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Introduction
In RAN1#110bis-e, the following was agreed for support of network energy saving in time, frequency, spatial and power domain [1].
	Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.
The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3
· Proposal #4-2G of R1-2210620 Section 3
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3
· Proposal #5-2H of R1-2210620 Section 3
· Proposal #5-3H of R1-2210620 Section 3
· Proposal #5-4H of R1-2210620 Section 3
· Proposal #5-5D of R1-2210620 Section 3




In this contribution, we mainly discuss network energy saving techniques in time, frequency, and spatial domain.

Motivation of network energy saving

Compared with 4G network, 5G system has larger system bandwidth, large number of TX/RX antennas/panels, and higher deployment density for improvement of system performance and user experience. However, the energy consumption of 5G network is more than three times than that of 4G even though that the 5G system design had minimized the periodic and frequent transmitted signals, which contributes the heavy burden for OPEX of 5G system.
It is shown that over 90% of OPEX are spent on energy, consisting mostly of fuel and electricity consumption [2]. Most of the energy is consumed on the RAN with data centres and fibre transport accounting for a smaller share. For the RAN, main power consumptions are from BBU component and AAU component of gNB. About 80% energy and 20% energy are consumed on AAU and BBU respectively. For AAU, the main power is spent on PA component, as an example, up to 60%, even higher. As an illustration, the following Figure 1 shows the ratio of network energy consumption. 
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[bookmark: _Ref111037526]Figure 1: The energy consumption of 5G network
Therefore, it is essential to study and develop network energy saving techniques for operational cost reduction.
Energy saving technique

 Time domain energy saving
For time domain energy saving, it depends on the gNB state of system load, which includes normal system load, low system load and zero system loads. Furthermore, it could consider triggering the related time domain network energy saving mechanism based on gNB state of system load. Network could configure the thresholds for the associated triggering events of gNB state transition. When the gNB state transition to the state suitable for the network energy saving, the related energy saving technique could be triggered and performed. The procedure of time domain energy saving states and transition in gNB is illustrated in Figure 2. For example in the low load cell, gNB could perform discontinuous transmission/reception (DTX/DRX) by concentrate all the traffics to schedule transmission/reception at the short interval and the rest of time without any transmission/reception. For the cell with zero load, there is no data to schedule transmission most of the time. Dynamic Cell ON/OFF could be considered to complete shut off a cell. The details of time domain energy saving technique are described as follows.
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[bookmark: _Ref111055892]Figure 2: Time domain energy saving states and transition in gNB 
Technique #A-1: Adaptation of common signals and channels 
In the existing NR system, the common control channels and signals, which include SSB/PBCH, SIB1, other SI, paging, PDCCH, and PRACH detection, are the factors of persistent network energy consumption. 
The network energy saving technique of adaptation of common signals and channels in time domain was agreed in RAN1#110bis-e as follows,
	· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 



In RAN1#110bis-e, two approaches for reduction in transmission frequency of common control channel were proposed:
· Without transmission of SSB/SIB, i.e., SSB/SIB-less transmission [9], [13], [21].
· Increase of transmission periodicity of common channels/signals [13], [14], [15], [18], [20], [21].
SSB/SIB-less transmission has been specified in Rel-15, e.g., gNB can configure SCell without transmitting SS/PBCH block for intra-band CA which will be discussed in section 3.2.1 and the WUS transmitted by UE to trigger the normal/on-demand SSB/SIB transmission will be discussed in section 3.1.3. 
With the increase of transmission periodicity of common channels/signals, network could have potential to stay in sleep state for a relative long time. To achieve obvious energy saving gain for gNB, transmission periodicity of common channels/signals should be long enough to allow gNB to enter deep sleep state for network energy saving purpose.
There are negative impacts to the latency of the initial access procedure, cell (re)selection, handover, synchronization and measurements when the common control channels/signals are transmitted with longer periodicity. 
· For legacy CONNECTED mode UE, if the transmission periodicity of the common control channels/signals increases, such as the SSB periodicity increases to greater than 160ms, the legacy CONNECTED mode UE may be out of sync in time and frequency with gNB [23]. However, the gNB can configure periodic/temporary TRS to assist the UE to obtain time and frequency synchronization with the gNB. Compared with the transmission of the legacy periodic SSB, whether the increased period SSB and additional transmitting TRS can bring network energy saving gain needs to be further evaluated.
· For legacy RRC IDLE/Inactive mode UE, a UE may assume that half frames with SSB occur with a periodicity of 2 frames for initial cell selection as specified in Clause 4.1 of TS38.213 [4]. If the periodicity of SSB exceeds 20ms, legacy Idle/Inactive UE might not be able to select the best serving cell in the initial cell selection. If a legacy UE assumes the 20ms periodicity of SSB, the SSB reception performance may be degraded since the UE might use noise/interference to perform channel tracking. Therefore, with the increase of the transmission periodicity of common control channels/signals in a cell, legacy RRC Idle/Inactive mode UE could fail to perform the initial cell selection and access procedure in this cell.
The system level evaluation is performed for increase of common control channel transmission periodicity and detailed simulation parameters and assumptions are shown in Table 8 in Appendix.
The network energy saving gain with different common control periods for various system loads are given in Table 1. 
[bookmark: _Ref115161347]Table 1: Energy saving gain of increasing common control channel periodicity 
	
	SSB/SIB transmission periodicity
	System loads

	
	
	Zero
	9%(low)
	15%(light)
	30%(Medium)

	Energy saving gain
	20ms(baseline)
	-
	-
	-
	-

	
	40ms
	10.2%
	3.0%
	1.9%
	1.3%

	
	80ms
	72.7%
	18.8%
	5.2%
	2.2%

	
	160ms
	84.8%
	19.6%
	5.6%
	2.6%

	Note: 
a) Set 1 of category 1 power model is applied.
b) L=4, i.e., 4 SSBs within one SSB burst for FR1



