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1. Introduction
[bookmark: _GoBack]A new study item on network energy savings was approved in [1], with the following objectives:
	1. 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


Among the techniques discussed in previous meeting, we think the TR draft of each domain should clearly describe:
· The power saving schemes.
· Specification impacts to support the power saving schemes and to reduce the impact to user experience.
In this contribution, we will discuss the network energy saving techniques in time, frequency, spatial, and power domains. And give our consideration on the techniques draft.
2.Network energy saving techniques in spatial domain 
In RAN1#110b meeting [2], the following proposals were agreed for spatial domain techniques.
	Proposal #4-1J
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· FFS
Proposal #4-2G
· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:


2.1 Impact to UE operations from dynamic adaptation of spatial elements
[bookmark: _Hlk101866129]In our network deployment, when PRB utilization is less than 10% and the number of RRC connected UE is less than 5, gNB will mute some spatial elements for network energy saving, when PRB utilization is larger than 20% or the number of RRC connected UE is larger than 10, gNB will ramp up the muted spatial elements. It can be seen that the semi-static network energy saving method is transparent to UE when gNB mutes some spatial elements or ramps up the spatial elements, then RRC reconfiguration may be needed for UE to adapt to the change of network. Additionally, the semi-static network energy saving method cannot track the dynamic traffic arrival timely, which may lead to extra transmission delay on some TTIs with large traffic buffer or poor channel condition. By contrast, dynamic adaptation of spatial elements can accommodate the signal type and traffic buffer as well as channel condition for data transmission, and hence achieve better energy saving gains while still guarantee the performance.
Dynamic adaptation of spatial elements may result in changes to the antenna pattern, TCI states, and/or transmission power of the reference signal or channel that uses the antenna port(s), which may further introduce additional measurement and reporting problem for UE. When gNB mutes some spatial elements for network energy saving, the corresponding PAs are also turned off that leads to power backoff, and the corresponding antenna elements are also muted that leads to EIRP back off, which may finally lead to power backoff of signal transmission, including SSB, CSI-RS, PDSCH, etc. 
1) Firstly, the CSI-RS measurement and L3 related measurements may be affected. As shown in Fig.1, when timeRestrictionForChannelMeasurements for CSI-RS measurement is set to "notConfigured", UE derives the channel measurements for computing CSI value reported in uplink slot n based on multiple CSI-RS resources no later than the CSI reference resource. If gNB turns off some spatial elements at slot n0, it may lead to the CSI-RS transmission power backoff after slot n0. If UE does not know the power changing of CSI-RS resource before and after slot n0, UE still derives the CSI value by averaging the CSI-RS measurements before and after slot n0, the CSI value may be not corrected. On one hand, the timing of dynamic adaptation of spatial elements, or the timing restriction of measurements can be configured to UE to indicate that the CSI-RS transmitted before spatial elements on/off cannot be used for measurements. However, this may result in less CSI-RS for measurements, or if the dynamic adaptation of spatial elements is later than CSI reference resource, none of CSI-RS can be used for measurements. On the other hand, some enhancements can be studied to enable UE to jointly measure the CSI-RS transmitted before and after dynamic adaptation of spatial elements. Similarly, the L3 related measurements, such as PL RS measurement, may also have such problem.
[image: ]
[bookmark: _Hlk101857672]Figure 1. CSI-RS measurement with timeRestrictionForChannelMeasurements set to "notConfigured"
2) Secondly, beam failure recovery or radio link monitoring procedure may be affected. For beam failure recovery procedure, UE assesses the radio link quality according to periodic CSI-RS and/or SSB against the threshold Qout,LR for beam failure detection, and UE finds new candidate beam according to the L1-RSRP measurements of periodic CSI-RS and/or SSB that are larger than or equal to the threshold Qin,LR, where Qout,LR and Qin,LR correspond to the value of rlmInSyncOutOfSyncThreshold and rsrp-ThresholdSSB configured by RRC, respectively. If gNB turns off some spatial elements, it may lead to CSI-RS or SSB transmission power backoff. If the threshold is not changed accordingly, the power backoff may leads to the L1-RSRP of CSI-RS or SSB less than the threshold Qout,LR, especially for cell-edge UEs, and results in frequently beam failure detection, or UE could not finds new candidate beam that larger than or equal to the threshold Qin,LR, and results in frequently contention-based initial access procedure. Hence, the threshold Qout,LR and threshold Qin,LR may be needed to update together with dynamic adaptation of spatial elements. Similarly, radio link monitoring procedure may also have such problem.
3) Thirdly, dynamic adaptation of spatial elements may also have impact on CSI feedback. For CSI reporting, UE performs channel estimation and SVD decomposition based on CSI-RS, and reports CQI, RI, and PMI in CSI reporting. However, if gNB turns off part of spatial elements for network energy saving, such as 64 TxRUs mutes to 32 TxRUs, whether the 8-port CSI-RS transmitted through 64 TxRUs or through 32 TxRUs has impact on the CQI, RI, or PMI reporting can be studied. Enhancements can be considered to enable adaptation of CQI, RI, or PMI calculation with TxRUs on/off.
Proposal 1: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to solve the impact to UE operation. 
· Potential RAN1 specification impacts include:
· Enhancements on measurements, CSI feedback, power control, beam management, etc.

