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1. Introduction

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

	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#110 meeting [2], potential enhancements for the adaptation of number of spatial elements of the gNB have been identified for further study. In this section we give our consideration on spatial domain schemes.
	Spatial Domain Techniques

Technique #C-1: Dynamic adaptation of spatial elements

reducing the number of active transceiver chains or antenna elements.

CSI-RS/reporting re-configuration should be indicated to the UEs for spatial adaptation of gNB/cell power state 
Adaptation can be further categorized into two types:

Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource.

Type 2: enable/disable of part of spatial elements associated to a logical antenna port(s). This 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). 

Type 1 and Type 2 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure. 

CSI reporting enhancement on muted spatial elements patterns can be considered for assistance information feedback.

Support enhancements to UE behaviors due to 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.

The different set of ports such as 64/32/8/4 and their associated CSI-RS configurations may be determined from the hypothesis of TRX On/Off. Spatial configuration for the network energy saving may then be determined by mapping the selected TRX ports setting to an associated configuration index. The configuration index can also be used to select the best of directional beams, NZP-CSI-RS configuration and measurement reporting in reportConfig. Over a certain coherent period, whenever the network enters the energy saving mode, the corresponding spatial domain configuration can then be determined from the configuration index.

Support of light-weight mechanisms such as DCI/MAC-CE-based, that allow fast CSI-RS reconfigurations.

Techniques including conditions/criteria for UE measurements and feedback to gNB for (de)activation of antenna ports.

UE feeding back antenna muting pattern recommendations to the gNB. 

Technique #C-2: Dynamic adaptation of TRPs in mTRP 

Adaptation is categorized as type 3:

Type 3: activate/deactivate a set of spatial elements, e.g., TRP on/off, activating N1-port CSI-RS resource (set) and deactivating N2-port CSI-RS resource (set)

Type 3 may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).

Dynamic adaption of non-colocated antenna elements, such as different TRP.  

This may also include signaling of the adaptation of TRPs in mTRP, e.g. by utilizing group-level or cell common signaling.
Support enhancements to UE behaviors due to dynamic adaptation of TRPs, 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


2.1 Impact to UE operations from dynamic adaptation of spatial elements

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 TxRUs 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 TxRUs. It can be seen that the semi-static network energy saving method is transparent to UE when gNB mutes some TxRUs or ramps up the TxRUs, 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 TxRUs on/off 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.
As discussed in RAN1#110 meeting, dynamic TxRUs on/off 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 TxRUs 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. 

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 TxRUs 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 TxRUs on/off, or the timing restriction of measurements can be configured to UE to indicate that the CSI-RS transmitted before TxRUs on/off cannot be used for measurements. However, this may result in less CSI-RS for measurements, or if the TxRUs on/off 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 TxRUs on/off. Similarly, the L3 related measurements, such as PL RS measurement, may also have such problem.
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Figure 1. CSI-RS measurement with timeRestrictionForChannelMeasurements set to "notConfigured"
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 TxRUs, 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 TxRUs on/off. Similarly, radio link monitoring procedure may also have such problem.

Thirdly, dynamic TxRUs on/off 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 TxRUs 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: Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after TxRUs on/off.

Proposal 2: Threshold for beam failure recovery or radio link monitoring may be needed to update together with TxRUs on/off.

Proposal 3: Enhancements can be studied to enable adaptation of CQI, RI, or PMI calculation with TxRUs on/off.

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 TxRUs 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 4: Dynamic CSI-RS port adaptation can be studied 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 5: UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.

2.4 Draft proposal for technique aspects related to spatial domain 

Based on the discussion above, we propose the following draft for spatial domain techniques.

Proposal 6: Technique aspects related to spatial domain are summarized as follows:

	Spatial Domain Techniques

Technique #C-1: Dynamic adaptation of spatial elements

Adaptation can be further categorized into two types:

Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource.

Type 2: enable/disable of part of spatial elements associated to a logical antenna port(s). 
Type 1 and Type 2 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). 

Specification impact: CSI-RS and PL RS measurements, TCI reconfiguration, beam failure recovery, and radio link monitoring procedure. 

Type 1 and Type 2 may result in changes to logical antenna port. 
Specification impact: CSI-RS/reporting reconfiguration to the UEs for dynamic adaptation of spatial elements.
UE feeding back antenna muting pattern recommendations to the gNB. 

