE can choose the carrier with cell-defining SSB as PCell to perform initial cell search, and the gNB can configure the other carrier as a SCell for the UE.
· Scenario 3: One cell-defining SSB is implemented on one of the carriers, and no SSB is implemented on the rest of carriers, then a UE can choose the carrier with cell-defining SSB as PCell to perform initial cell search, and the gNB can configure the other carrier as a SCell for the UE. This scenario only applies for intra-band CA, wherein the timing and QCL assumption of the SCell can reply on the SSB of the PCell.
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Scenario 3
Figure 5 SSB transmission in multi-carrier operation.
In order to support Scenario 3, RAN4 specified detailed requirements on the carriers for intra-band CA: 
· Contiguous carriers (e.g., requirement on the frequency distance);
· RTD difference;
· Reception power difference;
· RS on the SCell is QCLed with SSB/RS on the PCell.
For Rel-18 network energy saving, similar investigation needs to be performed by RAN4 first to support inter-band CA, before RAN1 starts to investigate potential solution to support inter-band CA, and more precisely, we have the following proposal. 
Proposal 13: For supporting inter-band CA, RAN1 shall ask RAN4 to investigate at least the following requirements on the carriers to perform CA operation:
· Synchronization requirement between carriers;
· Frequency distance requirement between carriers;
· Reception power difference between carriers;
· QCL assumption requirement across carriers.
5 Network energy saving techniques in spatial domain 
Network energy saving could be achieved by focussing RF energy in spatial directions as per user distribution. In the spatial domain, large scale channel properties are governed by beams, while small scale parameters vary as per the antenna ports. Antenna ports can be associated with CSI-RS resources, i.e. UE identifies antenna ports by CSI-RS resource measurements and feeds back the CSI information to the gNB. Mapping of antenna port or CSI-RS port to TxRU (transmitter unit) and TxP (transmit panel) are generally kept transparent to the specs. However, this mapping can become relevant for the purposes of efficient beamforming and realizing network energy savings.
CSI-RS port for beam management is an important element for the purpose of realizing NW energy savings. CSI reference signal received power (CSI-RSRP) is power contribution of the resource elements of antenna port(s) that carry CSI reference signal configured for RSRP measurements within certain frequency bandwidth in the configured CSI-RS occasions. For CSI-RSRP determination CSI reference signals transmitted on antenna port are considered.
A few spatial domain techniques are outlined as following:
5.1 CSI-RS port adaptation
Based on the UE distribution or UE traffic requirements, CSI-RS (BM) can be considered for enhancements with respect to port muting, power adaptation and beam adaptation. CSI-RS (BM) port muting will avoid measurements by the UEs on muted port, thereby contributing to UE energy savings too. In case there are no UEs in the beam area or UEs with low traffic load, then NW energy gains can be accrued via port muting, power adaptation and beam adaptation without incurring any negative impact on the UE RSRP measurements. However, it is important that the UE should be informed about the muted, power adaptation or beam adaptation of CSI-RS (BM) ports, to avoid unnecessary power measurements or triggering unnecessary measurement procedures for efficient beam measurements. 
The following approaches could be adopted to keep the UE updated with port adaptation information.
UE autonomous port adaptation
UE identifies CSI-RS (BM) ports which are muted and modifies CSI-RS configuration without any intervention from network. While it offers minimal signaling overheads, it leaves the CSI-RS (BM) report reconfiguration in the hands of UE at the same time and different UEs could opt for different CSI-RS configurations.
NW triggered port adaptation
NW could mute the CSI-RS (BM) ports and indicate the new CSI-RS configuration to the UEs. This mechanism ensures uniformity of muted port(s) across the UEs. Though such a mechanism would result in relatively better performance gain compared to the UE autonomous identification, it will be associated with a signaling overhead.
In another way, NW could perform power adaptation on the CSI-RS (BM) ports and indicate the new CSI-RS configuration to the UEs. NW could apply power adaptation across CSI-RS (BM) ports (non-)uniformly with power scaling factors and the same should be indicated to the corresponding UEs. This mechanism ensures adaptation of power on CSI-RS (BM) ports (non-)uniformly across the UEs. 
Further, NW could perform beam adaptation on the subset of CSI-RS(BM) ports and muting on subset CSI-RS(BM) ports. NW could apply beam adaptation across CSI-RS (BM) ports (non-)uniformly with different beam width scaling factors with muting on subset of CSI-RS (BM) ports; and the same should be indicated to the corresponding UEs.