From the results in Table 1, it could be observed that:
· For zero system load with increase of common control channel periodicity, the network energy saving gain is observed from 10.2% to 84.8% based on the common control channel periodicity of 40ms, 80ms and 160ms. Major network energy saving gain could be achieved within the common control channel periodicity of 160ms. 
· For non-zero system loads, with the increase of the common control channel periodicity, the network can achieve the energy saving gain from 3.0% to 19.6% based on different common control channel periodicity. Very limited energy saving gain is observed for light and medium system loads but obvious energy saving gain is observed for low system load based on the common control channel periodicity of 80ms and 160ms. The energy saving gains is come from zero system loads of some cells in the non-uniform UE distributions. For low system load at 9%, with fixed packet size and inter-arrival time, a considerable number of cells are zero system load cells, which contributes major the energy saving gains (e.g., zero load cell contributes near 80% ESG for SSB/SIB with periodicity of 160ms). The increase of periodicity of SSB and SIB1 contributes another part of energy saving gain. Therefore, from non-zero system load cell perspective, gNB could not enter deep sleep state and limited energy saving gain can be achieved for non-zero system load.
If SSB periodicity is larger than 160ms, all UEs are not required to remain in sync with the network. When UE is not in sync with the network, UE requires performing synchronization with the network before any DL reception or UL transmission. It will also increase the network energy consumption to have additional RS transmission for out-of-sync UE to synchronize with the network. Considering SSB periodicity with 160ms has been supported in current specification, the adaptation of the transmission periodicity of SSB/SIB is supported up to 160ms. 
To support sparse common control channel transmission, SSB patterns can be studied to provide better UE experience. For paging reception, RRC Idle/Inactive UE needs to perform AGC, time/frequency tracking based on 3 SSBs to meet 0.1ppm frequency stability requirements before the out-of-sync UEs decoding the paging PDCCH and paging PDSCH.  If the SSB periodicity is increased to 160ms, the corresponding preparation time before paging reception is extended to hundreds of milliseconds since 3 SSBs are also required for AGC/channel tracking, which introduces additional power consumption and paging latency for the UE. To achieve performance trade-off between network energy saving and UE power saving/paging latency, long-short periodicity SSB is proposed as shown in Figure 3. The long SSB period could be 160ms to provide network energy saving gain and the short SSB periodicity could be 20ms or less to be used for assisting UE to perform AGC/channel tracking operating. Furthermore, a cluster of POs could be configured after short-periodicity SSB to provide longer sleep periods for the gNB.
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[bookmark: _Ref114759270]Figure 3: Long-short periodicity SSB
The long-short periodicity SSB solution can be recognized by Rel-18 UE. For legacy connected mode UE, long periodicity SSB could be configured to these UEs for performing synchronization operation but the short periodicity SSB could not be identified. Then legacy Idle/Inactive UE could not select the best serving cell in the initial cell selection. The gNB could decrease the access priority of legacy Idle/Inactive mode UE in the cell with configuration of long-short periodicity SSB.
Proposal 1: The network energy saving technique of adaptation of common control channel periodicity (Technique#A-1) in the range of 40, 80, and 160 ms provides the energy saving gain of 10.2% to 84.8%, for zero system load, 3.0%-19.6% for low system load, 1.9%-5.6% for light system load, and 1.3-2.6% for medium system load, which the system load is derived from different number of users in FTP3 traffic model. 
· The adaptation of transmission periodicity of SSB/SIB should be supported only up to 160 ms SSB periodicity for the network energy saving to ensure UE staying in-sync.
· With the increase of the transmission periodicity of common control channels/signals in a cell, legacy RRC Idle/Inactive mode UE could fail in the cell detection for the cell selection and initial access procedure in this cell.  
· A window of short periodicity SSB embedded in the long SSB periodicity as shown in Figure 3 could be used to assist out-of-sync UE expediting the network synchronization. The embedded window of 20 ms periodicity SSB could also be configured at each paging occasion to minimize the impact to the legacy IDLE/Inactive mode UE.  
· The UE network access delay would increase with the increase the periodicity of the common control channel.   
Technique #A-6: Adaptation of SSB/SIB1   
The network energy saving technique of adaptation of SSB/SIB1 in time domain was agreed in RAN1#110bis-e as follows,
	· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.



Similar to the increase of the transmission periodicity of common control channels, on-demand SSB/SIB1 energy saving technique could provide significant energy saving gain. Triggering of on-demand SSB transmission for cell ON/OFF mechanism is discussed as follows.
Semi-static/dynamic cell ON/OFF
The network energy saving study should prioritize zero, light, low and medium system load scenarios. For zero/low system load state, barely any UEs need to be served in the cell in a given time interval. The cell spends lots of energy consumption to be ready for data processing and transmission with barely any data. Thus, the cell should be able to turn OFF dynamically for network energy saving when there is no user to be served and turn ON when there is user to be served.  
The dynamic cell ON/OFF for network energy saving needs the cell discovery mechanism for triggering the cell ON/OFF. The cell discovery mechanism can configure the on-demand SSB transmitted from an OFF cell for UEs detection and measurements. In RAN1#110bis-e, some possible cell discovery mechanisms were proposed:
· Trigger on-demand SSB by UL signals from UE [12].
· Neighbour cell triggers on-demand SSB [11].
Compared to periodic DRS transmission in Rel-12 small cell ON/OFF feature, on-demand SSB can provide more opportunities for gNB to stay in the sleep state for achieving network energy saving. For triggering on-demand SSB by UL signals from UE when there are no periodic SSB from the OFF cell for DL synchronization, the UE could not transmit any UL signal/channels to trigger on-demand SSB without synchronizing with the DL of the given cell. Thus, triggering on-demand SSB by neighbor cell could be performed through backhaul Xn message. In addition, on-demand SSB could be provided for UE to assist in channel measurement and triggering the cell ON/OFF. 
There are two possible methods for the neighbour cell or macro cell to trigger the turned-OFF cell to transmit on-demand SSB:
· Network control by neighbour cell: The serving cell detects the UE position and mobility by measurement UL signals/channels transmitted from the UE. A measurement event would be used to determine and trigger on-demand SSB, as shown in Figure 4.   
· UE assistance: UE could be configured to report leaving the serving cell by triggered event, such as event A2 as the assistance information from the UE to trigger the transmission on-demand SSB. The trigger event could also include additional information such as the SINRs and UEs positioning, to help gNB in determining whether UE is in the proximity of neighbouring OFF cell. 
The legacy UE assumes that half frames with SSB occur with a periodicity of 2 frames for initial cell selection. Therefore, the legacy UEs might not be able to take accurate RRM measurement of on-demand SSB to trigger the Cell ON/OFF and discover the turned-off cell. 



[bookmark: _Ref115104010]Figure 4: On-demand SSB for turned-off cell discovery
The general procedure for triggering cell ON/OFF by neighbour cell is summarized as follows: 
· Step 1: With barely any UEs to be served, cell 2 shown in Figure 4 is turned OFF. No transmission/reception of common/UE-specific channels/signals in this OFF Cell.
· Step 2: When UE moves to the proximity of the coverage area of the OFF cell or needs the service from the cell 2, neighbour/macro serving cell triggers the cell 2 in the OFF state to transmit on-demand SSB via Xn interface and informs on-demand SSB configuration to the UE. 
· Step 3: UE detects/measures the on-demand SSB from cell 2 and obtains the measurement results of corresponding RSRP for mobility management.
· Step 4: UE could feed back the measures report to the serving cell after the measurement event A4 (Cell 2 becomes better than threshold) is triggered. 
· Step 5: Neighbour/macro serving cell could indicate cell 2 to turn ON via Xn interface based on at least one UE’s measurement report. 
· Step 6: Cell 2 is turned on with normal transmission of SSB, SIB1 and other SIB-X and DL control channels and RS.
· Step 7: The neighbour/macro serving cell inform UE to perform handover operation to switch UE to new serving cell 2.