Specification impact: multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.


3. Network energy saving techniques in time domain 

In RAN1#110 meeting [2], potential enhancements for the time domain schemes have been identified for further study. In this section we give our consideration on time domain schemes.

	Time Domain Techniques

Technique #A-1 Adaptation of common signals and channels

Network energy saving can be realized by flexibly varying the periodicity and/or dynamically changing a transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or flexibly varying the periodicity of uplink random access opportunities.

This also include introducing light version of downlink common and broadcast signals, where for some periodicity occasion one or more common signals/channels can be skipped.

This is mainly for BS idle/inactive mode, e.g. cell deactivation without DL data transmission.

Support of burst transmission and reception of common signals and channels with more than one periodicity and/or adaptation of a burst pattern, including periodicity, are expected to potentially provide longer inactivity periods for the gNB and potentially provide higher power saving gains.

Support of [dynamic adaptation of SSB/SIB transmission or] on-demand SSBs/SIB1 transmissions or SSB/SIB1-less operations may also enable long periods of inactivity at the gNB and potentially provide energy savings.

[This may include leveraging SSB-less cell operations and potential enhancements for SSB-less cells, e.g. support SSB-less cell operation for inter-band CA. and/or support offloading system information from one cell to another for inter-band CA.]

This may include support of signals/channels to aid discovery of cells in lieu of SSBs.

This may include support of mechanism for UE to trigger on-demand SSB/SIB1 transmission for fast access/fast cell activation.

It should be noted that use of CA means the technique is only applicable to UEs in connected mode. 

[Support of scheduling enhancements for SIB1 along with a long period (rather than the period as the same as the SSB period) adaptation of CORESET 0 (e.g. in a separately configured CORESET) are expected to avoid/reduce redundant DCI transmissions within the CORESET 0 for the gNB and potentially provide higher power saving gains.]
This may include support of a long period (rather than the period as the same as the SSB period) of CORESET 0

This may include support of scheduling of SIB1 by SSB to avoid transmissions of DCIs within CORESET 0, support of the mechanism to reduce impacts on SSB and overhead

Dynamic adaptation of the periodicity of common channel/signals might have impact to the UE normal access to the network, such as initial access, and legacy UE network access.   
 Technique #A-2: Dynamic adaptation of UE specific signals and channels 

Network energy saving opportunities may be restricted by UE specific signals and channels that are semi-statically configured such as periodic or semi-persistent 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).

Reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.

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).

This may include report of UE assistance information, e.g., UE buffer status to help gNB make decisions.

Support of enhancements to synchronize the UE specific signal and channel transmission reception such that they provide longer inactivity periods at the gNB can be considered.

Support of configuration signaling of the UE specific signals and channel transmission and reception to be reduced, e.g. by utilizing UE/cell group-level or ccell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.

The impact to the UE performance by adaptation of UE specific signal/channels should be included along with the network energy saving performance results.
Technique #A-3: wake up signal (WUS) for gNB

Support of wake up of gNB that is in a dormant power state/energy saving state (e.g., SSB-less/SIB1-less/SSB relaxed state), support of wake up signal (WUS) transmitted by the UE/neighboring gNB including UEs to the gNB (e.g. the gNB/cell in dormant state or the anchor gNB/cell).

Whether UE detection of a dormant power state/energy saving state is required before WUS transmission should be identified.

Resource reserved for WUS and the assumption of the gNB receiver should be identified

This may include support of assistance information from the UEs intended to aid wake up operations by the gNBs.

This is mainly for connected mode UEs

Can be used in support of techniques #A-1 techniques #A-2 and other techniques. Exact design may depend on the supported technique.

The power model of receiving WUS is associated with the gNB receiver sensitivity of WUS decoding, which will reflect the results of UE WUS coverage area.  

Technique #A-4: Adaptation of DTX/DRX

DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.

This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.

An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
The two techniques/approaches of DTX/DRX alignment can be complementary to each other and they may be beneficial to energy savings both at the network and at the UE side.
[Reducing gNB’s activities (e.g. SSB, CG PUSCH, etc.) outside UE DRX active time may potentially provide energy saving benefits, such as SSB or SIB.]

Reduction of periodically transmitted/semi-static configured channels/signals(e.g. SSB, SIB, CG PUSCH etc.) during the longer inactivity periods (i.e. outside UE’s DRX active time).

