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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


In this contribution, we will discuss the network energy saving techniques in time, frequency, spatial, and power domains.

2. Network energy saving techniques in spatial domain 

In RAN1#109e meeting [2], potential enhancements for the adaptation of number of spatial elements of the gNB has been agreed for further study.

	Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:

Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)

impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,

feedback/assistance information from the UE required for support dynamic spatial element adaptation

for example, CSI measurement and reports, SR, etc

signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation

for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.

dynamic TRxP adaptation;

study of triggering on/off conditions for TRxP(s)

note this may not have specification impact and could potentially be up to network implementation.

study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE

dynamic logical port adaptation and efficient port reconfigurations

study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)

study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  

Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss

grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following

grouping of users in spatial domain


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.
However, dynamic TxRUs on/off may 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 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, if gNB turns off some TxRUs and leads to the transmission power backoff, whether it will have impact on cell (re)selection or handover, especially for cell-edge UEs, can be further studied.

Observation 1: When gNB mutes some TxRUs for network energy saving, the corresponding PAs and antenna elements are also turned off, which may lead to power backoff of signal transmission, including SSB, CSI-RS, PDSCH, etc.
Proposal 1: Enhancements on CSI-RS or PL RS measurements can be studied when measuring before and after TxRUs on/off.

Proposal 2: Enhancements on threshold for beam failure recovery or radio link monitoring procedure can be studied together with TxRUs on/off.

Proposal 3: The impacts on cell (re)selection or handover can be studied due to TxRUs on/off.

Besides, 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 4: Enhancements can be considered 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, to reduce 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 5: MAC CE or DCI can be used for dynamic CSI-RS port adaptation.

2.3 Feedback/assistance information from the UE required for support dynamic spatial element adaptation

Potential feedback from UE to provide assistance information can be considered for network energy saving. On one hand, UE transmits wake up signal for gNB to wake-up from sleeping modes. On the other hand, additional assistance information can be considered to provide suggested network energy saving scheme for gNB, CSI reporting enhancement can be considered for assistance information feedback, which ensures the performance of UE while achieving network energy saving gain.

Proposal 6: CSI reporting enhancement can be considered for assistance information feedback.

3. Network energy saving techniques in time domain 

The following agreements about time domain techniques have been agreed during last RAN1 meeting, it can seen that for time domain schemes, single carrier schemes are considered. In this section we will mainly discuss the reducing/adapting transmission/reception of common channels/signals and adaption of C-DRX configuration.
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3.1 Discussion on reducing/adapting 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, the 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. 

Reducing transmission of common channels/signals 

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

Reduced SIB1 transmission by increasing repetition period of SIB1;

For this option, UE can find the cell by searching SSB, but it needs more time to get SIB1, as show in Figure.3. 

Reduced PBCH and SIB1 transmission

For this option, UE can get sync with the cell, but it can not detect PBCH for some occasions. Similarly as above option, if it wants to combine PBCHs in different occasions to improve detection performance, only noise and interference will be combined for some occasions, resulting in even poorer performance.

Reduced SSB and SIB1 transmission 

For this option, as shown in Figure.3, if UE set a 20ms window to get SSB for each sync raster, it may fail to find the cell, and if it want 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. 

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. 
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Figure 3. Reduced SSB/SIB1 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.

Proposal 7: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.

To reduce the impact for legacy UEs, the occassions which are muted for SSB transmission in Figure.3 can keep SSB transmission but with a lower power. For example, in Figure.4, 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 4. SSB transmission with different power on different occasions

Proposal 8: To reduce initial access impact for legacy UEs, SSB transmission with lower power for some occasions can be considered.
Adapting transmission 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. However, for some UEs that have strict initial access latency requirement, mechanisms for UE to trigger SSB/SIB1 transmission should be studied.

Proposal 9: When reduced SSB/SIB1 transmission is introduced, mechanisms for UE to trigger SSB/SIB1 transmission should be studied.    

3.2 Discussion on adaption of UE C-DRX

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 can has to schedule different UEs on different time periods, and the time left for its sleeping will be limited. 

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 Figure 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

Proposal 10: Schemes to realize dynamic alignment of C-DRX configuration can be studied for gNB power saving.
4. Network energy saving techniques in frequency domain 

The following agreements about frequency domain techniques have been agreed during last RAN1 meeting, it is categorized into single carrier and multi-carrier schemes. 
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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. 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 Figure 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 3: The power saving gain of dynamic cell specific or group common BWP adaption depends on implementation. 

4.4 Discussion on multi-carrier frequency domain enhancement 

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

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. However, 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 4: 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. 

Another benefit of such intra-band SSB-less scheme is fast activation for Scell. According to the discussion for R17 efficient SCell activation/de-activation[3], 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 5: Fast activation/de-activation of Scell can be acheived along with intra-band SSB-less Scell.
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Figure 7 SCell activation procedure
Proposal 11: DCI based Scell activation/de-activation can be introduced for intra-band SSB-less Scell scenario. 

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/SIB1: 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. For inter-band Scell with reduced SSB case, the network should make sure to response to UE in time, so mechanisms to trigger normal SSB/SIB1 on demand should be studied. 

Proposal 12: Inter-band Scell with reduced SSB/SIB1 can be studied to reduce power consumption of gNB.

Proposal 13: Mechanisms to trigger normal SSB/SIB1 on demand should be studied for inter-band Scell with reduced SSB/SIB1 scenario.

