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Introduction
[bookmark: _Hlk66110521]The following agreements have been endorsed in RAN1#109-e.
	Agreement in RAN1#109-e
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) 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
b) 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.
c) 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
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) 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
g) 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 in RAN1#109-e
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) 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
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) 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
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching

Agreement in RAN1#109-e
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) 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)
b) 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.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) 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 reconfiguration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) 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  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain
Agreement in RAN1#109-e
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:
a) 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
b) 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
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Agreement in RAN1#109-e
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE


This contribution provides study on the time, frequency, spatial, and power domains upon the above agreements.
Time domain
Common signal reduction
SSB reduction
For SSB reduction, R1-2204687 reports a BS can save 43% of power consumption when the time domain positions of the transmitted SS-blocks decreases from 8 to 4 in a half frame. Assume there is no DL traffic and BS only sends SSBs every 20ms. However, it loses a beamforming gain of 1.84 dB.
In NR, the number of transmitted SSBs is by ssb-PositionsInBurst in SIB1. However, any update of SIB1 requires SI change indication, which could be in any paging occasion monitored by UE every DRX cycle or at least once per modification period. In this case, legacy UE may not adapt to any dynamic SSB changes on time.
In Rel-18, common signal reduction such as the SSB number reduction and SSB period extension can be used only when a cell is deactivated. The deactivated cell may only broadcast fewer SSB per half frame with a longer period to save BS power and to be discovered by UEs.
SSB reduction from 8 to 4 in a half frame may save 43% BS power in the idle traffic. However, legacy UEs cannot support the dynamic adaption of SSB configurations.
In NR, CONNECTED UEs monitor SI change indication at least once per modification period, and IDLE or INACTIVE UEs monitor SI change indication every DRX cycle on any paging occasion.
Reducing SSB transmission can be used as a discovery signal when a cell is deactivated, i.e., no DL transmission except SSB.

RACH occasion reduction
For PRACH occasion reduction, we evaluate a typical PRACH configuration referred to as RRM test configuration given by A.3.8.2.1 FR1 PRACH configuration one from TS 38.133. The evaluation considers the following two cases: 1) RO period of 10ms and 2) RO period of 20ms, under the following two assumptions: a) gNB can turn off DL PA during UL reception, and b) gNB cannot turn off DL PA during UL reception. 
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Figure 1: illustration of timeline for PRACH occasion evaluations 
In the frequency domain, the PRACH occupies 3 Resource Blocks (RBs) when the PRACH subcarrier spacing is 1.25 kHz, the PUSCH subcarrier spacing is 30 kHz, and one PRACH occasion FDM in one instance (msg1-FDM = 1). Reusing the RU scaling, we determine the UL power consumption as 25 x (0.4 + 0.6 x (0.01-20)/80) = 6.4 [W].
If DL and UL have shared components, gNB may not turn DL components entirely off. The shared DL components take additional BS power consumption for gNB to monitor the UL slot. As a result, RO per 20ms (case 2) saves 12.4% of BS power consumption, compared to RO per 10ms (case 1) as the typical configuration. 


Figure 2: BS power consumption for RO per 10ms (case1) and per 20ms (case 2)
However, the PRACH configuration has an impact on the handover latency. According to TS 38.133, the delay in acquiring the first available PRACH in target (TIU) is 10 + (PRACH period/2) ms. As the PRACH period increases from 10ms to 20ms, the TIU increases from 15ms to 20ms. The handover delay increases from 75ms to 80ms at 6.7%.
In NR, like SSB adaption, any change of PRACH configuration needs SI change indication, making dynamic change difficult for legacy UEs. In Rel-18, PRACH monitoring reduction can be used when a small cell is deactivated.
Monitoring RACH occasions per 20ms than 10ms saves 12.4% of BS power consumption in idle traffic. However, dynamic RACH occasion change will be difficult for legacy UEs.
Long RACH occasion period can be configured for a sleeping cell, i.e., no DL transmission except (long period) SSB.