Controlling UE DRX on/off periods for multiple DRX cycles with a single indication can potentially provide longer inactivity periods at the gNB.

This may include group level indication for, such as UE-group signaling or cell-specific signaling, UE DRX commend such as DRX enhanced command MAC CE and long DRX commend MAC CE.
Technique #A-5: Adaptation of BS inactive state

Support of gNB entering into sleep mode for a period of time along with the indication of active/inactive state, e.g., in terms of start time and duration are expected to potentially provide flexible adaptation at the gNB and can potentially provide higher power saving gains. 

This may include support of semi-static and/or dynamic gNB active/inactive state adaptation. 

This may include group common signaling for the indication of adapted active/inactive state


In the following, we will discuss the time domain schemes considering the above aspects.

The time domain power saving schemes can be categorized into the following three directions,

TD-1: Reducing transmission of common channels/signals

TD-2: Reducing transmission of UE specific channels/signals

TD-3: DTX/DRX of gNB

3.1 Discussion on reducing transmission of common channels/signals

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, the SIB1 repetition transmission period is at least 20 ms for initial cell selection. 

So gNB has to make sure SSB and SIB1 are transmitted at least every 20ms for idle UEs to access the cell. Then this signals/channels can be reduced for network power saving.

Observation 1: gNB has to make sure SSB and SIB1 are transmitted at least every 20ms for idle UEs to access the cell, enhancements can be made to reduce SSB/SIB transmission.

To reduce transmission of SSB and SIB1, there are different realization schemes,

Alt.1: Increasing repetition period of SIB1;

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

For this option, PSS and SSS are still transmitted with default periodicity, but the periodicity of PBCH and SIB1 is increased. 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 

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 2: 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 3: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.
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Figure 3. Reduced SSB/SIB1 transmission

Proposal 7: The following alternatives can be considered to reduce SSB/SIB transmission,

Alt1: Increasing repetition period of SIB1

Alt2: Increasing repetition period of PBCH and SIB1

Alt3: Increasing repetition period SSB and SIB1 

Another alternative is SSB/SIB1-less carrier. For example, the cell has no SSB and SIB1 transmission, or it has SSB, but no SIB1 transmission. In Figure.4, gNB has deployed 3 collocated carriers, e.g. CC1, CC2, CC3. To reduce gNB power consumption, CC1 and CC2 has limited common signal/channel transmission. For this example, CC2 has its own PSS/SSS, but no SIB1, so UEs can sync to CC2 by the PSS/SSS for this cell. CC3 has neither SSB nor SIB1, so for UEs with single carrier capability, they get synchronization and system information from CC1, and choose CC3 for initial random access based on some carrier selection strategy.

This case is useful because what we care now is network power saving, so we should see the operation from gNB’s perspective, rather than only focus on UE’s perspective. 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, SSB/SIB1 needs to be reduced for such carrier, regardless of whether it is Scell of one UE or the serving cell of other UEs without CA capability.

For example, as shown in Figure.4, both UE1 and UE2 works at a single carrier mode, but the carrier they get connected is not the carrier where they get system information. For such carriers, UE needs assistance information from other carriers to work with such carrier.
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Figure 4. SSB/SIB1 less cell

Proposal 8: SSB/SIB1 less carrier can be considered for single carrier option with assistance information from other carriers.

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

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 9: When reduced SSB/SIB1 transmission is introduced, the potential 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.

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 other carriers’ information and carrier selection principles for UE: Take Fig.4 as example, UE1 get SIB1 on CC1, but it needs to know information about CC2 and it also needs to know which carrier to initiate random access. So the SIB1 on CC1 should provide such information.

Proposal 10: When SSB/SIB1 less carrier is introduced, the potential specification impacts include:

Cross carrier synchronization for single carrier operation

System information enhancement to provide other carriers’ information and carrier selection principles for UE

3.2 Discussion on reducing transmission of UE specific channels/signals

According to previous discussion [3], reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.

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).

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. 

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 11: The potential specification enhancement of reducing transmission of UE specific channels/signals includes: 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 DTX/DRX of gNB
DRX has been introduced for UEs since LTE, UE can get sleep during DRX period, and only wake up for detecting possible PDCCH scheduling during active period. Without DRX, UEs have to do blind decoding continuously which consumes unnecessary power when there is no effective scheduling, since they do not know whether they are actually scheduled or not.  