NW triggered port adaptation with UE feedback
NW could identify CSI-RS (BM) ports, which are candidate for muting and the same are indicated to the UEs. UEs could also indicate their preference on muting of CSI-RS (BM) ports as confirmation. After receiving confirmation from UEs, NW could mute CSI-RS (BM) ports, as agreed among UEs and gNB.
In terms of power adaptation, NW could identify CSI-RS (BM) ports which are candidate for power adaptation and the list is indicated to the UEs. UEs will indicate their preference on power adaptation of CSI-RS (BM) ports (with appropriate scaling factor) after receiving confirmation from UEs. NW could apply power adaptation on CSI-RS (BM) ports, with scaling factor as agreed among UEs and gNB.
In addition, NW could identify CSI-RS(BM) ports, which are candidate for beam adaptation and muting and indicate the list to the UEs. UEs will indicate their preference on beam adaptation of CSI-RS(BM) ports with scaling factor; after receiving confirmation from UEs, NW could apply beam adaptation on subset of CSI-RS(BM) ports with scaling factor, while muting on other CSI-RS subset ports as agreed among UEs and gNB. 
It is equally important to have a recovery procedure in place for recovering the muted ports, after the NW energy-saving operations are completed:
Recovery procedure
UEs will autonomously find ports to be unmuted by virtue of its measurement operations. While such a mechanism would incur a performance loss, it has some merit in terms of signaling reduction. NW should have a mechanism in place to identify the ports that can be unmuted based on the UE assistance information or received measurements reports. The said mechanism should ensure incremental and on-demand unmuting of ports in response to provided UE assistance information for efficient NW energy saving operation.
In case of power adaptation, NW indicates to the UEs on CSI-RS (BM) port power re-configuration. NW should have a mechanism in place to identify the ports that can be power adapted based on the UE assistance information or received measurement reports. Said mechanism should ensure incremental and on-demand power adaptation with per-port scaling factor as per assistance information for efficient NW energy saving operation.
As for beam adaptation, NW indicates to UEs on CSI-RS (BM) beam adaptation. It should have a mechanism in place to identify the ports that can be beam adapted based on the UE assistance information or received measurements report. Said mechanism should ensure incremental and on demand beam adaptation with scaling factor on subset of CSI-RS (BM) ports and unmuting of ports as per assistance information for efficient NW energy saving operation.
Proposal 14: Study mechanisms to dynamically mute CSI-RS (BM) ports for NW energy savings.
Proposal 15: Study mechanisms of power adaptation on CSI-RS (BM) ports for NW energy savings.
Proposal 16: Study mechanisms of beam adaptation on CSI-RS (BM) ports for NW energy savings.
6 gNB wake up request and UE assistance information
6.1 gNB wake up request 
If a gNB is in energy saving state (cell OFF), the UE may not be able to transmit periodic/semi-persistent UL channels. For UL latency sensitive traffic, the latency requirements may not be satisfied if the energy saving state is not properly configured/indicated. For example, the UE may wait a long time to transmit an SR or CG PUSCH after switching to the normal state (cell ON). To reduce the UL latency, a gNB wake up request can be used as an UL indication of network energy saving states transition. For example, if there arrives latency sensitive or high priority traffic at the UE, the UE can transmit a gNB wake up request to wake up the gNB or indicate subsequent UL transmissions. The gNB only needs to detect the wake up request during the energy saving state, and once the gNB detects the wake up request , the gNB will switch to the normal state to receive other UL transmission. 
For multiple cells, if any of UL cell is ON, UE does not need to transmit the gNB wake up request. Instead, UE can report buffer status through BSR report. For time domain network energy saving, a typical case is that gNB first turns off all the SCells before turning off the PCell and UE can only transmit the gNB wake up request when the Pcell/PScell is turned off. After transmitting the gNB wake up request, UE can assume that gNB would wake up and then UE can transmit the semi-static configured UL channels, e.g., SR, CG PUSCH. One potential risk is that gNB may miss the gNB wake up request and therefore miss the subsequent UL transmissions. An alternative way is that UE monitors a PDCCH carrying an ACK for gNB wake up request after transmitting gNB wake up request. After receiving the ACK, UE and gNB can have the same understanding regarding the network energy saving states.