Dynamic adaptation for periodic UL
Suppose the SSB period is 20ms with no DL traffic and no SIB1, and the TDD pattern is DDDSU. UL reception is needed for UL slots before deactivation. The following scenarios are compared given a 20ms duration of 40 slots with SCS = 30 kHz.
· Case 1: Suppose gNB uses an RRC-based deactivation, and UE takes 10ms to deactivate. In this case, gNB needs to monitor additional 10ms after sending the deactivation.
· Case 2: When gNB applies a DCI-based deactivation, UE may take 1ms to deactivate. gNB monitor additional 1ms after sending the deactivation.
Figure 1 illustrates the timeline used to evaluate the cases. After a gNB sends a deactivation, in case 1, the gNB needs to monitor UL reception occasions with an additional 10ms for RRC reconfiguration. In case 2, the gNB needs to monitor UL occasions with 1ms for DCI-based deactivation. 
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[bookmark: _Ref106264706][bookmark: _Ref106264702]Figure 3: evaluation timeline for RRC-based and DCI-based adaptation for a periodic UL
If DL and UL share power-hungry components, some DL components take additional BS power consumption for gNB to monitor the UL slots. Suppose BS has full BW UL reception every 5ms. We observed 15.4% BS power saving gains for DCI-based (case 2) compared to RRC-based (case 1) deactivation.

Figure 4: dynamic UL deactivation when BS monitors full-BW UL data every 5ms
However, NR has supported Semi-Persistent (SP) or Aperiodic (AP) procedures for most periodic procedures. If there is any need for early termination, gNB can configure SP or AP procedures rather than periodic procedures.
DCI-based deactivation for period UL procedures saves 15.4% of BS power consumption than RRC-based deactivation. BS monitors UL reception every 5 ms after sending the deactivation. 
Dynamic adaptation of period UL is beneficial to BS power savings. However, NR supports type-2 CG PUSCH, AP/SP SRS, and AP/SP CSI reports providing sufficient flexibility.
Dynamic adaptation for periodic UL can be up to gNB implementation.

Dynamic BS node on/off
Cell reselection enhancement
R1-2204687 reports dynamic BS node on/off saves 69% BS energy if NW deactivates six from seven active BSs. However, it may cost 7 dB of additional UE TX power in FR1 and 11% of VoIP dropping rate in FR2.
In NR, a small cell may have PCell and SCell UEs. Before turning it off, BS may offload PCell and SCell UEs. For SCell UEs, SCell deactivation can be done by SCell Activation/Deactivation MAC CE. For PCell UEs, it is not straightforward.
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Figure 5: a cell consisting of PCell UEs and SCell UEs.
Before turning off a cell, BS may offload PCell UEs via 1) handing over connected UEs to another active cell, 2) releasing RRC connection for the connected UE to perform cell selection, and 3) triggering cell reselection for the idle UE that camps normally. BS can inform UEs in time for CONNECTED UEs, but it is complicated for IDEL UEs. 
In NR, IDLE UE may measure the SS-RSRP and SS-RSRQ of the serving cell to evaluate criterion S per DRX cycle. If NW turns off the serving cell, UE may wait for another DRX-cycle of 1.28s to determine whether to trigger cell reselection. 
In Rel-18, it could be beneficial if UE could receive assistant information about when cells will stop serving. The assistant information could trigger cell reselection for IDLE UE in time.
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Figure 6: Illustration of triggering cell reselection for IDLE UEs.
BS may not trigger cell reselection for an IDLE UE camping on a cell before BS turns off the cell (without cellBarred) because cell reselection is based on RSRP and RSRQ measurement.
For dynamic BS on/off, enhancement on cell reselection for IDLE UE can be FFS.

BS wake-up request
Consider a heterogeneous network scenario, where NW deploys multiple capacity booster cells and a candidate cell. NW may turn off a capacity booster cell for NWES when the traffic is low.
However, when traffic is back to high, NW may need to turn on one or multiple capacity booster cells. In this case, UE may provide additional information for NW to turn on a proper capacity booster cell.
Suppose a sleeping cell turns DL transmission off, but UL reception remains working. A sleeping cell may monitor PRACH preambles from UEs if the candidate cell shares the RACH configuration. If the sleeping cell detects some PRACH preamble, NW may know some UEs are likely around the sleeping cell. This information could be beneficial for NW to determine whether to wake up the sleeping cell. 
In NR, the candidate cell may request UE to send a PRACH preamble via PDCCH-order-based CFRA or CBRA, which could provide additional information for NW to determine whether to wake up (activate) the sleeping cell.  
For Rel-18, potential enhancement for PDCCH-order-based CFRA/CBRA can be considered, e.g., whether gNB could request UE sending multiple beam directions to facilitate NW monitoring the traffic load and predicting UE location. 
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Figure 7: a heterogeneous NW scenario with candidate and capacity boost cells
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Figure 8: monitor the traffic load of candidate cells via UE
Monitoring PRACH preamble for a sleeping cell, e.g., a deactivated small cell, is beneficial for NW to determine whether to turn on/off a BS. 
For dynamic BS on/off, enhancement on PDCCH-order-based RA can be used as a BS wake-up request.