However, the C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE. In this case, gNB has to schedule different UEs on different time periods, and the time left for its sleeping will be limited. 

Here we will study solution that can create more inactive time for gNB. So the potential solution to reduce gNB active time is to introduce DTX/DRX for gNB. During the inactive duration, gNB does not need to transmit or receive periodic signals/channels, such as common channels/signals or UE specific signals/channels, then the power consumption can be reduced.

To realize DTX/DRX for gNB, the potential enhancements include:

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.5. 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 5. 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 12: The potential specification enhancements of DTX/DRX of gNB include: 

Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration.

Defining DTX/DRX pattern for gNB.

Wake up signal (WUS) for gNB, including how to provide WUS configuration, such as by RRC release information or by neighboring gNB, and also the wake up related procedure.

3.4 Draft proposal for technique aspects related to time domain 

Based on the discussion above, we propose the following draft for time domain techniques.

Proposal 13: Technique aspects related to time domain are summarized as follows:
	Time Domain Techniques

Technique #TD-1: Reducing transmission of common channels/signals

Techniques description: SSB and SIB1 are transmitted with a default period, such as 20ms, the power consumption of gNB can be reduced by increasing the periodicity of common channels/signals, such as SSB, SIB1 PDCCH/PDSCH or by introducing SSB/SIB1-less cell. The following alternatives can be considered to reduce SSB/SIB1 transmission,

TD1-1: Increasing the periodicity of common channels/signals can be realized by,
Alt1: Increasing repetition period of SIB1

Alt2: Increasing repetition period of PBCH and SIB1

Alt3: Increasing repetition period SSB and SIB1.

Specification impacts:
Adapting the repetition periods of common channels/signals

On-demand triggering of common channels/signals, including the triggering signaling design, and the triggering procedure.
TD1-2: SSB/SIB1 less carrier for single carrier operation, with assistance information from other carriers

Specification impact:

Cross carrier synchronization for single carrier operation

System information enhancement to provide other carriers’ information and carrier selection principles for UE
Technique #TD-2: Reducing transmission of common channels/signals
Techniques description: reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.

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).

Specification impact:

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.

Technique #TD-3:DTX/DRX of gNB
Techniques description: DTX/DRX can be introduced for gNB to provide inactive opportunity. During the inactive duration, gNB does not need to transmit or receive periodic signals/channels, such as common channels/signals or UE specific signals/channels, then the power consumption can be reduced.
Specification impact:

Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration.

Defining DTX/DRX pattern for gNB.

Wake up signal (WUS) for gNB, including how to provide WUS configuration, such as by RRC release information or by neighboring gNB, and also the wake up related procedure.


4. Network energy saving techniques in frequency domain 

In RAN1#110 meeting [2], potential enhancements for the frequency domain schemes have been identified for further study. In this section we give our consideration on frequency domain schemes.
	Frequency Domain Techniques

Technique #B-1: Multi-carrier energy savings enhancements

The gNB can achieve potential energy savings from operating SCells without or with reduced transmission and reception of periodic signals and channels such as SSB, SI, and CSI-RS for mobility measurements, PRACH, paging, etc.

This may include support of mechanism for UE to trigger normal SSB/SIB1 transmission on a SCell for fast access if the SCell, it can not share synchronization with PCell.

This may include leveraging SSB-less cell operations and potential enhancements for SSB-less cells, e.g. support SSB-less cell operation for inter-band CA, and support offloading system information from one cell to another for inter-band CA.

Currently both Intra-band CA and Inter-band CA scenarios are assumed. In case, the intra-band CA cases are already supported by current specification, then the inter-band CA cases are the focus. 

Moreover, 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.

To facilitate leveraging of lean SCells, potential enhancements to provide time and frequency synchronization, and other measurement sources by another cell can be considered.

Common signaling to a group of the UEs of PCell change
Ability to quickly activation and deactivation of  CC, for example, based on on-demand RS, aperiodic RS, UE request, and L1 response or dynamically switch PCell is expected to potentially provide energy savings at the network.

Hardware architecture needs to be carefully considered. For shared hardware components among carriers, switching off or disable one of the carriers may not bring benefits to the network energy saving, since the shared hardware components are still utilized by other active carriers.

Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier

Enhancements to enable UE group-common or cell-specific BWP configuration and/or switching may lower signaling overhead and operational cost (e.g. signaling overhead) for adaptation of BWPs of UE(s) and potentially improve gNB power consumption.

Reducing the BW adaptation delays for Rel18 UEs

Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 
Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP reduces the latency and lowers the signaling overhead.


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.
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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 

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 does’s 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. 

Proposal 14: Inter-band Scell with reduced SSB or SSB-less can be studied to reduce power consumption of gNB.

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 [4], 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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Figure 7. SCell activation procedure
Proposal 15: 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 16: 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. The indication signaling can be transmitted on Pcell. 

Proposal 17: 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 18: 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 19: To realize offloading before RRC connected mode for common Pcell, initial access by Scell can be studied. 

4.3 Draft proposal for technique aspects related to frequency domain 

Based on the discussion above, we propose the following draft for frequency domain multi-carrier techniques.

Proposal 20: Technique aspects related to frequency domain multi-carrier scenario are summarized as follows:

	Frequency Domain Techniques

Technique #FD-1: Multi-carrier energy savings enhancements

Techniques description: SCells without or with reduced periodic signals and channels  transmission such as SSB can provide power reduction gain.
Intra-band CA with SSB-less Scell is already supported, but can be additional enhanced for further power saving, such as fast activation/de-activation.
Inter-band CA with SSB-less or reduced SSB Scell.
Specification impact:

Fast activation/de-activation of Scell.

On-demand triggering of normal SSB for fast scheduling on Scell

Adaption of Pcell or monitored Scell for fast turning off carriers

Initial access from Scell to offload initial access pressure on Pcell


5. Network energy saving techniques in power domain 

In RAN1#110 meeting [2], potential enhancements for the adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB has been identified for further study. In this section we give our consideration on power domain schemes.
	Power Domain Techniques

Technique #D-1: Adaptation of transmission power of signals and channels

Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 

Support of signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS are expected to provide adaptation of flexible power ratio values and potentially reduce overhead, e.g. by utilizing group-level or cell common signaling.
This may include enhancements on CSI-RS based measurements, such as beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure

The transmission bandwidth may be adapted jointly with transmission power to keep the similar reception performance.

Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information, e.g, CSI reporting, power adjustment indication, etc.

Dynamic adaptation of power offset(s) between PDSCH and CSI-RS.

The linear reduction of PAE (power added efficiency) when Tx power reduction should be included in the scaling of the power model.  

Technique #D-2: enhancements to [gNB digital pre-distortion] and UE post-distortion

Transmission energy efficiency at the network can be potentially improved with use of [enhanced over the air digital pre-distortion at the gNB and/or] post-distortion at the UE. 

Whether and how much improvement of the PAE (power-added efficiency) should be disclosed.

In gNB digital pre-distortion over the air, the UEs assist the gNB in reducing nonlinear impairments introduced by the PA, by processing (e.g., calculation of the cross correlation of received signal after applying non-linear kernels) and reporting the information needed for gNB digital pre-distortion, on training signals

In UE post-distortion, the gNB assist the UE in reducing nonlinear impairments introduced by its PA (e.g., non-linear equalization stage that will “invert” the non-linearity), by sending RS signal at low periodically or some signaling to the UE.

Technique #D-3: adaptation of transceiver processing algorithm

Transmission energy efficiency at the network can be potentially improved with use of techniques such as channel aware tone reservation that decrease PAPR.

The UE must be notified of the sub-carriers carrying the TR signal, as using existing patterns (e.g., CSI-RS) is not practical

gNB may opt to use different transceiver processing algorithms, e.g. different receive filtering, different transmitter digital pre-distortion methods, etc,, including some that may favor lower power consumption at the expense of degraded system performance. For example, disabling use of DPD that would potentially increase out of band emissions or tx EVM, but would potentially conserve transmitter power consumption. Different transceiver processing algorithms at the gNB should be transparent to the UE.

Power model for the scaling of different transceiver processing algorithm should be provided with justification.

Technique #D-4: PA Input Power Bias ("input backoff”) Adaptation 

Technique(s) allowing to modify/reduce the input power bias (“input power backoff”) in cases of no or very low load in the cell and in neighbor cells. 

The PA energy consumption consists around ~70 % of the energy consumed at the BS. 

The majority of this energy consumed at the PA is due to the input power bias (“backoff”).

