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1. Introduction
During the discussion in RAN1 #110b meeting, there was hot discussion on NES, and several potential techniques to enable NES were summarized and shown in Appendix. Based on the summary description of potential techniques, we will discuss the schemes in time, spatial, frequency and power domains. In addition, the UE assistance information for NES will also be discussed. We also provide some overall considerations towards recommendations. 
2. Overall considerations
[bookmark: _Hlk118652130][bookmark: _Hlk118719693]The BS energy saving techniques are generally of two classes: 1) enable BS energy saving without (obvious) performance loss/impact, at the cost of new UE capability/behavior, which includes e.g. SSB-less operation; and 2) bring BS energy saving at the cost of performance impact, e.g. the adaptation of TRX chains. 
In the first class, such techniques would preferably be specified considering the energy saving gain with no obvious performance impact. Meanwhile, a new UE capability does not necessarily mean a significant UE complexity increment, and it is desirable to make such gains available early to take advantage of the faster pace of UE design evolution. 
In the second class, it certainly also requires new UE features for standardized enhancement, and it would be important to set a goal to identify the suitable configuration and use cases, and minimize the performance impact for these techniques.
Observation 1: BS energy savings without performance impact is possible, and techniques for those are preferable to be specified in early phase.
In previous meetings, two BS categories are considered for BS power modeling. One may be considered as aggressive and the other may be conservative. Techniques under different BS categories may lead to different observations, however, cross-comparison among BS categories may not be very critical, since the goal for this study is not to identify suitable BS implementation. Unlike UE implementation, the difference/gap among different BS types can be huge, therefore different vendors and operators may be able to benefit from different implementations. The group may consider which type of implementations fit their networks today or in the future.
Observation 2: Techniques to be evaluated under different BS categories are not aimed for identifying specific BS implementations for energy saving purpose. 
3. Time domain and frequency domain
The nature of time domain techniques for BS energy savings is to enable more opportunities for BS going to sleep/inactive. The transmission from such ‘muted’ duration may be replaced in other domain, e.g. frequency domain, or by other procedure, e.g. alternatively from other on-going/existing signals or dynamically/efficiently triggered, or completely skipped with performance impact on certain KPIs.  
Among them, the most promising techniques in our view is the adaptation of SSB and SIB1. When there is no data, the BS can reduce power consumption by symbol muting. More efficient symbol muting can be achieved by simplifying some always-on signals/channels. In NR, some common signals (e.g., SSB, SIB1, other SI, paging, PRACH) are transmitted/received by the base station to guarantee that the cell is detectable by UEs. These common signals occupy a certain number of symbols, in which the BS cannot be shut down or go into a sleep mode for energy saving. 
As shown in Table 1, under some typical configurations, the ratios of the SSB and SIB1 in time domain (symbol) can be up to 30% for FR1 and 15% for FR2. 
[bookmark: _Ref100590119]Table 1 Tim domain resource occupancy of always-on common signals
	
	FR1 @ 30kHz & 8 beam
	FR2 @ 120kHz & 64 beam

	SSB 
	6.5%
	14.8%

	SIB1
	22.7%
	14.8%

	Total
	29.2%
	14.8%

	System configuration:
· Frame structure is 7D : 1S : 2U 
· periodicity of SSB and SIB1 = 20ms and SIB1 is slot-based transmission
· SSB/CORESET multiplexing pattern = Pattern 1 for FR1 and Pattern 3 for FR2



Observation 3: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.
SSB-less or SIB1-less by nature enables BS energy savings by fewer/no SSB/SIB1 transmission in a current carrier, with UE sync/system information achieved from other carriers in frequency domain. Therefore, they can be viewed as time domain or frequency domain techniques, which does not matter where they are classified as long as clear description and proper evaluation is performed. We will discuss these techniques and propose TR texts generally following current technique classification as given in previous FL summary. 
3.1 Technique #A-1, #A-6 and #B-1
Inter-band SSB-less SCell
For inter-band CA, if the BS can maintain the synchronization between different CCs (like anchor carrier and ES carrier in Figure 3), the SSB on ES carrier can be completely skipped, i.e. SSB-less as illustrated in Figure 3, achieving additional shutdown or sleeping time. The UE on ES carrier can acquire time and synchronization based on the SSB on anchor CC.
For inter-band CA, the current specification only requires that the TAE shall not exceed 3us, which does not mean finer synchronization for inter-band CA is not possible between PCell and SCell. As one obvious scenario where different bands for a same gNB are co-located, it is feasible to achieve inter-band sync across carriers. Certain RAN4 sync/performance requirements could be needed, which can be taken in the normative work.
Observation 4：Inter-band SSB-less SCell is feasible, while new BS requirements can be done in normative work.
As shown in [1], compared to the baseline power consumption where SSB is transmitted, SSB-less operation can achieve 14.4% energy saving gain in empty load case and 9.3% in low load case (e.g. 10%RU). Meanwhile, the energy saving gain decreases as the data load increases, and 5.7% gain remains when RU is 30%. Therefore, inter-band SSB-less SCell operation should be recommended for network energy saving based on the significant energy saving gain.
Proposal 1：Capture the following description in TR and recommend inter-band SSB-less SCell for network energy saving:
Multi-carrier energy saving enhancements is studied including inter-band SSB-less SCell where the SSB on SCell can be completely skipped. The UE on SSB-less SCell can acquire synchronization based on the SSB transmitted on another CC.
The potential specification impact in RAN1 includes: 
· No obvious specification impact in physical layer [RAN1]
The potential specification impact in RAN2/RAN3 includes: 
· Define new UE capability supporting inter-band SSB-less operation [RAN2]