Dynamic adaptation of UE C-DRX
R1-2204687 reports that the UE-group C-DRX configuration shows a 26% BS energy saving and has a limited UE impact on latency and UE power consumption. It is assumed UEs in the cell are based on the VoIP traffic model.
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Figure 9: dynamic adaption of UE-group C-DRX configurations
In NR, gNB may align DRX on durations by RRC reconfiguration. For RRC reconfiguration, gNB could reconfigure DRX via UE-specific RRC messages to align DL transmission timing and durations for a cell or a UE group. 
However, there are two limits. 1) RRC procedure takes 10ms for UE to process, which degrades the time flexibility for BS to enter a sleep mode. 2) a dedicated RRC message is an inefficient way to broadcast DRX adaptation to a group of UEs, leading to additional energy consumption.
For R18 NWES, some enhancement on group-common DCI could be considered, e.g., gNB may provide preconfigured DRX offset values via RRC and activate one of them via UE-group common DCI.
DRX reconfiguration can align DL traffic, but the RRC processing delay will be up to 10ms.
NW may provide preconfigured DRX offset values via RRC and activate one of them via UE-group common DCI.

Frequency domain
BWP switch delay
In RAN1#109-e, companies have agreed to FFS to reduce the BWP switch dealy. However, according to TS 38.133, NR has already supported a fast BWP switch, quoted below.
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The above table shows BWP switch delay for DCI and timer-based BWP switch delay on a single CC. For a capable UE, the BWP switch delay can be 1ms for 15kHz SCS, which seems to address companies’ concerns about the slow BWP switch.
NR has supported a fast BWP switch, e.g., 1ms for 15kHz SCS, based on UE capability.
A study on reducing BWP switch delay may NOT be needed for Rel-18 NWES.

SCell deactivation and traffic offload
When a gNB operates two active carrier components (CCs) with low traffic load, e.g., 15% of resource utilization (RU) on each CC, the gNB could offload the traffic load to one CC and turn another CC off. The following scenarios and cases are evaluated for SCell deactivation. 
· Scenario #1: Macro Dense Urban in FR1 of 30kHz with low load.
· Case 1: two CCs with RU = 15% and BW = 100MHz per CC
· Case 2: one CC with RU = 30% and BW = 100MHz
The evaluation shows 14% BS power savings with a price of 61% of average latency increase for the FTP traffic. Note BS only enters a sleep mode if there is no traffic in all serving cells. The BS power state is per BS.
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Figure 10: turning off one CC from two with RU = 15% per cell.
One concern is about RF sharing. When BS has shared RF modules for multi-carrier operation, turning one off may not save any BS power, e.g., intra-frequency band operation may share the same RF components. Deactivating more than one SCell via efficient signaling seems reasonable to guarantee power saving.
In NR, SCell deactivation is done by a MAC CE command, supporting deactivating one or multiple SCells via a single command. However, this command is via unicast PDSCH signaling with less power efficiency for a group of UEs.
In Rel-18, UE-group SCells activation/deactivation via L1 signaling, e.g., a common DCI in a broadcast manner, could be considered an efficient tool for dynamic offload traffic, which makes no performance impact on legacy UEs.
Turning off one CC from two saves 14% BS power consumption with 15% RU per CC. However, the power saving gain depends on whether BS uses shared RF modules on these two CCs.
Consider UE-group SCell activation/deactivation via L1 singling for multiple SCells.