The system level evaluation is performed for semi-static/dynamic cell ON/OFF scheme with the simulation assumptions shown in Table 9 in Appendix. The network energy saving gain for dynamic cell ON/OFF with triggering by neighbouring serving cell is evaluated and shown in Table 2.
[bookmark: _Ref115189450]Table 2: Energy saving gain of semi-static/dynamic cell ON/OFF
	
	Percentage of Cell ON 
	Energy saving gain for Cell ON/OFF

	Cell without DTX
	65.5%
	22.0%

	Cell with DTX
	65.5%
	43.6%



From the results in Table 2, it could be observed that:
· The simulation assumption is based on the periodic transmission of 20ms SSB/SIB and 10ms CSI-RS/TRS. The dynamic cell ON/OFF network energy saving scheme by neighboring serving cell could obtain 22.0% network energy saving gain. With additional gNB DTX scheme during cell ON, 43.6% network energy saving gain can be achieved for semi-static/dynamic cell ON/OFF scheme triggered by neighbour cell.
Proposal 2: The network energy saving technique of adaptation of SSB (Technique#A-6) with semi static cell ON/OFF provides the energy saving gain of 22.0%-43.6% with and without the additional cell DTX, respectively, during cell ON, which the low system load assumes 1 UE per cell in FTP3 traffic model. 
· The triggering mechanism of on-demand SSB transmission for the discovery of the gNB in the inactive state should be included in work of the cell ON/OFF network energy technique. 

Technique #A-3: Wake up of gNB triggered by UE wake up signal 
The energy saving technique of wake up of gNB triggered by UE wake up signal (WUS) was agreed in RAN1#110bis-e as follows,
	· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.



When the cell has zero system load, the cell might be deactivated and directly shut off for the energy saving purpose, which is called the energy saving gNB/cell. When UE moves to the coverage area of the energy saving cell or needs the service of the energy saving cell, the energy saving cell needs to be woken up. The potential method is that the UE transmits the wakeup signal (WUS) [12], [13], [21] to energy saving cell to wake up the energy saving cell or trigger normal SSB transmission. UEs can only synchronize with one cell, which is serving cell, and use the DL timing of the serving cell for UL transmission timing and detection of neighboring cells. Thus, UE could not synchronize with the neighboring energy saving cell. Without acquiring fine DL synchronization, UE should not transmit any UL signal/channel to the energy saving cell. Thus, when the energy saving cell is directly shut off without achieving DL synchronization, the energy saving cell could not be directly woken up by the UE via the WUS signal. 
  
Proposal 3: The energy saving technique of wake up of gNB triggered by UE wake up signal (WUS) (Technique #A-3) as following should be supported and captured in TR:
· Without achieving DL synchronization, the energy saving cell could not be directly woken up by the UE via the UL WUS signal.

Technique #A-4: Adaptation of DTX/DRX 
The network energy saving technique of wake up of adaptation of DTX/DRX was agreed in RAN1#110bis-e as follows,
	· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 



To keep gNB in sleeping mode for a relatively long time without frequent waking-up, gNB DTX/DRX was proposed by in RAN1#110bis-e for network energy saving purpose[10], [11], [16], [17], [19], [21], [22]. When system load is low and less number of UEs access the system, the staggering C-DRX configuration for system load balancing becomes unnecessary. Instead, the gNB could reduce the energy consumption with the DTX transmission in low system load state by allocating same set of C-DRX configuration for all UEs, which including DTX-ON and DTX-OFF. During DTX-OFF, gNB could go to sleep to reduce energy consumption. Justification, technique details and the evaluation results of gNB DTX/DRX for low or zero system loads scenario are described in this section. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For Rel-18 RRC CONNECTED mode UEs, DTX parameters, such as the DTX cycle, the DTX-ON offset and the duration, etc. can be configured by gNB through high layer parameters. The gNB DTX cycle could be aligned with that of UE DRX. In order not to impact the reception of the DCI format 2_6 outside the active time of UE DRX, the gNB DTX-ON should start earlier than ps-offset the time where the UE monitoring DCI format 2_6 [4], even earlier than its preparation time for detection of DCI format 2_6. The gNB DTX-ON would completely cover the DRX-ON of UEs as shown in Figure 5. Furthermore, gNB could also align transmission of Uu with that of Xn/NG for network energy saving purpose. DTX/DRX mechanism could trigger RS resources set groups switching and gNB could transmit sparse/no SSB, SIB, and CSI-RS similar to dormancy-like behaviour to reduce network energy saving. Rel-18 UE could receive sparse/no DL signal/channel according to gNB’s configuration. Rel-18 UE could also discontinuously receive the corresponding CSI-RS, SSB or PDCCH in DTX/DRX OFF duration once gNB DTX/DRX operating is triggered. 
For the legacy UE, such as monitoring PDCCH with the CRC scrambled by the specific RNTI(e.g., P-RANTI, SI-RNTI, etc.), reception of the configured PDSCH and performing channel tracking operation outside the DRX active time, would be affected by the gNB DTX transmission. The impact of gNB DTX to the legacy UE could be mitigated by aligning the gNB DTX and the Paging occasion through gNB implementation. Therefore, triggering mechanisms of gNB transferring to DTX mode and the detailed behaviours of gNB under the DTX mode and should be studied to avoid significant performance degradation for legacy UE. For example, gNB could configure the CSI-RS, SSB or PDCCH with the periodicity aligned with DTX cycle and transmission within the DTX-ON period to keep the sleeping state during the gNB DTX-OFF. For the legacy IDLE mode UE, the RRM measurement based on the SSB could be performed during the UE DRX ON, which is not impacted by the gNB DTX transmission. Thus, the gNB DTX transmission could be with less impact to the legacy UEs via the RRC configuration. 
On the other hand, in order to avoid frequent wake up of gNB, it is beneficial for network to align gNB DTX/DRX-ON with backhaul DTX/DRX ON. It is expected that backhaul transmission in Xn and NG interfaces should be located within gNB DTX/DRX-ON duration. Therefore, DTX/DRX coordination in Xn and NG should be supported for further reduction of network energy consumption.
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[bookmark: _Ref111111893]Figure 5: The gNB DTX/DRX structure
The system level evaluation is performed for gNB DTX transmission scheme with evaluation assumptions as shown in Table 10 in Appendix.
The evaluated baseline scheme and gNB DTX transmission scheme are listed as following:
· Baseline: The gNB is always ON to provide service to the UE.
· Centralized DRX-ON configuration: The gNB DTX cycle aligns with the UE DRX cycles. All UEs are configured with same DRX cycle and DRX-ON duration.
The evaluation results are shown in Table 3. It is observed that gNB DTX transmission with centralized DRX-ON configuration can achieve 47.8%~71.3% energy saving gain (ESG) under the different system loads. With the decrease of system loads, more NES gain is achieved. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]For the low system load at 9%, the gNB DTX-ON duration would only take small fraction of the time for PDSCH transmission and the corresponding energy consumption during the gNB DTX-ON. gNB could enter deep sleep without receiving RS during gNB DTX-OFF. Therefore, the large NES gain is observed for low system load. When the system load increases to 30%, the fraction of time for PDSCH transmission during gNB DTX-ON increases and the energy saving gain from the gNB DTX would decreases. 
[bookmark: _Ref111037067]Table 3：The energy saving gain of the gNB DTX transmission 
compared to the Baseline (gNB is always on) under the different system loads
	The evaluation scheme
	System load = 9% 
(low load)
	System load = 15%
(light load)
	System load = 30%
(median load)

	Average ESG of DTX
	71.3%
	62.6%
	47.8%



[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 4: The energy saving technique of adaptation of DTX/DRX (Technique #A-4) can obtain 47.8% -71.3% energy saving gain for low, light and median system loads. The following aspects of gNB DTX/DRX should be supported in work of adaptation of DTX/DRX (Technique #A-4):
· The gNB DTX/DRX should be supported to reduce network energy consumption for low system load state.
· The gNB DTX parameters, such as the DTX cycle, the DTX-ON offset and the duration, etc. could be configured to Rel-18 UEs via the high layer signalling to align the C-DRX of UEs.
· The gNB DTX-ON duration should completely capture the DRX-ON of UEs and at least cover the reception window of DCI format 2_6 in order not to impact the legacy UEs.
· UE behaviour/procedure would need to be specified, when gNB’s DTX/DRX is applied.
· The gNB DTX/DRX coordination in Uu, Xn and NG should be supported for reduction of network energy consumption.
Frequency domain energy saving
Technique #B-1: Multi-carrier energy savings enhancements  
The network energy saving technique of multi-carrier energy saving enhancement in frequency domain was agreed in RAN1#110bis-e as follows, 
	· Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 


In this section, it discusses the SCell activation/deactivation enhancements and SSB-less for intra/inter band CA for the Technique #B-1of multi-carrier energy saving enhancement.