Even faster SCell activation and deactivation
SSB-less operation is also beneficial for the SCell activation and deactivation. In the Rel-17 SCell activation procedure, aperiodic TRS (termed temporary RS) is introduced to replace SSB to reduce the delay of frequency/time synchronization, as shown in Figure 1. Since the UE can acquire time and frequency synchronization based on the SSB/TRS on another CC instead of the SSB/TRS on the SCell which is re-activated, SCell activation procedure can be further simplified when SSB-less operation is used on the gNB, as shown in Figure 2. In this way, the latency of fast SCell activation could be reduced from ~12ms to ~6ms, or to even lower values with additional improvements. Considering multiple served UEs could be impacted when the gNB switches off a SCell, group-common/cell-specific signalling for SCell (de)activation could be further studied.
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	Figure 1 SCell activation procedure in Rel-17 
	Figure 2 SCell activation procedure with SSB-less


Observation 5: For SCell (de)activation, the UE can acquire time and frequency synchronization based on the reference signal, e.g. SSB, TRS and etc., on another CC to further reduce the BS energy and reduce the latency of SCell (de)activation.
Proposal 2：Capture the following description in TR and recommend fast SCell activation/deactivation together with inter-band SSB-less SCell.
When UE can get synchronization from other cells, fast activation/de-activation of SCell can be achieved along with intra-band/inter-band SSB-less. UE can acquire time and frequency synchronization based on the SSB/TRS on another CC to reduce the latency of fast SCell activation. 
The potential specification impact in RAN1 includes:
· No obvious specification impact in physical layer [RAN1]
The potential specification impact in RAN2/RAN3/RAN4 includes:
· New fast SCell activation procedure.

SIB1-less operation in non-CA case
SIB1-less operation is a promising mechanism to reduce gNB energy consumption of an energy saving (ES) carrier, while a UE with non-CA operation is able to receive SIB1 from an anchor carrier. As shown in Figure 3, the original SIB1 on ES carrier can be transmitted on anchor carrier, which can reduce 22.7% symbols from being active in time for ES carrier and can enlarge the shutdown or sleeping time for energy saving.
Note that the SIB1-less operation does not have to be used for UEs configured with Carrier Aggregation (CA), which is a feature/functionality defined from UE perspective. The SIB1-less operation can be used in multi-carrier deployment by a gNB, which can serve UEs with or without CA features configured. 
Observation 6: SIB1-less only operation does not require CA operation from UE perspective.
Furthermore, the SIB1-less operation can also bring large latency reduction for a UE, compared to carrier aggregation and handover mechanisms. In legacy specification, the UE camps on a carrier which can be e.g. the same carrier as the anchor carrier under the SIB-less operation, and gets access to the carrier when traffic arrives, and after a large latency due to the RRM measurements, reports and configurations, gNB can handover the UE to another carrier that could be the ES carrier in the SIB-less operation, or add the carrier corresponding to the ES carrier as an SCell for the UE. However, for SIB-less operation, the UE can camp on the anchor carrier to receive SIB1 and paging, through which the system information of ES carrier can be acquired. When needing to access the network, the UE can directly perform RACH on the ES carrier. The scheme advantages for comparison can be found in Table 2. When SIB-less operation is deployed on gNB, legacy UEs served by the gNB can camp and access to the anchor carrier for backward compatibility and the ES carrier (s) can be added as SCell for UEs supporting carrier aggregation if traffic load is high. The Rel-18 UE can be configured to access to ES carrier for fast access depending on the load situation on the anchor carrier. 
Table 2 Scheme comparisons for SIB-less and existing CA/handover procedures
	
	Handover mechanism
	Carrier aggregation mechanism
	SIB-less operation

	Difference regarding the handling of the non-anchor carriers 
	Handover the UE to ES carrier after accessing anchor carrier
	Add ES carrier as SCell of the UE after accessing anchor carrier
	UE can directly access to ES carrier after camping on anchor carrier

	Additional procedure that impacts latency
	Measurement configuration, measurement and report, handover procedure
	Measurement configuration, measurement and report, SCell addition
	None