SSB-less and SIB-less for SCell
When a cell is used as a capacity booster rather than providing coverage, the cell could be defined as a secondary cell (SCell), and a gNB may turn off SSB or SIB1 transmission on the SCell for NW energy savings. 
Suppose SSB/CORESET multiplexing pattern is pattern 1, i.e., the SIB1 repetition period is 20ms. Also, SIB1 uses four slots and 24 RBs within a repetition period. BS shares a joint state machine between the PCell and the SCell. 
The following scenarios and cases are evaluated for SSB/SIB1-less operation. 
· Scenario: Macro Dense Urban in FR1 of 30kHz with a PCell and an SCell
· Case 1: SSB, SIB1, and data for SCell
· Case 2: SSB and data for SCell
· Case 3: only data for SCell
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Figure 11: BS power consumption of the PCell and the SCell for SSB/SIB1-less 
Turing off SIB1 and SSB can save 5.7% of BS power consumption because the joint BS power state prevents BS enters a sleep state if one of the cells has traffic. The power savings comes from not sending SSB and SIB1 rather than turning off hardware components, leading to martial performance gain. 
To accumulate a meaningful power save, NW may turn off SSB and SIB1 for multiple SCells. However, NR may not support dynamic SSB/SIB1 on/off. Cell-group SSB/SIB1 on/off via L1 signaling for CONNECTED/IDLE UEs may be FFS.
In NR, if NW provides no SSB or no SSB configuration, UE could obtain a timing reference from the SpCell. If an NR cell does not broadcast SIB1, UE may obtain an indication from MIB for the positions where the UE may find an SSB with a CORESET for SIB1. In general, we observe no UE performance impact for SSB/SIB1-less operation in SCells, if UE could access PCell for synchronization and required SIBs. However, it is unclear how/whether to do it dynamically.
Turning off both SIB1 and SSB on a single SCell saves 5.7% of BS power consumption for video traffic with RU = 15% per cell with BW = 100 MHz. 
Cell-group SSB/SIB1 on/off via common L1 signaling for CONNECTED/IDLE UEs can be FFS.

Spatial domain
With low traffic, gNB may turn off some transceiver units (TxRU) for NW energy savings. The following scenarios and cases are evaluated for TxRU muting: 
· Scenario: Macro Dense Urban in FR1 of 30kHz
· Case 1: 64 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 16, 2, 1, 1; 2, 16), max TX power = 55 dBm 
· Case 2: 32 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 8), max TX power = 52 dBm
· Case 3: 16 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 8), max TX power = 49 dBm
· Case 4: 8 TxRU of (M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 1, 4), max TX power = 46 dBm
Definitions for the antenna configurations are as follows: M: no. vertical antenna elements within a panel, on one polarization. N: no. horizontal antenna elements within a panel, on one polarization. P: no. polarizations. Mg: no. panels in a column. Ng: no. panels in a row. Mp: no. vertical TXRUs within a panel, on one polarization. Np: no. horizontal TXRUs within a panel, on one polarization.
Note that the max TX power decreases with the number of TxRU decreases because we assume a TxRU includes a PA. When gNB mutes the TxRU, gNB mutes the PA and reduces the max TX power.
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Figure 12: Turing off TxRU and impacts on BS power consumption
Turning off half TxRU from 64 to 32 saves 35.5 % of BS power consumption, with a price of 3% of latency and 4% of RU. In this case, it seems efficient to cut down BS power consumption without a huge UE performance impact.

In NR, CSI-RS supports 32 ports, PDSCH supports 12 ports, and PUSCH supports 12 ports. For AP-CSI-RS, DG-PDSCH, and DG-PUSCH, UE receives the number of antenna ports via DCI formats per grant. There is no impact if BS mutes TxRU to 8, for example. However, some enhancement may be needed for P/SP CSI-RS, SPS-PDSCH, and CG-PUSCH.