In some cases, especially when the cell and neighbor cells are almost empty, reducing this input power bias (“backoff”) results in significantly lower energy consumption. 

This input power bias adaptation results in lower output PAPR, which is translated into some in band and out of band emissions being generated. 

With appropriate signal processing techniques, it is possible to “steer” the unwanted emissions either to the in-band signal or out-of-band. 

With suitable base station coordination and by steering the unwanted emissions onto carrier frequencies in which their impact can be traced, it is possible to avoid any eventual impact onto UEs in the cell or in neighbor cells. 

In general, this technique is activated only in case of zero or very low load in the cells; hence, the expectation is that no UEs will be affected by the generated in-band or out-of-band emissions.

The effect of PAE to the scheme should be disclosed.


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

Proposal 21: To reduce initial access impact for legacy UEs, SSB transmission with lower power for some occasions can be considered.
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. 

Proposal 22: Dynamic indication of powerControlOffsetSS can be applied for the adaptation of CSI-RS transmission power.

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 23: Dynamic indication of powerControlOffset can be applied for the adaptation of PDSCH transmission power.

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 24: CSI reporting enhancement can be considered for gNB to adjust DL transmission power.

5.2 Draft proposal for technique aspects related to power domain 

Based on the discussion above, we propose the following draft for power domain techniques.

Proposal 25: Technique aspects related to power domain are summarized as follows:

	Power Domain Techniques

Technique #D-1: Adaptation of transmission power of signals and channels

Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 

Specification impact: signaling of SSB transmission power pattern, signaling of modified power ratio between CSI-RS and PDSCH or between SSB and CSI-RS to provide adaptation of flexible power ratio values.
Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information. 
Specification impact: multiple CSIs in one CSI reporting to feedback DL transmission power recommendations to gNB.


6. Conclusion

Based on the above discussions, the proposals are as follows:
Spatial domain:
Proposal 1: Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after TxRUs on/off.

Proposal 2: Threshold for beam failure recovery or radio link monitoring may be needed to update together with TxRUs on/off.

Proposal 3: Enhancements can be studied to enable adaptation of CQI, RI, or PMI calculation with TxRUs on/off.

Proposal 4: Dynamic CSI-RS port adaptation can be studied for semi-static and periodic CSI-RS.

Proposal 5: UE reports multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.

Proposal 6: Technique aspects related to spatial domain are summarized as follows:

	Spatial Domain Techniques

Technique #C-1: Dynamic adaptation of spatial elements

Adaptation can be further categorized into two types:

Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource.

Type 2: enable/disable of part of spatial elements associated to a logical antenna port(s). 
Type 1 and Type 2 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). 

Specification impact: CSI-RS and PL RS measurements, TCI reconfiguration, beam failure recovery, and radio link monitoring procedure. 

Type 1 and Type 2 may result in changes to logical antenna port. 
Specification impact: CSI-RS/reporting reconfiguration to the UEs for dynamic adaptation of spatial elements.
UE feeding back antenna muting pattern recommendations to the gNB. 

Specification impact: multiple CSIs in one CSI reporting to feedback antenna muting pattern recommendations to gNB.


Time domain:

Observation 1: gNB has to make sure SSB and SIB1 are transmitted at least every 20ms for idle UEs to access the cell, enhancements can be made to reduce SSB/SIB transmission.

Observation 2: 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 3: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.

Proposal 7: The following alternatives can be considered to reduce SSB/SIB transmission,

Alt1: Increasing repetition period of SIB1

Alt2: Increasing repetition period of PBCH and SIB1

Alt3: Increasing repetition period SSB and SIB1 

Proposal 8: SSB/SIB1 less carrier can be considered for single carrier option with assistance information from other carriers.

Proposal 9: When reduced SSB/SIB1 transmission is introduced, the potential 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 10: When SSB/SIB1 less carrier is introduced, the potential specification impacts include:

Cross carrier synchronization for single carrier operation

System information enhancement to provide carrier info and carrier selection principles for UE

Proposal 11: The potential specification enhancement of reducing transmission of UE specific channels/signals includes: 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 12: The potential specification enhancements of DTX/DRX of gNB include: 

Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration.

Defining DTX/DRX pattern for gNB.

Wake up signal (WUS) for gNB, including how to provide WUS configuration, such as by RRC release information or by neighboring gNB.