As shown in [1], compared to the baseline power consumption where SSB and SIB1 are both transmitted, SIB1-less operation can achieve 33.6% energy saving gain in empty load case and 26.2% in low load case (e.g. 10% RU). While traffic reaches medium load (i.e. 30% RU), SIB1-less operation still remains 16% energy saving gain. Therefore, SIB1-less operation in non-CA case should be recommended for network energy saving based on the significant energy saving gain. Depending on the sync capability from another carrier, SSB may be simplified or replaced with a light version, e.g. discovery reference signal (DRS).
Proposal 3: Capture the following description in TR and recommend SIB1-less operation for network energy saving:
Adaptation of SIB1 is studied including SIB1-less only operation where a UE with non-CA operation obtains SIB1 of the current carrier from another carrier. The synchronization of a current carrier is based on the SSB of the same carrier or a simplified version of SSB, where the remaining information in the SSB is obtained from another carrier.
The potential specification impact of SIB1-less operation in RAN1 includes: 
· No obvious specification impact in physical layer [RAN1]
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Figure 3 Cross carrier assistance for SSB/SIB1 transmission

SSB & SIB1-less
If the BS can maintain the synchronization between different carriers (like anchor carrier and ES carrier in Figure 3), the SSB on ES carrier can be completely skipped, i.e. SSB-less as illustrated in Figure 3, achieving additional shutdown or sleeping time. The UE on ES carrier can acquire time and synchronization based on the SSB on anchor carrier. As shown in [1], compared to the baseline power consumption where SSB is transmitted, SSB-less operation can achieve 14.4% energy saving gain in empty load case and 9.3% in low load case (e.g. 10%RU). Meanwhile, the energy saving gain decreases as the data load increases, and 5.7% gain remains when RU is 30%. Therefore, SSB-less and SIB1-less operation in non-CA case should be recommended for network energy saving based on the significant energy saving gain.
The SSB-less for SCell bring BS energy savings by saving SSB transmission for CA case, while SIB1-less for multi-carrier brings energy savings by saving SIB transmission for the current carrier, wherein SSB is still needed for UE sync. There may be scenarios that SSB can be utilized for a different carrier without requiring CA, for example, co-located deployments of multiple bands. The nature of energy savings is similar to SSB-less only or SIB1-less only, and can also be considered for certain scenarios.
Observation 7: For SIB1-less operation in non-CA, SSB or simplified SSB (if supported) transmission on a SIB1-less carrier can be further skipped while UE gets synchronization from another carrier.
Proposal 4: Capture the following description in TR and recommend SSB-less together with SIB1-less operation for network energy saving:
Together with SIB-less only, SSB-less operation is possible where a UE with non-CA operation obtains the SIB1 of the SIB1-less carrier from another carrier and also acquires synchronization based on the SSB on the same carrier containing the SIB1 of the SIB1-less carrier. 