2.2 Dynamic logical port adaptation and efficient port reconfigurations
In current network, the overhead of CSI-RS transmission is non-negligible, especially for periodic CSI-RS, reducing the overhead of CSI-RS transmission is essential for network energy saving. Currently, the ports number and RE location of CSI-RS within a slot is configured by RRC, if gNB turns off some spatial elements that cannot transmit all the ports of CSI-RS, RRC reconfiguration is needed for CSI-RS adaptation, which may lead to extra delay for network energy saving. For example, as shown in Fig.2, an 8-port CSI-RS is configured to UE, if gNB turns off 64 TxRUs to 32 TxRUs, the 8-port CSI-RS can still be transmitted, then no signaling is needed for CSI-RS port adaptation, however, if gNB turns off the 8 TxRUs to 2 TxRUs, then only 2-port CSI-RS can be transmitted, in this case, dynamic CSI-RS port signaling is needed. 
For aperiodic CSI-RS, multiple CSI-RS resource sets are configured by RRC, DCI could trigger a suitable CSI-RS resource set, so, enhancement is not needed. For semi-static and periodic CSI-RS, multiple port configurations can be semi-statically configured by RRC for each CSI-RS resource, and MAC CE or DCI can be used for dynamic CSI-RS port adaptation.
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Figure 2. CSI-RS port adaptation for network energy saving
Proposal 2: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs. 
· Potential RAN1 specification impacts include:
· Dynamic CSI-RS port adaptation for semi-static and periodic CSI-RS.

2.3 UE feeding back antenna muting pattern recommendations to gNB.
CSI reporting enhancement can be considered for UE to provide antenna muting pattern recommendations to gNB, which ensures the performance of UE while achieving network energy saving gain. One approach is that different CSI reporting can be configured to UE with different antenna muting pattern assumptions, however, the number of CSI-reportConfig including P/SP/A-CSI reportconfig per BWP is 4, if coupling of CSI reporting and antenna muting pattern for network energy saving, the flexibility of CSI reporting configuration will be restricted. Another approach is that UE reports multiple CSIs with different antenna muting pattern assumptions in one CSI reporting. In this case, multiple CSI-RS resources can be configured with different antenna muting pattern assumption, however, this may lead to higher CSI-RS overhead. Or else, multiple CSI-RS port patterns can be configured to represent different antenna muting pattern assumptions, and UE reports multiple CSIs for different CSI-RS port patterns to feedback antenna muting pattern recommendations to gNB.
Proposal 3: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to trigger gNB to switch between different spatial domain configurations. 
· Potential RAN1 specification impacts include:
· UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.

3. Network energy saving techniques in time domain 
In RAN1#110b-e meeting [2], general descriptions of time domain techniques have been agreed as a starting point for further study. In this section we give our consideration on time domain schemes, including the potential candidate schemes and the specification impacts.
	· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3


Discussion is based on categorization of the last meeting's agreement, and including the following techniques,
· Adaptation of common signals and channels
· Dynamic adaptation of UE specific signals and channels
· Wake up of gNB triggered by UE wake up signal (WUS)
· Adaptation of DTX/DRX
· Adaptation of SSB/SIB1
3.1 Discussion on adaptation of common signals and channels
The agreed general description of this technique is as following.
	· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 