From gNB size, when SSB-less schemes including both no SSB on Scell or reduced SSB/SIB1 on Scell is introduced, if the Pcell of UEs are distributed on different carriers, then all the Pcells need to transmit normal SSB/SIB1, the power saving can not be acheived. 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 Figure.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 Figure.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 14: To realize offloading before RRC connected mode for common Pcell, initial access by Scell can be studied. 

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 15: Dynamic indicating of activated Scells can be studied to reduce gNB power consumption.

On the other hand, Pcell can still 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 them 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 16: Dynamic Pcell change can be studied to support fast carriers on/off.
5. Network energy saving techniques in power domain 

In RAN1#109e meeting [2], potential enhancements for the adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB has been agreed for further study.

	Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:

dynamic adjustment of transmission power

including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.

studying potential UE feedback/assistance information for adjustment of transmission power

studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement

studying geographical area/user density to adjust the transmission power

adaptation of gNB transceiver algorithms and processes to improve power efficiency: 

including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;

for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation

impact to UE implementation and power consumption should be considered

tone reservation techniques (to improve PAPR and power efficiency);

It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579


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. From our perspective, 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 evaluated to maintain the cell coverage.

Proposal 17: Adaptation of SSB transmission power should be carefully evaluated to maintain the cell coverage.

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 18: Dynamically indication the value 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 ratio of PDSCH EPRE to DM-RS EPRE is specified in TS 38.214, however, the EPRE of PDSCH and PDSCH DMRS also depends on the number of scheduled PRBs over the operating BW based on gNB practically implementation. 

Observation 6: The EPRE of PDCCH and PDSCH depends on the gNB implementation algorithm.

Proposal 19: Dynamically indication of PDCCH and PDSCH transmission power is not needed.

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

6. Conclusion

Based on the above discussions, the proposals are as follows:
Spatial domain:

Observation 1: When gNB mutes some TxRUs for network energy saving, the corresponding PAs and antenna elements are also turned off, which may lead to power backoff of signal transmission, including SSB, CSI-RS, PDSCH, etc.
Proposal 1: Enhancements on CSI-RS or PL RS measurements can be studied when measuring before and after TxRUs on/off.

Proposal 2: Enhancements on threshold for beam failure recovery or radio link monitoring procedure can be studied together with TxRUs on/off.

Proposal 3: The impacts on cell (re)selection or handover can be studied due to TxRUs on/off.

Proposal 4: Enhancements can be considered to enable adaptation of CQI, RI, or PMI calculation with TxRUs on/off.

Proposal 5: MAC CE or DCI can be used for dynamic CSI-RS port adaptation.

Proposal 6: CSI reporting enhancement can be considered for assistance information feedback.
Time domain:

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.

Proposal 7: Reducing SSB/SIB1 transmission for single carrier case can be considered for new deployment with only new UEs.

Proposal 8: To reduce initial access impact for legacy UEs, SSB transmission with lower power for some occasions can be considered.
Proposal 9: When reduced SSB/SIB1 transmission is introduced, mechanisms for UE to trigger SSB/SIB1 transmission should be studied. 

Proposal 10: Schemes to realize dynamic alignment of C-DRX configuration can be studied for gNB power saving.
Frequency domain:

Observation 3: The power saving gain of dynamic BWP adaption depends on implementation 

Observation 4: The absolute value of power gain depends on gNB implementation, at least the transmit power for such symbols on Scell can be reduced. 

Observation 5: Fast activation/de-activation of Scell can be acheived along with intra-band SSB-less Scell.

Proposal 11: DCI based Scell activation/de-activation can be introduced for intra-band SSB-less Scell scenario. 

Proposal 12: Inter-band Scell with reduced SSB/SIB1 can be studied to reduce power consumption of gNB.

Proposal 13: Mechanisms to trigger normal SSB/SIB1 on demand should be studied for inter-band Scell with reduced SSB/SIB1 scenario.

Proposal 14: To realize offloading before RRC connected mode for common Pcell, initial access by Scell can be studied. 
Proposal 15: Dynamic indicating of activated Scells can be studied to reduce gNB power consumption.

Proposal 16: Dynamic Pcell change can be studied to support fast carriers on/off.
Power domain:

Observation 6: The EPRE of PDCCH and PDSCH depends on the gNB implementation algorithm.

Proposal 17: Adaptation of SSB transmission power should be carefully evaluated to maintain the cell coverage.
Proposal 18: Dynamically indication the value of powerControlOffsetSS can be applied for the adaptation of CSI-RS transmission power.

Proposal 19: Dynamically indication of PDCCH and PDSCH transmission power is not needed.

Proposal 20: CSI reporting enhancement can be considered for gNB to adjust DL transmission power.
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Agreement


Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:


potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;


potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals


potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.


semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:


Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request


enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)


signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration


support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;


dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner


Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities


including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal


including technique to allow discovery and measurement of cells in sleep or dormant states


UE assistant information facilitating BS time domain adaptation


Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.








Agreement


Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:


For operations with single-carrier or within a single CC


Enhancements to dynamic bandwidth adaptation


including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density


supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism


Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH


For operation with multi-carrier


enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations


including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement


including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.


Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations


enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching


including triggering conditions and methods for signaling activation/deactivation


including UE group common dynamic Pcell switching