On demand SSB/SIB1
On demand SSB/SIB1 is another efficient mechanism to reduce the transmission SSB/SIB1, as shown in Figure 4, where the transmission of SSB/SIB1 can be triggered by an uplink signal, e.g. WUS. It means the SSB/SIB1 are only transmitted when UE requires for them and the SSB/SIB1 shall stay muted while the uplink trigger signals is not detected. In this way, the energy consumption due to SSB/SIB1 transmission can be significantly reduced. Especially, for FR2 which is deployed in a standalone manner, due to different activeness among beams and new/few legacy UEs in FR2, there may be further room to reduce the need of SSB/SIB1 through on-demand SSB/SIB1 mechanism. 
[image: ]
Figure 4 On-demand SSB/SIB design 
It should be noted that, for operation with single carrier, UE should achieve time-frequency synchronization with gNB before uplink triggered signal transmission. Therefore, for on-demand SSB scheme, a synchronization signal is needed. One promising approach is to use light/simplified SSB, e.g. discovery reference signal (DRS) such as in LTE small cell design with a similar function, as synchronization signal. For example, in NR network energy saving study, a two-symbol DRS can be assumed, which consists of SSS and PSS for downlink synchronization and cell discovery, and occupies 20RB in the frequency domain (same as SSB). The broadcast periodicity of the DRS could be the same as that of SSB, e.g. 20 ms, to guarantee the performance of cell discovery. And the time-frequency resource of WUS occasions for UE sending WUS can be indicated in DRS. The interval between two neighbour WUS occasions could be 20ms. Upon detection of WUS in a WUS occasion, gNB will start to broadcast SSBs and SIB1 for N times periodically from the next SSB-burst, where N can be 1 or 2 to ensure UE can receive SSB reliably and SIB1 correctly. To ease analysis, for a carrier performing energy savings with no UEs, named as idle ES CC, the probability that gNB receives a WUS signal in a WUS occasion is assumed to be p, where p could be e.g. 1%, which is determined according to different UE density and HO probability. By the above assumptions, the technique of on-demand SSB/SIB1 transmission with light/simplified common signal can be evaluated.
It can be also noted that for some cases where SSB may not be transmitted, on-demand SSB/SIB may also be useful to help trigger an SSB/SIB1 for assisting the UE sync/system information acquisition. 
Proposal 5: Capture the following description in TR and recommend on-demand SSB/SIB1 for network energy saving:
Adaptation of SSB/SIB1 is studied including on-demand SSB/SIB1, where the transmission of SSB/SIB1 is trigged by an uplink trigger signal, e.g. WUS signal. Further, DL signal, e.g. simplified SSB, is used to aid initial access and discovery of cells in lieu of SSBs. 
The potential RAN1 specification impact of on-demand SSB/SIB1 includes: 
· Uplink trigger signal design [RAN1]
· Simplified SSBs design, e.g. PSS/SSS, DRS [RAN1]
3.2 Other time domain techniques
Technique #A-1 variations
There are several variations for adaptation of SSB/SIB transmissions. Among which, longer SSB periodicity and SIB periodicity can be viewed as a counter-solution compared with completed skipping SSB/SIB. However, the drawback of this variation is obvious – only if significantly increasing the periodicity can enable a considerable energy savings compared to SSB and/or SIB less, at the cost of UE accessing delay, SCell activation delay, and impact on UE measurement for sync. Although specification supports a large range of periodicities, more than 20 ms/40 ms is rarely used in typical commercial networks.     
Proposal 6: Longer SSB/SIB periodicity is not pursued for Rel-18 BS network energy savings.
Technique #A-2: Dynamic adaptation of UE specific signals and channels
Same as the reduction of common signals/channels, the symbols carrying UE specific signals and channels, e.g. CSI-RS, SPS PDSCH, can also be muted, when there is no data. In current specification, RRC reconfiguration is one legacy way for gNB/network to release the time domain resources of some UE specific signals and channels, such as periodic CSI-RS. Besides, some of the UE-specific signals could be also deactivated by MAC CE commands, e.g. Semi-Persistent CSI-RS resource set, Semi-Persistent CSI reporting on PUCCH, Semi-Persistent SRS. etc. Obviously, a large amount of RRC reconfiguration information or UE-specific MAC CE signalling would be exchanged between gNB and UEs to mute the symbols of the UE specific signals/channels. It would be a useful optimization to enhance the signalling, such as introduction of a UE group/cell common signalling to reduce/adapt transmission/reception of UE specific signals and channels to create more chance to mute symbols for further energy saving of gNB. 
Observation 8: Due to the signaling overhead of reconfiguration/deactivation of UE specific channels and signals, cell-specific or UE group common dynamic signaling for adaptation on UE specific signals and channels is an optimization to further decrease the energy consumption of gNB. 
Technique #A-4: Adaptation of DTX/DRX
In gNB DTX/DRX operation, gNB has the opportunity to be inactive. During the inactive duration, gNB may have no transmission/reception or only keep limited transmission/reception. Compared with UE C-DRX, gNB DTX/DRX operation could try to align the active duration for all UEs to achieve the maximum extent of the time duration without this dynamical scheduled traffic, considering that the impact on the UPT of UEs may be acceptable for low load situations. However, it may not be the case for heavy or even medium load situations.
An alternative way to implement gNB DTX/DRX is the coordination of C-DRX of UEs served by the gNB. In NR and LTE, C-DRX mechanism is a mechanism to reduce the power consumption for connected mode UEs. A UE with C-DRX is configured with an ON duration within a C-DRX cycle via RRC dedicated configuration, and the active time is defined based on a number of timers, including on duration timer, inactivity timer, and used to control the PDCCH monitoring of the UE. During the time duration which is outside active time, the UE does not monitor the PDCCHs for scheduling. Therefore, dynamically scheduled PDSCHs and PUSCHs scheduling shall not be transmitted or received. In current specification, RRC reconfiguration is the legacy way to reconfigure the C-DRX of a UE, which cannot be adapted to the dynamic fluctuation of the traffic load. Similar to the adaptation of UE specific channels and signals, the signalling overhead due to RRC reconfiguration can also be minimized to introduce cell specific or group common signalling for the purpose. In addition, the reconfiguration of the UE specific periodic or semi-persistent signals should be also jointly discussed with the coordination of UE C-DRX adaptation, considering the current UE C-DRX mechanism cannot apply to these periodic signals and channels. 
Another way to implement gNB DTX/DRX is to introduce a cell-specific gNB DTX/DRX. A cell-specific gNB DTX/DRX (i.e., active and inactive duration) can be configured by gNB via RRC signalling or other signalling. The UE behaviour/impact on signals/channels transmission and reception during the inactive duration of cell-specific DTX/DRX cycle should be studied. For example, gNB is expected to turn off all transmission and reception for data traffic and reference signal during inactive duration configured by cell-specific DTX/DRX cycle, and then the UE should not transmission and reception any signals/channel during the inaction duration.
Proposal 7：Technique #A-2 and #A-4 may be jointly considered to perform the dynamic adaptation of UE specific signals/channels and the DTX/DRX operation.
3.3 Other frequency domain techniques 
To achieve energy saving purpose for UE, using a narrow bandwidth BWP via BWP switching has been specified. Currently, similar mechanisms were discussed for network energy saving, including following possible approaches:
· network/gNB dynamic adapting the bandwidth/PRBs of a given BWP
· network/gNB switching to a group-common/cell-specific/dedicated BWP
Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
In current specification/implementation, BWP switch has a delay of several milliseconds. As a result, the network cannot transit to energy saving state in time. Moreover, unlike that the network/gNB can schedule other UEs when UE-specific BWP switch is performed for UE power saving, the switching time produced by cell-specific BWP switch at network/gNB side cannot be used for any UE, causing the decrease of the spectrum efficiency, especially for the case with frequent BWP switching. In addition, normally the gNB can configure the BWPs of UEs to be overlapped for a certain part of bandwidth. In this case, therefore, the gNB can decide by implementation to only schedule a smaller bandwidth within the overlapping part for energy saving, e.g., by reducing the sampling rate, etc. 