In the following section, we give our consideration on how to adapt the common signals and channels.
3.1.1 Solutions to reduce transmission of common channels/signals
According to current spec in TS 38.331, the MIB is always transmitted on the BCH with a periodicity of 80 ms with repetitions made within 80 ms, and the actual repetition interval is aligned with the period of SSB. And in TS38.213, the corresponding description is that for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames, which is 20ms. So gNB has to transmit SSB at least in a repetition period of 20ms. 
And for SIB1, TS38.331 also describes that it is transmitted on the DL-SCH with a periodicity of 160 ms and the transmission repetition periodicity within 160 ms can be variable. But for SSB and CORESET multiplexing pattern 1, SIB1 repetition transmission period is 20 ms. For SSB and CORESET multiplexing pattern 2/3, SIB1 transmission repetition period is the same as the SSB. So, for both SSB and CORESET multiplexing pattern 1 and 2/3, UE assumes the SIB1 repetition transmission period is 20 ms for initial cell selection. 
According to our practical deployment, both 20ms and 40ms SIB1 repetition period exist. Take 20ms SIB1 repetition as baseline, these common signals/channels such as SSB and SIB1 can be reduced for network power saving.
To reduce transmission of SSB and SIB1, there are different realization schemes,
· Alt.1: Increasing repetition period of SIB1 PDCCH/PDSCH
For this option, SSB periodicity is kept as it is, and the repetition period of SIB1 PDCCH/PDSCH is increased to a larger one. UE can find the cell by searching SSB with traditional periodicity, but it needs more time to get SIB1, as shown in Fig.3. 
· Alt2: Increasing repetition period of PBCH and SIB1 PDCCH/PDSCH
For this option, PSS and SSS are still transmitted with default periodicity, 20ms, but the periodicity of PBCH and SIB1 is increased, for example, 40ms. So UE can get sync with the cell with PSS and SSS, but it cannot detect PBCH for some occasions. For this option, if it wants to combine PBCHs in different occasions to improve detection performance as traditional behavior, only noise and interference will be combined for some occasions, resulting in even poorer performance. So UE should be aware of such change.
· Alt3: Increasing repetition period SSB and SIB1 PDCCH/PDSCH
For this option, the relative position of PSS/SSS, PBCH and SIB1 is not changed, but they are transmitted less frequently, as shown in Figure.3. In this case, if UE sets a 20ms window to get SSB for each sync raster, it may fail to find the cell, and if it wants to combine SSBs on neighbor candidate occasions, noise may be combined due to lack of SSB in some occasions. So there will be impact on the initial access performance if it is not aware of this.
All these options will have impact on legacy UEs’ initial access performance, so it should be careful to apply such schemes to network serving legacy UEs.
However, for some deployment with only new UEs, for example, new NR bands, these schemes can be considered. 
Observation 1: Reducing SSB/SIB1 transmission for single carrier case will have impact on legacy UEs’ initial access performance, so it should be careful to apply such schemes to network with legacy UEs.
Observation 2: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.
[image: ]
Figure 3. Reduced SSB/SIB1 transmission
We think the general description agreed in last meeting give a good summary of the technique. According to the technique description, it includes adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. We have discussed the potential solutions to reduce SSB/SIB transmission, while it our understanding that the “adapting” in the description means the the periodicity is not semi-static configured, but can vary based on UE’s demand or based gNB’s determination, i.e. adapting the transmission pattern including adapting the periodicity. 
So for this technique, we propose the following,
Proposal 4: Capture the following description of time domain technique into TR 38.864,
· Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
Proposal 5: Further capture the following description for adaptation of common signals and channels in TR38.864,
Adapting the transmission pattern (when applicable) of downlink common and broadcast signals including the following candidates,
· Alt1: Adapting repetition period of SIB1 PDCCH/PDSCH
· Alt2: Adapting repetition period of PBCH and SIB1 PDCCH/PDSCH
· Alt3: Adapting repetition period SSB and SIB1 PDCCH/PDSCH
3.1.2 Specification impacts of reducing transmission of common channels/signals
Besides the potential solutions to reduce SSB/SIB1 transmission we discuss above, corresponding enhancements to support such solutions and to reduce the performance impacts to UEs should also be considered.
For above Alt 1,2,3, the latency of initial access will be increased, the potential specification impacts include: 
· Adapting the repetition periods of common channels/signals, including explicit or implicit indication
For the new UEs, when reduced common channel/signals schemes are applied, they can adjust their implementation behavior correspondingly and access the network with larger SSB or SIB1 periodicity. If the periodicity can be implicitly or explicitly indicated to UEs, unnecessary blind decoding will be avoided, and gNB can dynamically change the periodicity of the common channels/signals to match the traffic.
· On-demand triggering of common channels/signals
For some UEs that have strict initial access latency requirement, mechanisms for UE to trigger SSB/SIB1 transmission should be studied, to reduce the impact to user experience.
Proposal 6: When reduced SSB/SIB1 transmission is introduced, the potential RAN1 specification impacts include:
· Adapting the repetition periods of common channels/signals
· On-demand triggering of common channels/signals, including the triggering signaling design, and the triggering procedure.

3.2 Discussion on dynamic adaptation of UE specific signals and channels
The following was agreed for this technique.
	· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity.
· Potential list of UE specific resources are 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).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels


This solution can only apply to connected UEs. Currently, above signals/channels are configured by RRC signaling, and more power saving gain is available if the transmission of such channels/signals can be dynamically muted when no traffic is on going. 
Among the signals and channels listed, for downlink, group-common/UE-specific PDCCH is only transmitted when there is traffic to be scheduled, so there may be no energy wasting for gNB for such channels. Similar case for SPS PDSCH. For uplink, PUCCH/PUSCH carrying CSI reports will be reduced if downlink CSI-RS is reduced, PUCCH carrying HARQ-ACK for SPS is based on scheduling results, while PUCCH carrying SR is for UE to request resource, and reducing it will cause latency on gNB’s response to uplink traffic. So we think the adapting will mainly focus on reference signals such as CSI-RS, SRS, positioning RS (PRS). And adapting channels such as CG-PUSCH based UE assistance information may also provide power saving gain, however the priority for uplink channels and signals can be low priority. 
Observation 3: Dynamic adaptation of UE specific signals and channels mainly focus on reference signals.
The potential enhancement includes dynamic signaling to reduce transmission of these UE specific channels/signals, by utilizing UE/cell group-level or cell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.
Proposal 7: The potential RAN1 specification enhancement of reducing transmission of UE specific channels/signals include:
· Dynamic signaling design to reduce transmission of these UE specific channels/signals, by utilizing UE/cell group-level or cell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.