In NR, CSI-RS, SPS-PDSCH, and CG-PUSCH configurations are BWP dependent. CSI-RS has bwp-id. SPS-PDSCH and CG-PUSCH would be suspended after a BWP switch. So, the BWP switch can support dynamic antenna port change. However, no UE-group BWP switch exists in the current release. In Rel-18, the UE-group BWP switch may be beneficial for dynamic antenna port adaptation.
Turning off TxRU saves 35% of BS power consumption from 64 TxRU to 32 TxRU, and has a marginal UE performance impact.
Consider UE-group BWP switch to support dynamic antenna port adaptation at least for CSI-RS, SPS-PDSCH, and CG-PUSCH.
Power domain
Dynamic TX power adaptation
In NR, gNB can provide the UE with an absolute value for the transmit power of the SSS, CSI-RS, and PDSCH, via the following information elements: ss-PBCH-BlockPower, powerControlOffsetSS, and powerControlOffset. ss-PBCH-BlockPower, powerControlOffsetSS are used for open loop power control, and powerControlOffset is for CQI report. 
In NR, powerControlOffsetSS and powerControlOffset belong to NZP-CSI-RS-Resource, associated with bwp-id. BS can update PDSCH power offset and CSI-RS power offset via a BWP switch. In Rel-18, introducing the UE-group BWP switch may support dynamic TX power adaptation if SSB power stays the same.
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Figure 13: Relative power levels for the downlink
Dynamic TX adaptation may impact open loop power control and CQI report, where the power of SSS, CSI-RS, and PDSCH are provided in a semi-static manner.
Consider UE-group BWP switch to support dynamic TX power adaptation for open loop UL power control and CQI report.

PA efficiency
In NR, power backoff is needed when BS uses high-order modulation. According to TS 38.141-1, the Error Vector Magnitude (EVM) on PDSCH shall be less than the limits in table 6.5.3.5-1.
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PAPR enhancement may support BS using higher modulation, e.g., 1024 QAM, reducing transmission time to save BS power. Also, BS could use higher TX power if EVM can be suppressed, leading to a shorter active time.
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Figure 14: illustration of saving power vs. saving time

Figure 15: BS power comparison between 1024 QAM and 64 QAM
However, higher QAM, such as 1024 QAM, can save 6.3% BS power compared to 64 QAM. The gain comes from a shorter ACTIVE time of DL transmission when 1024 QAM is used, e.g., 6.5% shorter ACTIVE time for RU = 30%. Although the saving ACTIVE may provide additional sleep time for BS, the gain is relatively marginal. Interested companies may contribute proper methodology to evaluate its benefit.
For PAPR enhancement, using 1024 QAM than 64 QAM can save 6.3% BS power for video traffic with RU = 30%. The gain comes from additional sleep opportunities due to shorter active time.
Interested companies may contribute methodology to evaluate PAPR enhancement techniques rather than shortening BS transmission time.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1	SSB reduction from 8 to 4 in a half frame may save 43% BS power in the idle traffic. However, legacy UEs cannot support the dynamic adaption of SSB configurations.
Observation 2	In NR, CONNECTED UEs monitor SI change indication at least once per modification period, and IDLE or INACTIVE UEs monitor SI change indication every DRX cycle on any paging occasion.
Proposal 1	Reducing SSB transmission can be used as a discovery signal when a cell is deactivated, i.e., no DL transmission except SSB.
Observation 3	Monitoring RACH occasions per 20ms than 10ms saves 12.4% of BS power consumption in idle traffic. However, dynamic RACH occasion change will be difficult for legacy UEs.
Proposal 2	Long RACH occasion period can be configured for a sleeping cell, i.e., no DL transmission except (long period) SSB.
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Observation 4	DCI-based deactivation for period UL procedures saves 15.4% of BS power consumption than RRC-based deactivation. BS monitors UL reception every 5 ms after sending the deactivation. 
Observation 5	Dynamic adaptation of period UL is beneficial to BS power savings. However, NR supports type-2 CG PUSCH, AP/SP SRS, and AP/SP CSI reports providing sufficient flexibility.
Proposal 3	Dynamic adaptation for periodic UL can be up to gNB implementation.
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Observation 6	BS may not trigger cell reselection for an IDLE UE camping on a cell before BS turns off the cell (without cellBarred) because cell reselection is based on RSRP and RSRQ measurement.
Proposal 4	For dynamic BS on/off, enhancement on cell reselection for IDLE UE can be FFS.
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Observation 7	Monitoring PRACH preamble for a sleeping cell, e.g., a deactivated small cell, is beneficial for NW to determine whether to turn on/off a BS. 
Proposal 5	For dynamic BS on/off, enhancement on PDCCH-order-based RA can be used as a BS wake-up request.
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Observation 8	DRX reconfiguration can align DL traffic, but the RRC processing delay will be up to 10ms.
Proposal 6	NW may provide preconfigured DRX offset values via RRC and activate one of them via UE-group common DCI.
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Observation 9	NR has supported a fast BWP switch, e.g., 1ms for 15kHz SCS, based on UE capability.
Proposal 7	A study on reducing BWP switch delay may NOT be needed for Rel-18 NWES.
Observation 10	Turning off one CC from two saves 14% BS power consumption with 15% RU per CC. However, the power saving gain depends on whether BS uses shared RF modules on these two CCs.
Proposal 8	Consider UE-group SCell activation/deactivation via L1 singling for multiple SCells.
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Observation 11	Turning off both SIB1 and SSB on a single SCell saves 5.7% of BS power consumption for video traffic with RU = 15% per cell with BW = 100 MHz. 
Proposal 9	Cell-group SSB/SIB1 on/off via common L1 signaling for CONNECTED/IDLE UEs can be FFS.
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Observation 12	Turning off TxRU saves 35% of BS power consumption from 64 TxRU to 32 TxRU, and has a marginal UE performance impact.
Proposal 10	Consider UE-group BWP switch to support dynamic antenna port adaptation at least for CSI-RS, SPS-PDSCH, and CG-PUSCH.
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Observation 13	Dynamic TX adaptation may impact open loop power control and CQI report, where the power of SSS, CSI-RS, and PDSCH are provided in a semi-static manner.
Proposal 11	Consider UE-group BWP switch to support dynamic TX power adaptation for open loop UL power control and CQI report.
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Observation 14	For PAPR enhancement, using 1024 QAM than 64 QAM can save 6.3% BS power for video traffic with RU = 30%. The gain comes from additional sleep opportunities due to shorter active time.
Proposal 12	Interested companies may contribute methodology to evaluate PAPR enhancement techniques rather than shortening BS transmission time.