Observation 9: The switching time produced by cell-specific BWP switch at network/gNB side cannot be used for any UE in the cell, resulting decreased spectrum efficiency, meanwhile the same effect of smaller scheduled bandwidth could be achieved by gNB implementation.
Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP
In addition, the gNB has (almost) all the flexibility in determining the scheduled PRBs to use. Compared with the adaptation of scheduled PRBs in the same BWP, it is not clear how much further network power saving gain/benefit can be achieved by bandwidth/PRBs adaptation (e.g. via BWP switching or dynamic bandwidth adaptation within a BWP). Still, gNB can decide by implementation to only schedule a smaller bandwidth within the overlapping RBs among BWPs of UEs for energy saving as discussed above.
Observation 10: Compared with the adaptation of scheduled PRBs in the same BWP, it is not clear how much further network power saving gain/benefit can be achieved by dynamic BWP bandwidth/PRBs adaptation (e.g. via BWP switching or dynamic bandwidth adaptation within a BWP).
Proposal 8: Dynamic adaptation of BW within a BWP, and BWP within a carrier, is not pursued for Rel-18 BS network energy savings.
4. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Spatial domain
4.1  Technique #C-1: Dynamic adaptation of spatial elements
In the spatial domain, we can reduce the number of active TxRUs/antenna elements/antenna panels to achieve power saving. Especially when the traffic is small and the resource utilization is low, the transmission capacity is redundant and hence some of the transceiver chains or components can be turned off. However, the existing mechanism only support semi-static spatial adaptation, which may have impact on coverage and UPT performance. The dynamic spatial adaptation can accurately fit the service and save more power. Nevertheless, for data transmission, e.g. PDSCH, accurate link adaptation method is still needed, since the actual transmission characteristic varies dynamically according to the dynamic adaptation of spatial elements. For instance, gNB cannot determine the proper MCS and precoder based on a mismatched CSI feed backed from UE, since gNB has no knowledge about the actual transmission channel of the UE (due to dynamic adaptation of spatial elements) and the received interference of the UE. To compensate the changing CSI due to potential different spatial element muting patterns, one effective method is that UE reports multiple CSIs for different spatial element muting patterns. There could be different approaches for this concept: 
1) Measure first then shutdown: in this approach, the UE measures, possibly once, and reports the multiple CSIs assuming different antenna port patterns, then BS determines the accurate shutdown ports for UE. The pros of this is the gNB can schedule the data transmission based on the accurate CSI corresponding to current spatial elements muting pattern. In addition, the gNB can also select/adapt a proper spatial elements muting pattern based on the multiple CSIs.
2) Shutdown first then measure: by this, BS can enable/update the shutdown pattern and dynamically indicate to UE, then UE measure accordingly. This could be with similar UE measure/report procedure as current, while the drawback is lack of accurate estimation on the fast CSI fluctuation at the time of BS shutdown. 
Therefore, the first approach is more reasonable and effective way.
Observation 11: gNB cannot determine the proper MCS and precoder based on a mismatched CSI feedback from UE, since gNB has no knowledge about the actual transmission channel of the UE (due to dynamic adaptation of spatial elements) and the received interference of the UE.
Observation 12: Multiple CSI results feedback provides performance of different spatial elements shutdown cases, which assists gNB to make proper spatial elements shutdown decision.
As discussed in previous meetings, the first approach may be implemented by the current NR specification, but such methods will impact UE performance. For example, the first approach may be implemented by configuring multiple CSI report config corresponding to different spatial elements muting patterns. However, limited by UE capability of supported number of CSI reports, e.g. currently the number of CSI-reportConfig including 4 P/SP/A-CSI reportconfig per BWP and 8 simultaneous reports per CC, or CSI-resourceConfig including 256 total ports per band, this implementation leads to less CSI report flexibility in supporting the normal operation mode since some CSI report configurations are consumed for dynamic antenna adaptation. In addition, the CSI contents for different muting patterns may have large part of redundancy for compression. In other way, the first approach may be implemented by BWP switch by configuring BWP specific CSI-RS and CSI reporting configurations. However, dynamic spatial elements adaptation implies dynamic BWP switching, resulting in additional UE energy consumption and a large number of unutilized BWP switching delay.
Based on the above, dynamic adaptation of spatial elements should study at least multiple CSIs report/feedback enhancement. Multiple CSI reports enhancement aims to enable UE reporting multiple CSIs in one CSI report/feedback, where each CSI result corresponds to a spatial elements muting pattern. The potential specification impacts of multiple CSIs report/feedback enhancement includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different spatial elements muting pattern [RAN1,RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK44][bookmark: OLE_LINK45]As shown in [1], for TDD mode, compared with single CSI (i.e. only 64T CSI) cases, dynamically adjusting TRX number with multiple CSIs can obtain additional 7.7% and 13.0% energy saving gain for 10%RU and 30%RU without UPT loss. Meanwhile, considerable energy saving gain can be obtained with some tolerance of UPT loss. For FDD mode, compared with single CSI (i.e. only 32T CSI) cases, dynamically adjusting TRX number with multiple CSIs can obtain additional 7.5% and 10.3% energy saving gain in 10%RU and 30%RU without UPT loss. The potential gain of BS energy saving, replies on either that a more powerful UE support larger number of CSI configurations of various types, or that a UE can report multiple CSI results in limited number of report (e.g. one CSI report) without limiting other CSI report types. Therefore, multiple CSIs report/feedback enhancement that UE reports multiple CSI results in one CSI report/feedback where each CSI result corresponds to a spatial element muting pattern should be recommended for network energy saving based on the significant energy saving gain.
For signals/channels not used for data transmission, e.g. SSB or CSI-RS, since these signals/channels are sparse, transmission with dynamic spatial adaptation may have limited power saving gain. Also, dynamic spatial adaptation on SSB/CSI-RS may cause performance loss, especially performance loss of coverage. Further impact on CSI measurement, TCI configuration, RLM measurement, beam management and beam failure recovery may also require investigation if dynamic spatial adaptation is to be adopted on reference signals. Considering the above, the following is proposed to be captured in the TR:
Proposal 9: Capture the following description of Technique #C-1 in TR and recommend multiple CSIs report/feedback enhancement for network energy saving.
Dynamic adaptation of spatial elements for transmissions other than reference signals and SSB is studied including multiple CSIs report/feedback enhancement. Multiple CSIs report/feedback enhancement aims to enable UE reporting multiple CSI results in one CSI report/feedback, where each CSI result corresponds to a spatial element muting pattern.
The potential specification impacts of multiple CSIs report enhancement in includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different spatial elements muting pattern [RAN1, RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]
Proposal 10: Dynamic adaptation of spatial elements on CSI-RS and/or SSB is not pursued for Rel-18 BS network energy savings.
4.2 Technique #C-2: Dynamic adaptation of TRPs in mTRP