· SCell activation/deactivation enhancement
For operation with multi-carrier, enhancements on SCell activation and deactivation could be considered for network energy saving.  In case of low system load, the number of active carriers used for data transmission should be as few as possible. For UE power saving, SCells dormancy feature is specified in Rel-16, but with all the RF chains of SCells still being activated and sparse CSI-RS/normal SSB being transmitted.  For low system load scenario, to deactivate and turn off unnecessary SCells is the straightforward approach of reduction of network energy consumption. For example, the PCell RF, baseband and controller are remained in active to keep link connection, but all the SCell RFs are turned off and no SSB/ PDCCH/RS transmission during SCell turning off to reduce network energy consumption, as illustrated in Figure 6. 
[image: ]
[bookmark: _Ref118307055]Figure 6: SCell RF turning off (Scell off and deactivation) 
The above SCell activation/ deactivation scheme is similar to SCell ON/OFF from perspective of gNB behaviour, which is of great benefit to network energy saving. When SCell would be used for large data transmission for DL and/or UL, dynamic and fast activation of SCells by gNB should be supported. However, SCell RF turning off operating would introduce additional SCell activation delay and RS overhead to allow UE synchronization and measurements before UE is scheduled for reception/transmission at SCell.  The P-TRS of the to-be-activated SCell is to be configured as a QCL source for Rel-17 temporary TRS in case of known SCell[24]. With SCell RF being turned off, SCell is unknown and no SSB information can be achieved in the to-be-activated SCell for the UE, when receiving the SCell activation command. Although legacy dynamic SCells activation signalling and triggering mechanism of temporary TRS based on MAC-CE could be reused for activation of SCells, how to facilitate faster SCells ON/activation for unknown SCells should be further studied. 
From specification impact perspective, at least two potential approaches can be considered to reduce SCells activation delay: one is to trigger on demand SSB transmission for to-be-activated SCell, e.g., through enhanced SCell activation command, and the other is to determine QCL source of temporary TRS by referring to SSB/P-TRS of other cells.
The system level evaluation is performed for dynamic antenna adaptation scheme with the simulation assumptions shown in Table 11 in Appendix. 
· Baseline: Legacy SCells activation/deactivation with normal SSB and Rel-17 temporary TRS transmission.
· SCells activation/deactivation enhancement: SCells RF turning off operating with triggering of SCell activation time in advanced for acquisition of additional RS for AGC/channel tracking.
The evaluation result of network energy saving for dynamic antenna adaptation is shown in Table 4. We could observe that the gNB could obtain 20.3% ~ 30.3% network energy saving gain with different system loads. With the decrease of system loads, gNB has more opportunity to stay in deep sleep state and achieves larger energy saving gain. In our simulation, triggering of SCell activation based on arrival time of high layer packets is time in advance to allow UE synchronization and measurements before UE is scheduled for reception/transmission at SCells. Therefore, there is no UPT/latency performance loss for SCells activation/deactivation enhancement scheme in the evaluation. 
[bookmark: _Ref118140541]Table 4：The energy saving gain of SCell activation/deactivation enhancement
	The evaluation scheme
	System load = 8%
	System load = 16%
	System load = 32%

	Average ESG of SCell activation/deactivation enhancement
	30.3%
	29.1%
	20.3%



Proposal 5: The network energy saving technique of SCell activation/deactivation enhancement technique (Technique #B-1) in frequency domain provides the network energy saving gain of 20.3%~30.3% under low, light and medium system loads, which the system load is derived from different number of users in  FTP3 traffic model.
· To reduce network energy consumption, SCell RFs could be turned off without SSB/ PDCCH/RS transmission.
· Dynamic and fast activation/deactivation enhancement for SCells should be specified to enable the dynamic SCell ON/OFF for network energy saving. 

· SSB-less for intra/inter band CA

Rel-15 defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. According to TS 38.306[6] and TR 38.822[7], scellWithoutSSB is a mandatory UE capability with capability signalling for intra-band CA, but not supported for inter-band CA.  If UE supports SCellWithoutSSB, UE could use the other intra-band carrier for initial coarse synchronization.   
For intra-band CA, coarse/fine synchronization of SCells could be achieved by using the timing from the PCell, if the UE has ability to support configuration of SCell that does not transmit SS/PBCH block. Considering that SSB transmission of PCell is essential, then SSB-less (i.e., without SSB) transmission in PCell should not be supported. Furthermore, periodic/aperiodic TRS of SCell also can be configured to RRC connected UEs to perform channel tracking. 
But for inter-band CA scenario, according to existing specification, fine synchronization of inter-band SCells cannot be achieved by using the timing of SSB transmitted of PCell since the timing alignment error of inter-band CA carriers is 3us.  In addition to DL transmission，UL transmission performance of SCell also would be degraded significantly, if fine DL synchronization of inter-band SCell is not be guaranteed. Therefore, in case of inter-band CA, if SSB transmission enhancement for SCells is considered, accurate DL synchronization should be ensured.
From RAN4 perspective, electromagnetic wave propagation characteristics might be quite different for inter band carriers. If SSB-less transmission for SCell in case of inter-band CA is considered, it is a challenge for the UE to ensure no performance loss on AGC and QCL assumption based on SSB borrowed from PCell.
Proposal 6: The network energy saving technique of SSB enhancement for SCells in case of inter-band CA (Technique #B-1) could be supported in frequency domain.
· SSB-less transmission in PCell should not be supported.
· If SSB enhancement for SCells in case of inter-band CA is considered, DL synchronization, AGC and QCL assumption performance should be ensured.

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

The network energy saving technique of dynamic adaptation of bandwidth prat of UE(s) within a carrier in frequency domain was agreed in RAN1#110bis-e as follows,
	· 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.
· Enhancements to support SPS PDSCH reception/Type-2 CG PUSCH transmission/SP-CSI reporting on PUSCH without reactivation after the BWP switching.