Reference
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3GPP TS 38.133 V17.3.0 (2021-09), Requirements for support of radio resource management, 2021
3GPP TS 38.141-1 V17.5.0 (2022-03), Base Station (BS) conformance testing, Part 1- Conducted conformance testing, 2020
Appendix
RRM test configurations
FR1 PRACH configuration 1 in this clause provides the typical PRACH configuration for SSB-based contention based random access in FR1.
Table 5: Parameters for FR1 PRACH configuration 1
	Field
	Value
	Comment

	prach-ConfigurationIndex
	102
	10ms PRACH periodicity, and other detailed configuration defined in table 6.3.3.2-2 and table 6.3.3.2-3 in TS 38.211 [6].

	msg1-SubcarrierSpacing
	Same as UL carrier SCS
	 

	totalNumberOfRA-Preambles
	48
	Total number of preambles used for contention based and contention free random access

	numberOfRA-PreamblesGroupA
	48
	No group B.

	prach-RootSequenceIndex
	0
	Logic sequence index = 0, resulting in root sequence = 1.

	ssb-perRACH-OccasionAndCB-PreamblesPerSSB
	oneFourth, n48
	OneFourth: 1 SSB associated with 4 RACH occasions
n48: 48 contention based preambles per SSB

	msg1-FDM
	One
	One PRACH transmission occasions FDMed in one time instance.

	rsrp-ThresholdSSB
	RSRP_51
	The actual value of the threshold is -105dBm, as defined in TS 38.331 [2].

	ra-ContentionResolutionTimer
	sf48
	48 sub-frames

	powerRampingStep
	dB2
	 

	preambleReceivedTargetPower
	dBm-120
	 

	preambleTransMax
	n6
	Max number of RA preamble transmission performed before declaring a failure is 6

	ra-ResponseWindow
	sl10
	10 slots

	zeroCorrelationZoneConfig
	11
	N-CS configuration, NCS = 23

	Backoff Parameter Index
	2
	20ms, as defined in table 7.2-1 in TS 38.321 [7].

	Note: For further information see clause 6.3.2 in TS 38.331 [2].
	 