3.3 Discussion on waking up of gNB triggered by UE wake up signal (WUS)
The following description about WUS was agreed during last meeting.
	· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS


To our understanding, WUS signal for gNB is a specification enhancement of other techniques such as technique A-1, A-2, A-4, and similar to on-demand SSB/SIB1 request. Since during the DTX or DRX, gNB can not react in time for UE traffic, UEs can wake up gNB from such state and get served. And UE can also request normal SSB/SIB1 transmission by transmitting wake up signals when the gNB is worked at a sparse SSB/SIB1 transmission state when needed.
Beside connected UEs, UE in idle/inactive mode can also wake up gNB as long as it can get wake up signal configuration. For example, UE can be RRC released by the gNB and informed that the gNB will go to inactive state. When UE finds it has traffic to be transmitted, it can wake up gNB by sending WUS. The WUS signal configuration can be configured to UE during the RRC release procedure, and it can also provide by neighbouring gNB. 
Besides the specification impact of RAN2 and RAN3, the RAN1 specification impacts including the WUS design and WUS transmission related procedures and behaviors, such as signal format, the QCL relation, how gNB response to WUS, the timeline, etc.
Proposal 8: Capture the agreed description of Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS) to TR 38.864.
Proposal 9: The potential RAN1 specification impact including the WUS design and WUS transmission related procedures and behaviors.

3.4 Discussion on DTX/DRX of gNB
The following description about gNB DTX/DRX was agreed during last meeting.
	· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.


The agreed description gives a good summary for gNB DTX/DRX, including the potential enhancement directions. So we propose to capture the agreed description into TR38.864.
Proposal 10: Capture the agreed description of Technique #A-4: Adaptation of DTX/DRX into TR38.864. 
And in the following, we give our consideration on potential specification impact.
· Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration.
By aligning C-DRX configuration of different UEs when the number of UEs is small, the gNB can have more time to sleep, as shown in Fig.4. And since the UE number is small, gNB can still have enough resources for UE scheduling within located active time. How to realize dynamic alignment of C-DRX needs to be studied.
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Figure 4. C-DRX alignment
· Defining DTX/DRX pattern for gNB.
By defining DTX/DRX patterns for gNB, some timers like on duration timer or inactive timer can be configured, then gNB can find some inactive time when it can go to sleep. 
· Wake up signal (WUS) for gNB.
To make sure UE is served in time, mechanisms for gNB to come back from a dormant power state/energy saving state (e.g., SSB-less/SIB1-less/SSB relaxed state) is needed. For example, UE can be RRC released by the gNB and informed that the gNB will go to inactive state. When UE finds it has traffic to be transmitted, it can wake up gNB by sending WUS. The WUS signal configuration can be configured to UE during the RRC release procedure, and it can also provide by neighbouring gNB. And the procedure related to the wake up also needs to be studied.
Proposal 11: When DTX/DRX of gNB is introduced, how to provide WUS configuration needs to be studied, such as by RRC release information or by neighboring gNB. 
Proposal 12: The potential RAN1 specification enhancements of gNB DTX/DRX include: 
· Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration
· Wake up signal (WUS) design for gNB, and WUS transmission related procedures and behaviors.
3.5 Discussion on adaptation of SSB/SIB1
The following description on adaption of SSB/SIB1 is agreed during last meeting.
	· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE re-trieves system information and synchroniza-tion from another intra-band cell with SSB and SIB1.
· Potential impact to other WGS
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.