 
BWP switching mechanism and BWP switching based MIMO layer adaptation/SCell dormancy indication were specified for NR UE power saving in Rel-15 and Rel-16 respectively. Similar principles can be directly followed by gNB and support of the dynamic bandwidth adaption of gNB for network energy saving. 
As an example is shown in Figure 7, the gNB was configured with three BWPs, including BWP1, BWP2, and BWP3. When there is no/small traffic transmission, the gNB could set the BW with a small bandwidth e.g., BWP1, for gNB energy saving purpose. When large traffic is arrival, larger bandwidth is used for transmitting according to the traffic requirements. gNB could switch from small BWP1 to larger BWP2 or BWP3. When the DL/UL transmission is completed, the gNB could switch back to a small bandwidth BWP. Therefore, in frequency domain, gNB could dynamically switch to different gNB BWP for scheduling DL/UL transmission on demand based on the traffic load requirements of UE serviced at each time for energy saving purpose. 
With fixed PSD, gNB’s energy consumption is decreased with reduction of transmission bandwidth for variable system loads.  When gNB switches to small energy saving BWP, dynamic FFT/IFFT size could be supported easily in based band processing module, which is beneficial for reduction of network energy consumption.  Without triggering BWP switching of UE, gNB dynamic BWP adaption has no impact on system performance because it is gNB configuration without explicit transition time and transmission interruption; otherwise, gNB dynamic bandwidth adaption could introduce 1 or 3 ms cell-specific BWP switching delay. As there is no frequent cell-specific BWP switching in low system load scenario, system performance loss caused by cell-specific BWP switching delay is trivial. On the other hand, the decision matric of gNB bandwidth adaption needs to minimize the impact to legacy UEs. Group common signaling based dynamic cell-specific energy saving BWP switching mechanism should be included in work of Technique #B-2: dynamic adaptation of bandwidth part of UE(s) within a carrier.
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[bookmark: _Ref118470590]Figure 7: Bandwidth adaption for gNB energy saving

Proposal 7: The network saving technique of dynamic bandwidth adaption (Technique #B-2) for gNB energy saving could be supported in frequency domain.
· Group common signaling based dynamic cell-specific energy saving BWP switching mechanism should be included in work of dynamic adaptation of bandwidth part of UE(s) within a carrier.

Spatial domain energy saving 
Distributed massive MIMO system facilitates great improvement of the data rate and increase of cell coverage.  The cost is that the power consumption of AAU accounts for more than 80% of the total power consumption of gNB. Therefore, spatial domain energy saving technology is essential for network energy saving. 
From implementation perspective, gNB can support antenna element(s), TxRU(s), antenna panel(s), TRxP(s), logical antenna port(s) ON/OFF, in a semi-static way to achieve significant network energy saving gain. E.g., unnecessary RF chains can be shut off according to traffic load/channel condition with expected degradation on the spatial multiplexing gain. However, considering that it is difficult for the gNB to accurately predetermine traffic information, semi-static spatial domain energy saving technique could degrade the spatial multiplexing gain and increase  delay budget/packet error rate performance. 

Technique #C-1: Dynamic adaptation of spatial elements 
The network energy saving technique of dynamic adaptation of spatial elements in spatial domain was agreed in RAN1#110bis-e as follows,
	· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.



Network could dynamically reduce the number of RF chains to reduce gNB energy consumption at low/medium system loads. Multiple antenna elements associated with a group of RF chains can be deactivated without the change of the number/pattern of antenna ports, e.g., one half of 64 TxRUs are turned off but the number of antenna ports is still 32.  As the number/pattern of antenna ports is not changed, legacy CSI measurement/feedback mechanism can be reused. Therefore, without change of the number/pattern of antenna ports, dynamic reduction of antenna elements has no obvious specification impact.
Significant network energy saving gain could be achieved with dynamic ON/OFF of redundant TX/RX antenna ports and corresponding RF chains.  For NR, up to 32 CSI-RS antenna ports are supported for FD-MIMO. The CSI acquisition and report is based on per CSI-RS antenna port. Therefore, dynamic ON/OFF of RF chains will have the results of reducing number of antenna ports, which decrease the spatial multiplexing capability. As shown in Figure 8, 8 CSI-RS ports within NZP CSI-RS ports pattern aggregated by 6 CDM-4 groups are muted because some RF chains are closed dynamically. To support fast activation of muted antenna ports, only micro sleep could be performed for closed RF chains.
[image: ]
[bookmark: _Ref111112080]Figure 8: CSI-RS antenna ports muting
CSI enhancement should be considered for support of dynamic antenna ports adaptation. According to TS38.214 [5], CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), layer indicator (LI), rank indicator (RI), L1-RSRP, etc, and periodic/SPS/aperiodic CSI report mechanisms are supported by UE. When multiple periodic/SPS CSI associated with different patterns of antenna ports were configured to measure/report by UE, it will require huge UCI overhead/UL resources and additional UE power consumption, especially for codebook of type II CSI. Therefore, if dynamic antenna ports adaptation was supported, NZP CSI-RS muting pattern should be indicated to UE for improvement of link adaptation performance with group/cell common signaling.  UE should perform CSI measurement/report based on resource setting configured by dynamic antenna port adaptation indication. With gNB’s implementing, aperiodic CSI report mechanism could be used for support of simultaneous multiple CSI reports associated with different patterns of antenna ports, e.g., each aperiodic CSI trigger state could be associated with multiple CSI-ReportConfig Report Settings where each Report Setting is linked to a resource setting associated with a NZP CSI-RS ports pattern. Compared with periodic CSI report, aperiodic CSI report mechanism has lower UCI overhead and CSI report delay for simultaneous reporting multiple CSI associated with different antenna port patterns. Antenna ports adaption could affect legacy CSI acquisition/reporting, enhanced CSI acquisition/reporting to support friendly coexistence with legacy UEs could be further considered.                                  
Dynamic antenna adaptation could provide obvious energy saving gain but also could degrade performance of reception of SSB/SIB/one-port CSI-RS significantly. To avoid performance loss of cell residence/PRACH/channel tracking/RMM measurement/beam management for RRC connected/idle mode UEs, gNB should improve transmission power of SSB and one-port CSI-RS via implementation to ensure no performance loss of cell coverage.
[bookmark: _Hlk101886540]It is also noted that dynamic antenna adaptation might degrade performance of legacy UE as antenna adaptation information could be indicated to legacy UEs semi-statically through RRC reconfiguration. The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied. 
The system level evaluation is performed for dynamic antenna adaptation scheme with the simulation assumptions shown in Table 12 in Appendix.
· Baseline system configuration : gNB with 64 TxRU
· Dynamic antenna adaptation scheme: gNB dynamic adaptation of the number of TxRU from 64TxRU to 32 TxRU
The evaluation result of network energy saving for dynamic antenna adaptation is shown in Table 5. From the evaluation results in Table 5, we could observe that:
· The gNB could obtain 12.3% ~ 25.4% network  energy saving gain  with  1.6%~3.2% UPT loss and 2.5%~5.3% latency loss by TxRU dynamic on/off.  
· The network needs to increase the network energy saving gain and minimize system performance loss in UPT loss or latency loss.