Multi-TRP transmission scheme has been specified in Rel-16 and CSI feedback enhancements have been further specified in Rel-17. In multi-TRP mode, two PDSCHs can be scheduled by using two PDCCHs associated with different CORESET pools which are configured by higher layer parameter coresetPoolIndex in ControlResourceSet IE. For multi-TRP transmission schemes, multiple NZP CSI-RS resources can be configured in a CSI-RS resource set, where one or more NZP CSI-RS resource pairs can be configured each containing two NZP CSI-RS resources within one resource pair corresponding to each TRP and there can be also other configured independent CSI-RS resources without pairing as the legacy single TRP CSI resource configuration. Based on the multi-TRP CSI resource configuration, two CSI reporting modes can be configured by RRC, wherein mode 1 is for a UE to report X = 0, 1 or 2 single-TRP CSI(s) and one multi-TRP CSI, while mode 2 is for a UE to report one CSI which can be a single-TRP or multi-TRP CSI. Considering the UE can still report X=1 or 2 single-TRP CSI(s) for mode 1 and report 1 single-TRP CSI for mode 2, the TRP muting can be transparent to the UE. Therefore, the influence on the TRP shutdown seems not clear especially the essential spec impacts to obtain the BS energy saving gain by TRP muting.  
Observation 13: The spatial domain impact on dynamic TRxP adaptation should be further justified, especially the essential spec impacts to obtain the BS energy saving gain by TRP muting.
5. Power domain
5.1 Technique #D-1: Adaptation of transmission power of signals and channels
The transmission power is related to bandwidth in frequency. According to Shannon formula, for a certain packet size, a larger bandwidth allocation can lead to a smaller power usage without system performance impact. That is, in power domain, the trade-off between RB allocation increment and back-off of transmission power of PDSCH overall brings BS energy saving.
Semi-static DL power offset between PDSCH and CSI-RS is specified in current specification, by powerControlOffset configured as the ratio of PDSCH EPRE to NZP CSI-RS EPRE. UE receives the CSI-RS and calculates CSI based on the configured/assumed ratio. However, when dynamically reducing the transmission power of PDSCH with increased BW for further energy saving, proper/accurate CSI measurement and report becomes important in order to maintain the performance, since there is mismatch between the configured/assumed power offset and the real/intended power offset of PDSCH vs. CSI-RS. Although BS seems to be able to roughly estimate the actual CSI based on the feedback CSI when the hypothetical power offset between PDSCH and CSI-RS is mismatched to the actual situation, there will be a big deviation between the estimated CSI at the gNB side and the actual CSI at the UE side due to know knowing the situation between intra-cell interference and inter-cell interference. And then it results in performance loss, e.g. UPT loss. Naturally, BS would need multiple CSI measurements under different hypothetical power offsets to choose the best PSD of the PDSCHs and minimize the performance loss. 
With a similar motivation as explained in section 3, dynamic adaptation of transmission power of signals and channels should studied at least multiple CSIs report/feedback enhancement. Multiple CSIs report enhancement aims to enable UE reporting multiple CSIs in one CSI report/feedback, where each CSI result corresponds to a hypothetical power offset between PDSCH and CSI-RS. The potential specification impacts of multiple CSIs report/feedback enhancement includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different hypothetical power offset between PDSCH and CSI-RS [RAN1,RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]
As show in [1], compared with single CSI case, power back-off with multiple CSI can provide about 7% additional energy saving gain without UPT loss. Therefore, multiple CSIs report/feedback enhancement that UE reports multiple CSI results in one CSI report/feedback where each CSI result corresponds to a hypothetical power offset between PDSCH and CSI-RS should be recommended for network energy saving based on the significant energy saving gain.
In addition, the power of reference signals, e.g. CSI-RS, should be unchanged due to limited contribution on overall energy consumption while large impact on measurement, pathloss calculation, threshold determination and coverage. 
Proposal 11: Capture the following description of Technique #D-1 in TR and recommend multiple CSIs report/feedback enhancement for network energy saving.
Dynamic adaptation of transmission power of signals and channels other than reference signal and SSB is studied including multiple CSIs report/feedback enhancement. Multiple CSIs report enhancement aims to enable UE reporting multiple CSIs in one CSI report/feedback, where each CSI result corresponds to a hypothetical power offset between PDSCH and CSI-RS. 
The potential specification impacts of multiple CSIs report/feedback enhancement includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different hypothetical power offset between PDSCH and CSI-RS [RAN1,RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]
Proposal 12: Dynamic adaptation of transmission power for reference signals is not pursued for Rel-18 BS network energy savings. 
5.2 Other technique in power domain
Some UE assisted power enhancement mechanisms, such as OTA DPD, DPoD, have also been discussed. From UE’s perspective, these mechanisms result in UE hardware impact which is caused by newly introduced requirements/capabilities/functions of measurement/estimation (e.g. PA coefficient estimation at UE side) and UE processing (e.g. PA nonlinear interference cancellation at UE side). Therefore, the trade-off between the energy saving gain of network and the additional UE hardware impact should be further studied. 
PA Input Power Bias ("input backoff”) Adaptation is activated only in case of zero or very low load. In zero load case, the gNB can go to sleep mode or shut off in order to save more energy. In very low load case, it is not clear how much additional unwanted in-band and out-of-band emission that UE can endure. If the UE cannot endure any more additional unwanted in-band and out-of-band emission case by PA input power back-off relaxation, this technique cannot be activated even in a cell serving only one UE. RAN4 expertise for further study seems also inevitable.
Observation 14: UE assisted power enhancement mechanisms, e.g. OTA DPD and DPoD, cause significant UE hardware impact. Including PA backoff adaptation, those schemes may require RAN4 expertise for further study. 
6. Conclusions
The following observations and proposals are provided.
Observation 1: BS energy savings without performance impact is possible, and techniques for those are preferable to be specified in early phase.
Observation 2: Techniques to be evaluated under different BS categories are not aimed for identifying specific BS implementations for energy saving purpose. 
Observation 3: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.
Observation 4：Inter-band SSB-less SCell is feasible, while new BS requirements can be done in normative work.
Observation 5: For SCell (de)activation, the UE can acquire time and frequency synchronization based on the reference signal, e.g. SSB, TRS and etc., on another CC to further reduce the BS energy and reduce the latency of SCell (de)activation.
Observation 6: SIB1-less only operation does not require CA operation from UE perspective.
Observation 7: For SIB1-less operation in non-CA, SSB or simplified SSB (if supported) transmission on a SIB1-less carrier can be further skipped while UE gets synchronization from another carrier.
Observation 8: Due to the signaling overhead of reconfiguration/deactivation of UE specific channels and signals, cell-specific or UE group common dynamic signaling for adaptation on UE specific signals and channels is an optimization to further decrease the energy consumption of gNB. 
Observation 9: The switching time produced by cell-specific BWP switch at network/gNB side cannot be used for any UE in the cell, resulting decreased spectrum efficiency, meanwhile the same effect of smaller scheduled bandwidth could be achieved by gNB implementation.
Observation 10: Compared with the adaptation of scheduled PRBs in the same BWP, it is not clear how much further network power saving gain/benefit can be achieved by dynamic BWP bandwidth/PRBs adaptation (e.g. via BWP switching or dynamic bandwidth adaptation within a BWP).
Observation 11: gNB cannot determine the proper MCS and precoder based on a mismatched CSI feedback from UE, since gNB has no knowledge about the actual transmission channel of the UE (due to dynamic adaptation of spatial elements) and the received interference of the UE.
Observation 12: Multiple CSI results feedback provides performance of different spatial elements shutdown cases, which assists gNB to make proper spatial elements shutdown decision.
Observation 13: The spatial domain impact on dynamic TRxP adaptation should be further justified, especially the essential spec impacts to obtain the BS energy saving gain by TRP muting.
Observation 14: UE assisted power enhancement mechanisms, e.g. OTA DPD and DPoD, cause significant UE hardware impact. Including PA backoff adaptation, those schemes may require RAN4 expertise for further study. 