The description actually includes two parts,
· On demand SSB/SIB1
As described in above agreements, On-demand SSBs/SIB1 transmissions may enable long periods of inactivity at the gNB to achieve gNB energy saving. For this case, SSB/SIB1 is needed for the cell, and when UEs has less requirement for the SSB/SIB1, for example, during the night, gNB goes to a state with reduced SSB/SIB1, however, UE can trigger normal SSB/SIB1 in case they are needed.With on demand SSBs/SIB1 transmissions, gNB can go to inactive state with limited SSB/SIB1 transmission without worrying of introducing major user experience degradation.
· SSB/SIB1-less for single carrier UE operation 
The cell has no SSB and SIB1 transmission, or it has SSB or simplified SSB, but no SIB1 transmission. 
In practical, a gNB can have multiple carriers, while the UEs it serves can work at a single carrier or multiple carriers’ mode. To realize power saving of gNB on one carrier, if one carrier B can share synchronization from the other carrier A, then SIB1 less or even SSB less can be applied to carrier B, regardless of whether it is SCell of one CA UE or the serving cell of other UEs without CA capability. 
Here for time domain techniques, we will focus on UE with single carrier operation, and CA operation will be discussed in frequency domain.
Take Fig.5 as an example, gNB has deployed 3 collocated carriers, e.g. CC1, CC2, CC3. To reduce gNB power consumption, CC2 and CC3 has limited common signal/channel transmission. For this example, CC2 has its own PSS/SSS, but no PBCH, no SIB1, so UEs can sync to CC2 by the PSS/SSS for this cell. CC3 has neither SSB nor SIB1, but both CC2 and CC3 are co-deployed with CC1 and they can share synchronization with each other, especially for CC3 without PSS/SSS. According to current specification, such carriers like CC2 and CC3 cannot be used for initial access, which may cause initial access congestion. 
To solve such problems when keeping the power saving benefit of SSB/SIB1-less, enhancement can be made for UE to access such carrier(e.g. CC2 and CC3) with assistance information (SSB/SIB1) from CC1. UEs with single carrier operation can finish cell search on CC1, and initiates RACH on CC2 or CC3 based on some proper cell selection strategy, to get offloaded or to get better service on CC2 or CC3, when they can get system information of CC2 and CC3 they needed from carrier CC1. 
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Figure 5. SSB/SIB1 less cell
Proposal 13: SSB/SIB1 less carrier can be considered for single carrier UE operation with assistance information from other carriers.
For above SSB/SIB less solution, UE needs assistance information from other carrier to access carriers without SIB1 or even without SSB. Then the potential enhancement including,
· Cross carrier synchronization for single carrier operation: for a SSB-less carrier, it shares PSS/SSS with other carriers, then UE synchronize to such carrier with PSS/SSS transmitted by other carriers, even for single carrier operation. This is not supported by legacy UEs and enhancement is needed.
· System information enhancement to provide information that needed for UE to perform random access on the other cell, and to provide carrier selection principles for UE: Take Fig.4 as example, UE1 get SIB1 on CC1, but it needs to know information about CC2, such as basic configuration of CC2, and the RACH configuration, and it also needs to know which carrier is suitable for UE to access. So the SIB1 on CC1 should provide such information.
Currently, the agreed general description of seems OK, but the background description needs more content, that is UE re-achieves system information and synchronization from another intra-band cell with SSB and SIB1 is only applied to CA cases but not single carrier UE operation.
For the specification part, there are some overlapping between the third and fifth sub-bullet for RAN2. we suggest to modify the two sub-bullets into one. And the following proposals are made with modification in red font. 
Proposal 14: Capture the following technique general description into TR38.864,
· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such SSB/SIB1-less carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
Proposal 15: Capture the following background description into TR38.864,
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE re-trieves system information and synchronization from another intra-band cell with SSB and SIB1. This is only apply to CA operation.
Proposal 16: Capture the following potential impacts to other WGS into TR38.864:
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide information of another cell that needed for UE to perform random access on that cell, and to provide carrier selection principles for UE
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN4:
· Cross carrier synchronization for single carrier operation
Proposal 17: The potential RAN1 specification impacts of adaptation of SSB/SIB1 includes:
· For SIB-less carrier/cell, random access related enhancement need to be considered.

4. Network energy saving techniques in frequency domain 
In RAN1#110b-e meeting [2], general description of frequency domain techniques have been agreed as a starting point for further study. In this section we give our consideration on frequency domain schemes, including the potential candidate schemes and the specification impacts.
	· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3


4.1 Discussion on single carrier frequency domain enhancement 
The single carrier enhancement is mainly focus on dynamic bandwidth adaptation, such as by group or cell specific adaption indication of transmission BWP or transmission bandwidth. The main benefit compared to current BWP switch scheme is signaling overhead reduction. However, when the actual transmission number of RBs of the cell is the same for case (a) and case(b) in Fig.6, the power consumption may be similar for PA part, and what’s more, the hardware usually is designed for carrier level not BWP level. So the actual power saving gain cell specific BWP adaption can be depend on gNB implementation.
[image: ]
Figure 6. Common BWP and UE specific BWP for UE transmission
Observation 4: The power saving gain of dynamic cell specific or group common BWP adaption depends on implementation. 

4.2 Discussion on multi-carrier frequency domain enhancement 
The following was agreed for multi-carrier energy savings enhancements.
	· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less SCell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less SCell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less SCell operation may be investigated.
· Inter-band CA with SSB-less carriers/SCell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less SCell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less SCell.
· Dynamic UE-group PCell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less SCell:
· RACH procedures in SSB-less SCell
· Impact on procedure for dynamic PCell switching
· RAN3:
· RAN4:
· FFS



4.2.1 Solutions to reduce power consumption of CA operation
The enhancement for multi-carrier frequency domain is mainly to increase sleep chances for SCell, by reducing always on channels or signals, such as SSB, SIB. 
There are two scenarios for the SCell cases.
· Intra-band CA with SSB-less SCell
For the intra-band CA case, SCell can share the same synchronization signal with PCell, then gNB doesn’t need to transmit SSB on SCell. In this case, more symbols are available for gNB to keep silent. As pointed by some companies that the power saving gain for such symbols may depend on gNB implementation. The more hardware parts are shared by PCell and SCell, the less power saving gain gNB can get, and vice versa. At least the transmit power for such symbols is reduced since no SSB is present on SCell.
Observation 5: The absolute power saving gain of intra-band SSB-less depends on gNB implementation, at least the transmit power for such symbols on SCell can be reduced. 
· Inter-band CA 
For this scenario, it may further divide into two subcases. 
· Inter-band SSB-less SCell: This is similar to intra-band SSB-less case, where the SCell still can share synchronization with PCell, then the discussion above can be reused, except that potential RAN4 involvement to study the conditions and restrictions for such case. 
· Inter-band SCell with reduced SSB: In this case, SSB is still needed on Scell for UE to get synchronization. But the periodicity of SSB can be increased so that gNB can shut off the RF and baseband part of Scell for such symbol as long as there are no data scheduling, then gNB power consumption on Scell can be reduced. And the reduced SSB can also be simplified to PSS/SSS without PBCH. 
Proposal 18: Inter-band SCell with reduced SSB or SSB-less can be studied to reduce power consumption of gNB.
Since intra-band CA with SSB-less SCell has already be supported by NR, current agreed description for inter-band CA with SSB-less carriers/SCell is a good starting point for further study, we propose to capture it into the TR.
Proposal 19: Capture the following description about multi-carrier energy saving enhancements into TR38.864,
· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less SCell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less SCell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less SCell operation may be investigated.
· Inter-band CA with SSB-less carriers/SCell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less SCell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less SCell.