[bookmark: _Ref111040378]Table 5: The energy saving gain of the gNB with TxRU dynamic adaptation under the different system loads
	System load
	Average ESG
	Average UPT loss
	Average latency loss

	16%
	12.30%
	1.60%
	2.50%

	32%
	19.60%
	1.80%
	2.60%

	46%
	25.40%
	3.20%
	5.30%



Proposal 8:  The network energy saving technique of adaptation of dynamic antenna adaptation scheme (Technique#C-1) provides 12.3% -25.4% network energy saving gain with 1.6%-3.2% UPT loss and 2.5%~ 5.3% latency loss, under  different system loads, which the system load is derived from different number of users in  FTP3 traffic model.
The CSI acquisition/reporting enhancement should be included in work of Technique#C-1: dynamic adaptation of spatial elements network energy saving technique to maintain the link adaptation gain.
·  Support of dynamic adaptation of spatial elements.
· NZP CSI-RS ports adaptation information should be indicated to UE with group/cell common signaling.
· gNB should ensure no performance loss of cell residence/PRACH/channel tracking/RMM measurement/beam management.
· The dynamic antenna adaptation technique should support the coexistence with legacy UE.  
· Support of CSI acquisition/reporting enhancement.
· Large UCI overhead/UL resources and additional UE power consumption for should be avoided.
· CSI acquisition/reporting could be performed based on CSI-RS antenna ports muting information.

Technique #C-2: TRP muting/adaptation in multi-TRP operation 
The network energy saving technique of TRP muting/adaptation in multi-TRP operation in spatial domain was agreed in RAN1#110bis-e as follows,
	· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 



Multi-DCI based multi-TRP transmission schemes have been specified for performance improvement of eMBB and URLLC transmission since Rel-16. For an active DL BWP of a serving cell, coresetPoolIndex in ControlResourceSet IE is configured to UE by higher layer signalling [3]. If coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET [4], two CORESET pools are provided to different TRPs for PDCCH transmission.  When two CORESET pools are configured for an active BWP of UE, multi-TRP can schedule two PDSCH transmissions by two PDCCHs independently with each PDCCH associated with its CORESET pools. Dynamic ON/OFF of multi multi-TRP could provide network energy saving gain compared with semi-static ON/OFF of multi-TRP deployment especially in light load scenario. 
When the TRP is turned off, RS (e.g., CSI-RS/TRS) can be configured with longer periodicity for UE CSI measurement to achieve good trade-off between energy saving gain of gNB and spatial domain link adaptation. If TRP ON/OFF in TRP adaptation is dynamically indicated to UE, UE also does not need to monitor PDCCH associated with OFF-TRP and achieves the power saving.  
From network perspective, TRP adaptation in multi-TRP could be realized b by C-RAN/V-RAN type of network architecture with single CU controlling multiple DUs or tightly coupled cooperation among different TRPs with separated CUs.  
The system level evaluation is performed for dynamic TRP adaptation scheme with the simulation assumptions shown in Table 13 in Appendix.
· Baseline: Two TRPs are always ON.
· Dynamic ON/OFF of multi-TRP: If one TRP is turn off, 160ms CSI-RS transmission is applied for this TRP.
The evaluation result of network energy saving for dynamic TRP muting/adaptation is shown in Table 6. It is observed that the gNB could obtain 19.7% ~ 28.7% network energy saving gain with different system loads by dynamic on/off of m-TRP.  For simplicity, one TRP is turned off for zero system loads and 160ms CSI-RS/TRS is transmitted. Otherwise, both two TRPs are used for data transmission simultaneously. For low system loads, sparse CSI-RS/TRS transmission allows one TRP to enter deep sleep state for network energy saving without UPT/latency loss.
[bookmark: _Ref118108539]Table 6: The energy saving gain of the TRP muting/adaptation in m-TRP operation under the different system loads
	The evaluation scheme
	System load = 8%
	System load = 16%
	System load = 32%

	Average ESG of TRP muting/adaptation in m-TRP operation
	28.4%
	28.7%
	19.7%



Proposal 9: The network energy saving technique of TRP muting/adaptation in multi-TRP operation (Technique#C-2) provides 19.7%-28.7% network energy saving gain without UPT/latency loss for low, light and medium system loads, which the system load is derived from different number of users in FTP3 traffic model.  
Support of TRP adaptation network energy saving needs the specification of dynamic signalling for TRP ON/OFF indication and the associated UE behaviors.    
· TRP Adaptation in multi-TRP deployment should be dynamically indicated to UE. 
· UE Behaviour during TRP off-duration should be specified. 
· Within TRP off-duration, CSI-RS with long periodicity should be configured for UE CSI measurement to achieve good trade-off between energy saving gain of gNB and link adaptation.

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



Dynamic adjustment of transmission power has potential in reducing network power consumption. Adjustment of transmitted power to the input of PA would have degree of network energy consumption variation. However, the static power consumption of the RF chains has large fraction in RF power consumption at the gNB. The PAE( Power Added Efficiency)  decreases in proportion as the transmitted power at the input of PA decreases. The dynamic variation of PA power consumption associated with the input Tx power of PA would not provide much energy saving gain due to PAE for reducing the Tx power. 
The system level evaluation is performed for dynamic TRP adaptation scheme with the simulation assumptions shown in Table 14 in Appendix. The evaluation result of network energy saving for dynamic power adaptation is shown in Table 7. It is observed that the gNB could obtain 3.9% ~ 9.2% network energy saving gain with different system loads by dynamic adaptation of transmission power of PDSCH. Compared with RF chains ON/OFF adaptation described in section 3.3, dynamic adjustment of gNB’s transmission power has much less energy saving gain. Adaptation of transmission power of signals and channels also could be achieved more effectively through time domain scheduling adaptation with fixed PSD or dynamic adaptation of spatial elements. 
[bookmark: _Ref118137312]Table 7：The energy saving gain of adaption of transmission power of PDSCH 
	The evaluation scheme
	System load = 9%
	System load = 18%
	System load = 23%

	Average ESG of TRP muting/adaption
	3.9%
	7.7%
	9.2%



Proposal 10: The network energy saving technique of adaptation of transmission power of signals and channels (Technique #D-1) provides 3.9%-9.2% network energy saving gain for different system loads, which the system load is derived from different number of users in FTP3 traffic model.  
· Dynamic power allocation is an implementation issue without any specification impact
Improvement of power efficiency 
The PA is a key component of DL RF chain and PA power accounts for the main part of AAU power consumption. The typical non-linear response of most PA is undesirable because it results in in-band/out-of-band distortion of the amplified signal. The traditional power back-off method reduces the efficiency of power amplifiers dramatically. Adaptation of gNB transceiver algorithms can be used to improve power efficiency. For example, digital pre-distortion (DPD) technique has widely used by gNB vendor to linearize the non-linear response of a power amplifier over an operating region. It uses digital signal processing techniques to condition a baseband signal prior to modulation, up-conversion, and amplification by the power amplifier. As a result of this conditioning, the cascade of the digital pre-distortion response and the power amplifier response produces the desired linear response, as shown in Figure 9. Digital pre-distortion technique could increase the PSD of DL link and the DL coverage footprint. However, complex operating process and heavy computational resources are required as shown in Figure 10, which would require additional power consumption. DPD technique could provide limited impact in gNB power consumption. 
Proposal 11: Digital pre-distortion technique could increase the PSD of DL link and the DL coverage but provide limited impact in gNB power consumption.
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[bookmark: _Ref111112228]Figure 9: Power amplifier characteristic
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[bookmark: _Ref111112306]Figure 10: Digital pre-distortion block diagram

Conclusion 
In this contribution, network energy saving techniques in time, frequency, spatial and power domain are discussed.  We have the following observations and proposals:
Proposal 1: The network energy saving technique of adaptation of common control channel periodicity (Technique#A-1) in the range of 40, 80, and 160 ms provides the energy saving gain of 10.2% to 84.8%, for zero system load, 3.0%-19.6% for low system load, 1.9%-5.6% for light system load, and 1.3-2.6% for medium system load, which the system load is derived from different number of users in FTP3 traffic model. 
· The adaptation of transmission periodicity of SSB/SIB should be supported only up to 160 ms SSB periodicity for the network energy saving to ensure UE staying in-sync.
· With the increase of the transmission periodicity of common control channels/signals in a cell, legacy RRC Idle/Inactive mode UE could fail in the cell detection for the cell selection and initial access procedure in this cell.  
· A window of short periodicity SSB embedded in the long SSB periodicity as shown in Figure 3 could be used to assist out-of-sync UE expediting the network synchronization.   The embedded window of 20 ms periodicity SSB could also be configured at each paging occasion to minimize the impact to the legacy IDLE/Inactive mode UE.  
· The UE network access delay would increase with the increase the periodicity of the common control channel.   