[bookmark: OLE_LINK3]Proposal 17: Support gNB wake up request under Pcell/PScell network energy saving state (cell OFF). The following options can be considered.
· Option 1) UE transmits semi-static configured UL channels X symbols after transmitting gNB wake up request.
· Option 2) UE monitors PDCCH carrying an ACK for gNB wake up request after transmitting gNB wake up request.
For the transmission of the gNB wake up request, one way is to reuse the existing channel, for example, SR or PRACH can be considered. Another way is to introduce a new UCI type to indicate the gNB wake up request.
Proposal 18: The following channels can be considered to carry the gNB wake up request. 
· 	PUCCH with SR.
· 	PRACH
· 	PUCCH with a new UCI type.
6.2 UE assistance information for requesting a DL channel transmission 
gNB power consumption on transmitting periodic broadcast channel/signaling is considerable, e.g., SSB, SIB1 and OSI. These broadcast channels/signals can be muted during network energy saving state. However, SSB muting may increase transmission latency which cannot be acceptable for some latency sensitive traffic. For example, DL synchronization may be lost when UL data is arrived at the UE side. In such case, the UE needs to first receive SSB to achieve synchronization before transmitting PRACH/SR/CG PUSCH. A UE assistance information can be used to request an SSB transmission to reduce the latency. After transmitting the UE assistance information, the UE can expect an SSB would be transmitted and receive the SSB to acquire DL synchronization. Here, the gNB needs to monitor the UE assistance information during energy saving state, e.g., in an occasion before each muted SSB.

Proposal 19: Study UE assistance information for SSB request during network energy saving state.
6.3 UE assistance information for indicating an SR/CG PUSCH transmission
For UL, there are some unknown UL transmissions from a gNB's perspective and the gNB needs to do blind detection to receive these UL transmissions. Considering the number of UEs and the number of candidate UL transmissions, the blind detection can cause the network power consumption even if there is no UL transmission. The unknown UL transmissions include PRACH, SR and CG PUSCH. 
For example, there can be up to 12 CG PUSCH configurations per UL BWP per UE and the minimum periodicity is 2 symbols. If there are multiple UEs in a cell, the gNB may need to do blind detection frequently. One enhancement is to transmit an UL transmission indication signaling before transmitting an UL channel. Only when the gNB receives the UL transmission indication signaling, gNB would do blind detection of the UL channels, otherwise, the gNB does not need to do blind detection of the other semi-static UL channels transmissions. The resource carrying the UL transmission indication signaling can be common or separate for all candidate UL transmissions. In addition, gNB can configure the common or different resources for the UL transmission indication signaling to different UEs. An example is given in Figure 4, instead of blind decoding all the candidate CG PUSCHs, the gNB only need to detect the UE assistance information which can be a sequence and shared by a group of UEs. Clearly, the UE assistance signaling can help gNB reduce blind detection and thus reduce the network power consumption.


[bookmark: _Ref101441072]Figure 4 Illustration of UE assistance information for indicating UL transmission.
Observation 5: UE assistance signaling for indicating an SR/CG PUSCH transmission is beneficial for network power consumption.
[bookmark: OLE_LINK4]Proposal 20: Study UE assistance information for indicating an SR/CG PUSCH transmission during network energy saving state.
6.4 Triggering conditions of gNB wake up request/ UE assistance information
In RAN1#109e meeting, it was agreed to further study conditions for triggering the assistance information from the UE. The issue also exists for gNB wake up request. It should first decide whether PHY or MAC layer triggers the transmission of gNB wake up request/UE assistance information. The transmission of gNB wake up request/UE assistance information is similar as SR/CG PUSCH transmission, it is MAC layer that decides whether an SR or CG PUSCH can be transmitted. Follow the same rule, MAC layer should also decide whether to transmit the gNB wake up request/UE assistance information. 
Proposal 21: MAC layer decides whether to trigger the transmission of gNB wake up request/UE assistance information.
7 Conclusions 
This contribution discusses the network power saving techniques and the proposals are summarized below,
Proposal 1:
· Support at least the following three network states for the study of network energy saving:
· Non-energy-saving state: the gNB operates in a legacy way and no network energy saving technic is used;
· Energy-saving state 1: the gNB doesn’t transmit/receive any signal/channel;
· Energy-saving state 2: the gNB only transmits/receives a particular set of signal/channel and/or gNB applies bandwidth/PSD/TXRU adaptation for channel transmission/reception;
· The study shall further investigate the UE behavior in each of the network states.