4.2.2 Specification impacts of SSB-less or reduced SSB SCell
When SSB-less or reduced SSB is introduced to SCell, the following specification impacts can be considered.
· Cross carrier synchronization for inter-band CA
According to previous discussion, regarding cross carrier synchronization and measurement for inter-band CA cases, involvement of RAN4 WG is needed to identify necessary requirements and guide for future RAN1 work, i.e. about sync. requirement between carriers, frequency distance requirement between carriers, Rx power difference between carriers, QCL assumption requirement across carriers, etc.
· Fast activation/de-activation of SCell
According to the discussion for R17 efficient SCell activation/de-activation, the Tactivation time can be largely reduced due to synchronization to PCell or other activated cell. And if DCI based activation or de-activation is further introduced, the THARQ part can also be reduced. With fast activation/de-activation of SCell, the UPT can be increased, and gNB can achieve power saving due to short transmission time duration. 
Observation 6: Fast activation/de-activation of SCell can be acheived along with intra-band/inter-band SSB-less SCell.
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[bookmark: _Ref48500969]Figure 7. SCell activation procedure
Proposal 20: DCI based SCell activation/de-activation can be introduced for intra-band /inter-band SSB-less SCell scenario. 
· On-demand triggering of normal SSB for fast scheduling on SCell
For inter-band SCell with reduced SSB case, the network should make sure to response to UE in time. When UE has large amount of traffic to be served, multiple carrier scheduling is desired. Then UE can trigger normal SSB for fast synchronization and measurement on SCell, this can improve the scheduling efficiency of SCell. 
Proposal 21: Mechanisms to trigger normal SSB/SIB1 on demand should be studied for inter-band SCell with reduced SSB/SIB1 scenario.
· Adaption of PCell or monitored SCell for fast turning off carriers
Besides reducing always on signals on SCell and increasing sleep opportunity for SCell, dynamic indicating Scells (i.e. activated Scells) the UE needs to monitor and turning off those not indicated can realize gNB power saving while at the same time maintain fast response for traffic variation. Especially for those SCell with SSB-less, they can be activated and deactivated fast, so supporting of dynamic indication can realize fast turn on/off of SCell. The indication signaling can be transmitted on PCell. 
Proposal 22: Dynamic indicating of activated Scells can be studied to reduce gNB power consumption.
When gNB has multiple carriers, PCell of different UEs can be scattered on different carriers. But when the traffic load is light, gNB can turn off some carriers that served as PCell for some UEs and transfer all the UEs to a common PCell. To realize this, dynamic PCell change can be studied. The PCell change signaling can share the same DCI with dynamic indication of Scells to be monitored.
Proposal 23: Dynamic PCell change can be studied to support fast carriers on/off.
· Initial access from SCell to offload initial access pressure on PCell
From gNB size, if the PCell of UEs are distributed on different carriers, then all the Pcells need to transmit normal SSB/SIB1, the power saving cannot be achieved. So to maximize the power saving gain of SSB-less schemes, it is better to set a common carrier as PCell for UEs. In this case, the initial access procedure of all the UEs will be happened on the common PCell, as shown in left part of Fig.8. To reduce the initial access pressure of PCell, Scells can be used by UE for initial access, as shown in the right part of Fig.8. How to choose the carrier for initial access for such case needs to be studied. 
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Figure 8. initial access from SCell
Proposal 24: To realize offloading before RRC connected mode for common PCell, initial access by SCell can be studied. 
Proposal 25: Capture the following potential specification impacts to other WGS into TR 38.864,
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less SCell:
· RACH procedures in SSB-less SCell
· Impact on procedure for dynamic PCell switching
· RAN4:
· Support of cross carrier synchronization for inter-band CA
Proposal 26: The potential RAN1 specification impacts of multi-carrier energy savings enhancements include,
· For inter-band and intra-band SSB-less CA, fast activation/de-activation of SCell.
· On demand trigger of normal SSB/SIB1 for inter-band SCell with reduced SSB scenario.
· Adaption of PCell or monitored SCells for fast turning on/off carriers.