Proposal 13: Technique aspects related to time domain are summarized as follows:
	Time Domain Techniques

Technique #TD-1: Reducing transmission of common channels/signals

Techniques description: SSB and SIB1 are transmitted with a default period, such as 20ms, the power consumption of gNB can be reduced by increasing the periodicity of common channels/signals, such as SSB, SIB1 PDCCH/PDSCH or by introducing SSB/SIB1-less cell. The following alternatives can be considered to reduce SSB/SIB1 transmission,

TD1-1: Increasing the periodicity of common channels/signals can be realized by,
Alt1: Increasing repetition period of SIB1

Alt2: Increasing repetition period of PBCH and SIB1

Alt3: Increasing repetition period SSB and SIB1.

Specification impacts:
Adapting the repetition periods of common channels/signals

On-demand triggering of common channels/signals, including the triggering signaling design, and the triggering procedure.
TD1-2: SSB/SIB1 less carrier for single carrier operation, with assistance information from other carriers

Specification impact:

Cross carrier synchronization for single carrier operation

System information enhancement to provide other carriers’ information and carrier selection principles for UE
Technique #TD-2: Reducing transmission of common channels/signals
Techniques description: reducing the number of time occasions for the following resources during periods of low activity may potentially provide energy saving benefits.

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).

Specification impact:

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.

Technique #TD-3:DTX/DRX of gNB
Techniques description: DTX/DRX can be introduced for gNB to provide inactive opportunity. During the inactive duration, gNB does not need to transmit or receive periodic signals/channels, such as common channels/signals or UE specific signals/channels, then the power consumption can be reduced.
Specification impact:

Mechanisms to align C-DRX configuration of UE, such as signaling design to align the C-DRX configuration.

Defining DTX/DRX pattern for gNB.

Wake up signal (WUS) for gNB, including how to provide WUS configuration, such as by RRC release information or by neighboring gNB, and also the wake up related procedure.


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 SSB-less Scell.

Proposal 14: Inter-band Scell with reduced SSB or SSB-less can be studied to reduce power consumption of gNB.

Proposal 15: DCI based Scell activation/de-activation can be introduced for intra-band SSB-less Scell scenario. 

Proposal 16: Mechanisms to trigger normal SSB/SIB1 on demand should be studied for inter-band Scell with reduced SSB/SIB1 scenario.

Proposal 17: Dynamic indicating of activated Scells can be studied to reduce gNB power consumption.
Proposal 18: Dynamic Pcell change can be studied to support fast carriers on/off.
Proposal 19: To realize offloading before RRC connected mode for common Pcell, initial access by Scell can be studied. 

Proposal 20: Technique aspects related to frequency domain multi-carrier scenario are summarized as follows:

	Frequency Domain Techniques

Technique #FD-1: Multi-carrier energy savings enhancements

Techniques description: SCells without or with reduced periodic signals and channels  transmission such as SSB can provide power reduction gain.
Intra-band CA with SSB-less Scell is already supported, but can be additional enhanced for further power saving, such as fast activation/de-activation.
Inter-band CA with SSB-less or reduced SSB Scell.
Specification impact:

Fast activation/de-activation of Scell.

On-demand triggering of normal SSB for fast scheduling on Scell

Adaption of Pcell or monitored Scell for fast turning off carriers

Initial access from Scell to offload initial access pressure on Pcell


Power domain

Proposal 21: To reduce initial access impact for legacy UEs, SSB transmission with lower power for some occasions can be considered.
Proposal 22: Dynamic indication of powerControlOffsetSS can be applied for the adaptation of CSI-RS transmission power.

Proposal 23: Dynamic indication of powerControlOffset can be applied for the adaptation of PDSCH transmission power.

Proposal 24: CSI reporting enhancement can be considered for gNB to adjust DL transmission power.

Proposal 25: Technique aspects related to power domain are summarized as follows:

	Power Domain Techniques

Technique #D-1: Adaptation of transmission power of signals and channels

Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 

Specification impact: signaling of SSB transmission power pattern, signaling of modified power ratio between CSI-RS and PDSCH or between SSB and CSI-RS to provide adaptation of flexible power ratio values.
Network energy savings could be potentially obtained by transmission power adaptation with UE feedback information. 
Specification impact: multiple CSIs in one CSI reporting to feedback DL transmission power recommendations to gNB.
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