Proposal 2: Support semi-static switching and dynamic switching for network states transition (cell ON/OFF) of a serving cell at least for single cell case.
· Further study whether/how to reuse/reinterpret semi-static slot configuration and/or dynamic slot format indication.
· Further study network states transition (cell ON/OFF) switching applies jointly or separately to DL and UL, for a TDD band.
Proposal 3: Study cell-specific/UE group common dynamic adaptation on periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
Proposal 4: Study introducing SSB periodicity larger than 160ms.
Proposal 5: Further study SSB transmission reduction for Pcell or single cell case.
Proposal 6: For DL reception adaptation in the energy saving state (cell OFF),
· RRC configures whether to monitor the PDCCH in a search space;
· RRC configures whether to receive the SPS PDSCH per SPS configuration.
Proposal 7: For SR/CG PUSCH transmission adaptation for NWES during the energy saving state (cell OFF), study the following options:
· Option 1) RRC configures whether to transmit the SR/CG PUSCH per configuration;
· Option 2) UE does not transmit SR/CG PUSCH.
Proposal 8: Study at least the following aspects of UG-specific dynamic adaptation of C-DRX for NW energy savings:
· Align or concatenate the ON durations from the gNB perspective;
· Save signaling overhead.
[bookmark: OLE_LINK6]Proposal 9: Support a dedicated BWP for gNB’s transmission/reception in the energy-saving state.
Proposal 10: Support SPS PDSCH reception/Type-2 CG PUSCH transmission without reactivation after BWP switching.
Proposal 11: Support joint adaptation of gNB transmission bandwidth and power spectral density.
Proposal 12: Support a cell-specific/UG-specific signaling for cell switching on/off in the energy-saving.
Proposal 13: For supporting inter-band CA, RAN1 shall ask RAN4 to investigate at least the following requirements on the carriers to perform CA operation:
· Synchronization requirement between carriers;
· Frequency distance requirement between carriers;
· Reception power difference between carriers;
· QCL assumption requirement across carriers.
Proposal 14: Study mechanisms to dynamically mute CSI-RS (BM) ports for NW energy savings.
Proposal 15: Study mechanisms of power adaptation on CSI-RS (BM) ports for NW energy savings.
Proposal 16: Study mechanisms of beam adaptation on CSI-RS (BM) ports for NW energy savings.
Proposal 17: Support gNB wake up request under Pcell/PScell network energy saving state (cell OFF). The following options can be considered.
· Option 1) UE transmits semi-static configured UL channels X symbols after transmitting gNB wake up request.
· Option 2) UE monitors PDCCH carrying an ACK for gNB wake up request after transmitting gNB wake up request.
Proposal 18: The following channels can be considered to carry the gNB wake up request. 
· 	PUCCH with SR.
· 	PRACH
· 	PUCCH with a new UCI type.
Proposal 19: Study UE assistance information for SSB request during network energy saving state.
Proposal 20: Study UE assistance information for indicating an SR/CG PUSCH transmission during network energy saving state.
Proposal 21: MAC layer decides whether to trigger the transmission of gNB wake up request/UE assistance information.
In addition, the following observations are made.
Observation 1: Current NR system requires large signaling overhead to adapt time domain resources for p/sp physical layer resources via RRC reconfiguration or semi-static (de)activation per UE.
Observation 2: Legacy C-DRX results in large transition energy when gNB wakes up multiples times to process noncontiguous ON durations.
Observation 3: There is a tradeoff between NW energy savings and UE performance for C-DRX configuration. Current NR system requires large signaling overhead to adapt C-DRX configuration via RRC signaling per UE.
Observation 4: For a given data rate (low to medium), a combination of power and frequency domain adaptation would provide a balance between energy saving and system performance.
Observation 5: UE assistance signaling for indicating an SR/CG PUSCH transmission is beneficial for network power consumption.
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Appendix 
Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
· potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
· support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
· dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
· UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.

Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· For operations with single-carrier or within a single CC
· Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
· supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
· Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
· For operation with multi-carrier
· enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
· enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
· feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
· signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
· dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
· dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
· Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
· grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain

Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
· adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
· tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE
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