Proposal 1：Capture the following description in TR and recommend inter-band SSB-less SCell for network energy saving:
Multi-carrier energy saving enhancements is studied including inter-band SSB-less SCell where the SSB on SCell can be completely skipped. The UE on SSB-less SCell can acquire synchronization based on the SSB transmitted on another CC.
The potential specification impact in RAN1 includes: 
· No obvious specification impact in physical layer [RAN1]
The potential specification impact in RAN2/RAN3 includes: 
· Define new UE capability supporting inter-band SSB-less operation [RAN2]

Proposal 2：Capture the following description in TR and recommend fast SCell activation/deactivation together with inter-band SSB-less SCell.
When UE can get synchronization from other cells, fast activation/de-activation of SCell can be achieved along with intra-band/inter-band SSB-less. UE can acquire time and frequency synchronization based on the SSB/TRS on another CC to reduce the latency of fast SCell activation. 
The potential specification impact in RAN1 includes:
· No obvious specification impact in physical layer [RAN1]
The potential specification impact in RAN2/RAN3/RAN4 includes:
· New fast SCell activation procedure.

Proposal 3: Capture the following description in TR and recommend SIB1-less operation for network energy saving:
Adaptation of SIB1 is studied including SIB1-less only operation where a UE with non-CA operation obtains SIB1 of the current carrier from another carrier. The synchronization of a current carrier is based on the SSB of the same carrier or a simplified version of SSB, where the remaining information in the SSB is obtained from another carrier.
The potential specification impact of SIB1-less operation in RAN1 includes: 
· No obvious specification impact in physical layer [RAN1]