Proposal 2: The network energy saving technique of adaptation of SSB (Technique#A-6) with semi static cell ON/OFF provides the energy saving gain of 22.0%-43.6% with and without the additional cell DTX, respectively, during cell ON, which the low system load assumes 1 UE per cell in FTP3 traffic model. 
· The triggering mechanism of on-demand SSB transmission for the discovery of the gNB in the inactive state should be included in work of the cell ON/OFF network energy technique. 

Proposal 3: The energy saving techniques of wake up of gNB triggered by UE wake up signal (WUS) (Technique #A-3) as following should be supported and captured in TR:
· Without achieving DL synchronization, the energy saving cell could not be directly woken up by the UE via the UL WUS signal.

Proposal 4: The energy saving technique of adaptation of DTX/DRX (Technique #A-4) can obtain 47.8% -71.3% energy saving gain for low, light and median system loads. The following aspects of gNB DTX/DRX should be supported in work of adaptation of DTX/DRX (Technique #A-4):
· The gNB DTX/DRX should be supported to reduce network energy consumption for low system load state.
· The gNB DTX parameters, such as the DTX cycle, the DTX-ON offset and the duration, etc. could be configured to Rel-18 UEs via the high layer signalling to align the C-DRX of UEs.
· The gNB DTX-ON duration should completely capture the DRX-ON of UEs and at least cover the reception window of DCI format 2_6 in order not to impact the legacy UEs.
· UE behaviour/procedure would need to be specified, when gNB’s DTX/DRX is applied.
· The gNB DTX/DRX coordination in Uu, Xn and NG should be supported for reduction of network energy consumption.

Proposal 5: The network energy saving technique of SCell activation/deactivation enhancement technique (Technique #B-1) in frequency domain provides the network energy saving gain of 20.3%~30.3% under low, light and medium system loads, which the system load is derived from different number of users in  FTP3 traffic model.
· To reduce network energy consumption, SCell RFs could be turned off without SSB/ PDCCH/RS transmission.
· Dynamic and fast activation/deactivation enhancement for SCells should be specified to enable the dynamic SCell ON/OFF for network energy saving. 

Proposal 6: The network energy saving technique of SSB enhancement for SCells in case of inter-band CA (Technique #B-1) could be supported in frequency domain.
· SSB-less transmission in PCell should not be supported.
· If SSB enhancement for SCells in case of inter-band CA is considered, DL synchronization, AGC and QCL assumption performance should be ensured.

Proposal 7: The network saving technique of dynamic bandwidth adaption (Technique #B-2) for gNB energy saving could be supported in frequency domain.
· Group common signaling based dynamic cell-specific energy saving BWP switching mechanism should be included in work of dynamic adaptation of bandwidth part of UE(s) within a carrier.

Proposal 8:  The network energy saving technique of adaptation of dynamic antenna adaptation scheme (Technique#C-1) provides 12.3% -25.4% network energy saving gain with 1.6%-3.2% UPT loss and 2.5%~ 5.3% latency loss, under  different system loads, which the system load is derived from different number of users in  FTP3 traffic model.
The CSI acquisition/reporting enhancement should be included in work of Technique#C-1: dynamic adaptation of spatial elements network energy saving technique to maintain the link adaptation gain.
·  Support of dynamic adaptation of spatial elements.
· NZP CSI-RS ports adaptation information should be indicated to UE with group/cell common signaling.
· gNB should ensure no performance loss of cell residence/PRACH/channel tracking/RMM measurement/beam management.
· The dynamic antenna adaptation technique should support the coexistence with legacy UE.  
· Support of CSI acquisition/reporting enhancement.
· Large UCI overhead/UL resources and additional UE power consumption for should be avoided.
· CSI acquisition/reporting could be performed based on CSI-RS antenna ports muting information.

Proposal 9: The network energy saving technique of TRP muting/adaptation in multi-TRP operation (Technique#C-2) provides 19.7%-28.7% network energy saving gain without UPT/latency loss for low, light and medium system loads, which the system load is derived from different number of users in FTP3 traffic model.  
Support of TRP adaptation network energy saving needs the specification of dynamic signalling for TRP ON/OFF indication and the associated UE behaviors.    
· TRP Adaptation in multi-TRP deployment should be dynamically indicated to UE. 
· UE Behaviour during TRP off-duration should be specified. 
· Within TRP off-duration, CSI-RS with long periodicity should be configured for UE CSI measurement to achieve good trade-off between energy saving gain of gNB and link adaptation.

Proposal 10: The network energy saving technique of adaptation of transmission power of signals and channels (Technique #D-1) provides 3.9%-9.2% network energy saving gain for different system loads, which the system load is derived from different number of users in FTP3 traffic model.  
· Dynamic power allocation is an implementation issue without any specification impact

Proposal 11: Digital pre-distortion technique could increase the PSD of DL link and the DL coverage but provide limited impact in gNB power consumption.
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Appendix: Simulation assumptions

[bookmark: _Ref115194398]Table 8: Evaluation assumption for SSB transmission reduction scheme
	Case
	Configuration 

	Baseline
	· SSB periodicity:  20ms.
· SIB1 periodicity: 20ms.
· Other SIBX periodicity : 320ms,  X≠1 
· Bandwidth:100MHz
· TxRU:64
· Transmission power: 55dBm
· Traffic model: FTP model3, inter-arrival time = 200ms; with 05Mbtyes packet size; different system load is with different number of UEs, 0, 1, 2, 4 UE(s) per Cell.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
· DRX-on, with SSB periodicity 20ms, with CSI-RS/TRS 10ms;
· DRX-off, with SSB periodicity 20ms; 

	Case1: Zero load
	· SSB periodicity : 20ms ,40ms, 80ms, 160ms, L=4;
· SIB1 periodicity aligned with SSB at 20ms, 40ms, 80ms, 160ms;
· Other SIB-x: 320ms
· Bandwidth:100MHz
· TxRU:64

	Case2: Non zero load
	· SSB periodicity: 20ms,40ms, 80ms, 160ms, L=4;
· CSI-RS/TRS periodicity:  10ms.
· SIB1 periodicity : 20ms, 40ms, 80ms, 160ms;
· Other SIBs periodicity: 320ms
· Bandwidth:100MHz
· TxRU:64
· Traffic model: FTP model3, inter-arrival time = 200ms; with 0.5Mbtyes packet size; different system load with different number of UEs, 1, 2, 4 UE(s) per Cell.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
· DRX-on, with SSB periodicity 20ms, with CSI-RS/TRS 10ms;
· DRX-off, with SSB periodicity 20ms; 



[bookmark: _Ref115194569]Table 9: Evaluation assumption for semi-static/dynamic cell ON/OFF scheme
	Case
	Configuration 

	Baseline
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIBX periodicity: 320ms, X≠1. 
· Bandwidth:100MHz.
· TxRU:64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms).
· SSB periodicity: 20ms.
· CSI-RS/TRS periodicity:  10ms.

· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, 1UEs per cell for low system load;
· DTX configuration:  
· gNB starting offset of DTX on locate before UE DRX on duration in order to support UE wakeup.
·  SSB periodicity: 20ms. 
· CSI-RS/TRS periodicity: 10ms.


	Cell ON/OFF
	Cell ON:
· SSB periodicity: 20ms.
· SIB1: with periodicity 20ms.
· Other SIBX: 320ms, X≠1.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms).
· SSB periodicity: 20ms. 
· CSI-RS/TRS periodicity: 10ms.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, 1UEs per cell for low system load.
· Bandwidth: 100MHz.
· Transmission power: 55dBm.
CELL OFF:
· Without normal SSB/SIB/CSI-RS transmission within Cell off duration.
· On demand SSB transmission is trigger by neighbour cell. 
· Transmission duration: 300ms
· SSB periodicity within transmission duration : 20ms
· Cell is from Cell off to Cell on state.



[bookmark: _Ref115194701]Table 10: Evaluation assumption for gNB DTX scheme
	Case
	Configuration 

	Baseline
	· SSB periodicity: with 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms
· Bandwidth:100MHz
· TxRU:64
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms.

· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n UEs per cell;
· Bandwidth: 100MHz;
· Transmission power: 55dBm;
· DCP: occupy 2slots, minimum gap = 1slot 


	DTX
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIBX periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
· SSB periodicity 20ms;
· CSI-RS/TRS 10ms;
· MAC-CE command terminate DRX inactivity timer in advance.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n UEs per cell.
· Bandwidth: 100MHz.
· Transmission power: 55dBm.
· DCP: occupy 2 slots, minimum gap = 1slot. 
· DTX configuration:  
· gNB starting offset of DTX on locate before UE DRX on duration in order to support UE wakeup;
·  SSB periodicity: 20ms;
·  CSI-RS/TRS periodicity: 10ms.




[bookmark: _Ref118208149]Table 11: Evaluation assumption for SCell activation/deactivation enhancement
	Case
	Configuration 

	Baseline
	PCell
· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms.
· Bandwidth:100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms;
· MAC-CE could terminate the inactivity timer in advance.

Activated SCell:
· SSB periodicity: with 20ms.
· Temporary TRS: 2slot.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms;
· MAC-CE command terminate DRX inactivity timer in advance.

Deactivated SCell:
· Legacy SCell deactivation scheme with normal SSB transmission.
· SCell from deactivation to activation:
· Rel-17 MAC-CE based temporary TRS.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n UEs per cell.

	SCell activation/deactivation enhancement
	PCell
· SSB periodicity: with 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms
· Bandwidth:100MHz
· TxRU:64
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms.
· MAC-CE could terminate the inactivity timer in advance.
Activated SCell:
· SSB periodicity: with 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms
· Bandwidth:100MHz
· TxRU:64
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms;
· MAC-CE command terminate DRX inactivity timer in advance.

SCell deactivation enhancement:
· SCell deactivation: No any DL signal transmission;
· SCell from deactivation(OFF) to activation(ON): 
· Total 40ms transmission of on demand SSB and additional temporary TRS transmission.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n UEs per cell.



[bookmark: _Ref115193797]Table 12: Evaluation assumption for gNB with TxRU dynamic adaptation
	Case
	Configuration 

	Baseline
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIB periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· CSI-RS/TRS 10ms.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, 1, 2, 4 UEs per cell for different system load.
· Bandwidth: 100MHz.
· Transmission power: 55dBm.


	Spatial antenna adaptation
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· CSI-RS/TRS 10ms.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, 1, 2, 4 UEs per cell for different system load.
· Bandwidth: 100MHz.
· Transmission power: 55dBm.
· Spatial antenna adaptation:  64TxRU adapts to 32 TxRU when CQI is higher than threshold value X (e.g., 28dB for 64QAM); if one of served UEs satisfy the gNB spatial antenna adaption condition, the gNB could reduce its TxRU.  The scheduling algorithm is based on PF, and the scheduler does not consider the PF factor update if the gNB TxRU reduce from 64TxRU to 32 TxRU.




[bookmark: _Ref118128066]Table 13: Evaluation assumption for dynamic TRP muting/adaption scheme
	Case
	Configuration 

	Baseline
	· SSB periodicity: with 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms.
· Bandwidth:100MHz
· TxRU:64
· DRX configuration: 
·  (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms;
· MAC-CE command terminate DRX inactivity timer in advance.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n={0, 1, 2, 4} UEs per cell.
· M-TRP configuration:
· One cell is configured with 2TRPs.
· SSB, SIB1, other SIBs are transmitted on one TRP.
· Total transmission power: 55dBm.
· Both of TRP are activated.


	m-TRP ON/OFF
	· SSB periodicity: with 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms
SSB, SIB1, other SIBs are transmitted on one TRP.
· Bandwidth:100MHz
· TxRU:64
· Transmission power: 55dBm.
· DRX configuration: 
· (DRX-cycle, on duration timer, inactivity timer) = (160ms, 8ms, 100ms);
·  SSB periodicity: 20ms;
· CSI-RS/TRS periodicity: 10ms.
· MAC-CE command terminate DRX inactivity timer in advance

· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes,  n={0, 1, 2, 4} UEs per cell;
· M-TRP ON/OFF :
· One cell is configured with 2TRPs. 
· SSB, SIB1, other SIBs are transmitted on one TRP.
· TRP OFF: 160ms SSB/CSI-RS transmission. When TRP is activated, additional CSI-RS/TRS is transmitted before data scheduling. 





[bookmark: _Ref118137253]Table 14: Evaluation assumption for power adaptation 
	Case
	Configuration 

	Baseline
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIB periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Transmission power: 55dBm.
· CSI-RS/TRS 10ms.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, n={0, 1, 2, 4} UEs per cell for different system loads.

	Power  adaptation
	· SSB periodicity: 20ms.
· SIB1 periodicity: 20ms.
· Other SIBs periodicity: 320ms.
· Bandwidth: 100MHz.
· TxRU: 64.
· Maximum Transmission power: 55dBm.
· CSI-RS/TRS 10ms.
· Traffic model: FTP3, inter-arrival time = 200ms, packet size = 0.5Mbytes, 1, 2, 4 UEs per cell for different system load.
· Power domain adaptation:  Power adaptation for PDSCH when CQI is higher than threshold value X; if one of served UEs satisfy the gNB power adaption condition, the gNB could reduce its maximum transmission power. The scheduling algorithm is based on PF.
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