	 



RO per 20ms vs. per 10ms if DL and UL are entangled

total power (case 1) = 798.7	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	100	100	10	10	68.900000000000006	10	10	10	10	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	68.900000000000006	10	10	10	10	2	2	2	2	2	2	2	2	2	2	2	100	100	10	10	68.900000000000006	10	10	total power (case 2) = 699.8 (save 12.4%)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	100	100	10	10	68.900000000000006	10	10	10	10	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	100	100	10	10	68.900000000000006	10	10	time in slot number


relative power consumption




DCI vs RRC types of deactivation (DL and UL are entangled with full BW UL per 5ms )

total power (case 1) =767	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	100	100	250	10	87.5	10	10	10	10	2	2	2	2	2	87.5	10	10	10	10	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	total power (case 2) = 649 (save 15.4%)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	100	100	250	10	87.5	10	10	10	10	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	time in slot numbers


relative power values




Video, BSSM, 2CCs (CA scaling factor = 1.7)	BS Power Consumption (per ms)	Avg. Latency (ms)	RU (%)	81.69	32.07	15	Video, BSSM, 1CC	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power Consumption (per ms)	Avg. Latency (ms)	RU (%)	70.06	51.59	31.6	-14%	61%	111%	
relative values




SCell w. SSB 	&	 SIB1	Video, DRX (160, 8, 100), BW = 100MHz	Video, DRX (160, 8, 100), BW = 20MHz	98.154300000000006	47.7913	SCell w. SSB	[CELLRANGE]
[CELLRANGE]

Video, DRX (160, 8, 100), BW = 100MHz	Video, DRX (160, 8, 100), BW = 20MHz	94.383600000000001	43.0458	-3.80%	-9.90%	SCell wo. SSB	[CELLRANGE]
[CELLRANGE]

Video, DRX (160, 8, 100), BW = 100MHz	Video, DRX (160, 8, 100), BW = 20MHz	92.538300000000007	40.723599999999998	-5.70%	-14.80%	
BS Power Consumption (per ms)




Video, BSSM, 64 TxRU	BS Power Consumption (/ms)	Avg. Latency (ms)	RU (%)	70.058700000000002	51.59	31.6	Video, BSSM, 32 TxRU	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power Consumption (/ms)	Avg. Latency (ms)	RU (%)	45.194299999999998	53.64	35.229999999999997	-35%	4%	11%	Video, BSSM, 16 TxRU	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power Consumption (/ms)	Avg. Latency (ms)	RU (%)	32.186999999999998	56.95	40.369999999999997	-54%	10%	28%	Video, BSSM, 8 TxRU	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power Consumption (/ms)	Avg. Latency (ms)	RU (%)	26.7073	66.27	50.72	-62%	28%	61%	



Video, BSSM, Up to 64 QAM	BS Power (RU = 30%)	UE Power (RU = 30%)	BS Power (RU = 10%)	UE Power (RU = 10%)	75.061099999999996	53.61	24.808599999999998	50.66	Video, BSSM, UP to 1024 QAM	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power (RU = 30%)	UE Power (RU = 30%)	BS Power (RU = 10%)	UE Power (RU = 10%)	70.353999999999999	53.03	23.259599999999999	50.08	-6.3%	-1.1%	-6.2%	-1.1%	



Video, BSSM, Up to 64 QAM	BS Power (RU = 30%)	UE Power (RU = 30%)	BS Power (RU = 10%)	UE Power (RU = 10%)	75.061099999999996	53.61	24.808599999999998	50.66	Video, BSSM, UP to 1024 QAM	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

BS Power (RU = 30%)	UE Power (RU = 30%)	BS Power (RU = 10%)	UE Power (RU = 10%)	70.353999999999999	53.03	23.259599999999999	50.08	-6.3%	-1.1%	-6.2%	-1.1%	
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Table 8.6.2-1: BWP switch delay

u NR Slot BWP switch delay Tewpswitchpelay (Slots)
length
(ms) Type 1Nt Type 2%t T
0 1 1 3
1 0.5 2 5
2 0.25 3 9
3 0.125 6 18
5 0.03125 20 65
6 0.015625 39 129
Note 1:  Depends on UE capability.
Note 2:  If the BWP switch involves changing of SCS, the BWP

switch delay is determined by the smaller SCS between
the SCS before BWP switch and the SCS after BWP

switch.
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Table 6.5.3.5-1 EVM requirements for BS type 1-C and BS type 1-H

Modulation scheme for PDSCH Required EVM (%)
QPSK 18.5 %
16QAM 13.5%
64QAM 9%
256QAM 4.5 %
1024QAM 3.5 %!
3.8 %2
NOTE 1: This requirement is applicable for frequencies equal to or
below 4.2 GHz.
NOTE 2: This requirement is applicable for frequencies above 4.2
GHz.
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