5. Network energy saving techniques in power domain 
In RAN1#110b meeting [2], the following proposal is agreed for power domain techniques.
	Proposal #5-1I
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adaptaing the transmission power or PSD of downlink signals and channels
· Background:
· Adaptation of transmission power of signals and channels is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
· The power offset configurations for PDSCH and CSI-RS are BWP-specific, and BWP adaptation framework can be utilized for the adaptation of the settings for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WGS
· RAN2:
· Possible impact on mobility due to dynamic power adaptation of CSI-RS/SSB 
· Configuration and signaling of indication of power related parameters to the UEs
· RAN3:
· RAN4:
· FFS


5.1 Adaptation of transmission power of signals and channels 
For SSB, a UE assumes that reception occasions of a PBCH, PSS, and SSS are in consecutive symbols, and form a SS/PBCH block. The UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE, which can be derived from the SS/PBCH downlink transmit power given by the parameter ss-PBCH-BlockPower provided by higher layers. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. On one hand, adaptation of SSB transmission power would provide network energy saving gain while it may suffer from reduced coverage due to reduced transmission power. So, adaptation of SSB transmission power should be carefully considered to maintain the cell coverage. On the other hand, some time domain enhancement, such as SSB muting, may be not possible when considering the initial access and channel measurements for legacy UEs. Adaptation of SSB transmission power may be considered to obtain network energy saving gain and has less impact on legacy UEs. For example, as shown in Fig.9, some SSB indexes are transmitted with lower power in even occasions, but normal power in odd occasion. The other SSB indexes are transmitted with lower power in odd occasions, but normal power in even occasions. In this case, those UEs located in cell area with good channel condition can still access the cell with normal procedure for all the occasions. This scheme can reduce the performance impact on most of the legacy UEs.
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Figure 9. SSB transmission with different power on different occasions
As specified in TS 38.214, the downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter ss-PBCH-BlockPower and CSI-RS power offset given by the parameter powerControlOffsetSS provided by higher layers. The value range of powerControlOffsetSS can be semi-statically configured of either -3db, 0db, 3db, or 6db according to TS 38.331. From our perspective, adaptation of SSB transmission power is not applied, meaning that ss-PBCH-BlockPower is not dynamically changed. To dynamically reduce the transmission power of CSI-RS, the value of powerControlOffsetSS can be updated according to the transmission power scheme by gNB. 
For PDCCH, when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, if the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB. For link recovery, the ratio of the PDCCH EPRE to NZP CSI-RS EPRE is assumed as 0 dB. For the other cases, the EPRE of PDCCH and PDCCH DMRS depends on the number of scheduled PRBs over the operating BW based on gNB practically implementation. 
For PDSCH, the power offset between PDSCH EPRE and CSI-RS EPRE is given by parameter powerControlOffset provided by higher layers. UE receives the CSI-RS and calculates CSI based on the configured ratio. When gNB dynamically reduces the transmission power of PDSCH, the value of powerControlOffset should be also updated simultaneously.
Proposal 27: Capture the following description of power domain technique into TR 38.864,
· Technique #D-1: Adaptation of transmission power of signals and channels
· Potential enhancements include to indicate transmission power adaptation to the UEs. 
· Potential RAN1 specification impacts include:
· SSB transmission power enhancement to obtain power saving gain and reduce initial access impact for legacy UEs.
· Dynamic indication of powerControlOffsetSS and powerControlOffset for the adaptation of CSI-RS and PDSCH transmission power, respectively.
Furthermore, potential feedback from UE to provide assistance information for adjustment of transmission power can be considered for network energy saving. CSI reporting enhancement can be used for UE to feedback CQI, LI-RSRP, L1-SINR, or PHR like value to indicate the power headroom for gNB to adjust DL transmission power.
Proposal 28: Capture the following description of power domain technique into TR 38.864,
· Technique #D-1: Adaptation of transmission power of signals and channels
· Potential enhancements include the mechanisms to trigger gNB to dynamically adjust the transmission power. 
· Potential RAN1 specification impacts include:
· UE reports multiple CSIs in one CSI reporting to feedback transmission power recommendations to gNB.

6. Conclusion
Based on the above discussions, the observations and proposals are as follows:
Spatial domain:
Proposal 1: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to solve the impact to UE operation. 
· Potential RAN1 specification impacts include:
· Enhancements on measurements, CSI feedback, power control, beam management, etc.
Proposal 2: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs. 
· Potential RAN1 specification impacts include:
· Dynamic CSI-RS port adaptation for semi-static and periodic CSI-RS.
Proposal 3: Capture the following description of spatial domain technique into TR 38.864,
· Technique #C-1: Dynamic adaptation of spatial elements
· Potential enhancements include the mechanisms to trigger gNB to switch between different spatial domain configurations. 
· Potential RAN1 specification impacts include:
· UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.

Time domain:
Observation 1: Reducing SSB/SIB1 transmission for single carrier case will have impact on legacy UEs’ initial access performance, so it should be careful to apply such schemes to network with legacy UEs.
Observation 2: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.
Observation 3: Dynamic adaptation of UE specific signals and channels mainly focus on reference signals.
Proposal 4: Capture the following description of time domain technique into TR 38.864,
· Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
Proposal 5: Further capture the following description for adaptation of common signals and channels in TR38.864,
Adapting the transmission pattern (when applicable) of downlink common and broadcast signals including the following candidates,
· Alt1: Adapting repetition period of SIB1 PDCCH/PDSCH
· Alt2: Adapting repetition period of PBCH and SIB1 PDCCH/PDSCH
· Alt3: Adapting repetition period SSB and SIB1 PDCCH/PDSCH
Proposal 6: When reduced SSB/SIB1 transmission is introduced, the potential RAN1 specification impacts include:
· Adapting the repetition periods of common channels/signals
· On-demand triggering of common channels/signals, including the triggering signaling design, and the triggering procedure.
Proposal 7: The potential RAN1 specification enhancement of reducing transmission of UE specific channels/signals include:
· Dynamic signaling design to reduce transmission of these UE specific channels/signals, by utilizing UE/cell group-level or cell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.
Proposal 8: Capture the agreed description of Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS) to TR 38.864.
Proposal 9: The potential RAN1 specification impact including the WUS design and WUS transmission related procedures and behaviors.
Proposal 10: Capture the agreed description of Technique #A-4: Adaptation of DTX/DRX into TR38.864. 
Proposal 11: When DTX/DRX of gNB is introduced, how to provide WUS configuration needs to be studied, such as by RRC release information or by neighboring gNB. 
Proposal 12: The potential RAN1 specification enhancements of gNB DTX/DRX include: 
· Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration
· Wake up signal (WUS) design for gNB, and WUS transmission related procedures and behaviors.
Proposal 13: SSB/SIB1 less carrier can be considered for single carrier UE operation with assistance information from other carriers.
Proposal 14: Capture the following technique general description into TR38.864,
· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such SSB/SIB1-less carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
Proposal 15: Capture the following background description into TR38.864,
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE re-trieves system information and synchronization from another intra-band cell with SSB and SIB1. This is only apply to CA operation.
Proposal 16: Capture the following potential impacts to other WGS into TR38.864:
· RAN2:
· The event trigger and higher-layer UE procedure of on-demand SSBs/SIB1
· Handling of transmissions of SIB1 if SIB1 transmission cycle is changed.
· System information enhancement to provide information of another cell that needed for UE to perform random access on that cell, and to provide carrier selection principles for UE
· System information enhancement to provide other carriers’ information and carrier selection principles for UE.
· For on-demand SSB/SIB, the introduction of uplink trigger signal may impact the procedure in which UE access the cell with on-demand SSB/SIB.
· For SIB-less carrier/cell, SIB1 enhanced to carry necessary SIB information for other cell, UE cell (re)selection procedures, and SSB/SI acquisition from an anchor cell.
· RAN4:
· Cross carrier synchronization for single carrier operation
Proposal 17: The potential RAN1 specification impacts of adaptation of SSB/SIB1 includes:
· For SIB-less carrier/cell, random access related enhancement need to be considered.

Frequency domain:
Observation 4: The power saving gain of dynamic cell specific or group common BWP adaption depends on implementation. 
Observation 5: The absolute power saving gain of intra-band SSB-less depends on gNB implementation, at least the transmit power for such symbols on SCell can be reduced. 
Observation 6: Fast activation/de-activation of SCell can be acheived along with intra-band/inter-band SSB-less SCell.
Proposal 18: Inter-band SCell with reduced SSB or SSB-less can be studied to reduce power consumption of gNB.
Proposal 19: Capture the following description about multi-carrier energy saving enhancements into TR38.864,
· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less SCell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less SCell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less SCell operation may be investigated.
· Inter-band CA with SSB-less carriers/SCell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less SCell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less SCell.
Proposal 20: DCI based SCell activation/de-activation can be introduced for intra-band /inter-band SSB-less SCell scenario. 
Proposal 21: Mechanisms to trigger normal SSB/SIB1 on demand should be studied for inter-band SCell with reduced SSB/SIB1 scenario.
Proposal 22: Dynamic indicating of activated Scells can be studied to reduce gNB power consumption.
Proposal 23: Dynamic PCell change can be studied to support fast carriers on/off.
Proposal 24: To realize offloading before RRC connected mode for common PCell, initial access by SCell can be studied. 
Proposal 25: Capture the following potential specification impacts to other WGS into TR 38.864,
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less SCell:
· RACH procedures in SSB-less SCell
· Impact on procedure for dynamic PCell switching
· RAN4:
· Support of cross carrier synchronization for inter-band CA
Proposal 26: The potential RAN1 specification impacts of multi-carrier energy savings enhancements include,
· For inter-band and intra-band SSB-less CA, fast activation/de-activation of SCell.
· On demand trigger of normal SSB/SIB1 for inter-band SCell with reduced SSB scenario.
· Adaption of PCell or monitored SCells for fast turning on/off carriers.

Power domain
Proposal 27: Capture the following description of power domain technique into TR 38.864,
· Technique #D-1: Adaptation of transmission power of signals and channels
· Potential enhancements include to indicate transmission power adaptation to the UEs. 
· Potential RAN1 specification impacts include:
· SSB transmission power enhancement to obtain power saving gain and reduce initial access impact for legacy UEs.
· Dynamic indication of powerControlOffsetSS and powerControlOffset for the adaptation of CSI-RS and PDSCH transmission power, respectively.
Proposal 28: Capture the following description of power domain technique into TR 38.864,
· Technique #D-1: Adaptation of transmission power of signals and channels
· Potential enhancements include the mechanisms to trigger gNB to dynamically adjust the transmission power. 
· Potential RAN1 specification impacts include:
· UE reports multiple CSIs in one CSI reporting to feedback transmission power recommendations to gNB.
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