Proposal 4: Capture the following description in TR and recommend SSB-less together with SIB1-less operation for network energy saving:
Together with SIB-less only, SSB-less operation is possible where a UE with non-CA operation obtains the SIB1 of the SIB1-less carrier from another carrier and also acquires synchronization based on the SSB on the same carrier containing the SIB1 of the SIB1-less carrier. 

Proposal 5: Capture the following description in TR and recommend on-demand SSB/SIB1 for network energy saving:
Adaptation of SSB/SIB1 is studied including on-demand SSB/SIB1, where the transmission of SSB/SIB1 is trigged by an uplink trigger signal, e.g. WUS signal. Further, DL signal, e.g. simplified SSB, is used to aid initial access and discovery of cells in lieu of SSBs. 
The potential RAN1 specification impact of on-demand SSB/SIB1 includes: 
· Uplink trigger signal design [RAN1]
· Simplified SSBs design, e.g. PSS/SSS, DRS [RAN1]

Proposal 6: Longer SSB/SIB periodicity is not pursued for Rel-18 BS network energy savings.

Proposal 7：Technique #A-2 and #A-4 may be jointly considered to perform the dynamic adaptation of UE specific signals/channels and the DTX/DRX operation.

Proposal 8: Dynamic adaptation of BW within a BWP, and BWP within a carrier, is not pursued for Rel-18 BS network energy savings.

Proposal 9: Capture the following description of Technique #C-1 in TR and recommend multiple CSIs report/feedback enhancement for network energy saving.
Dynamic adaptation of spatial elements for transmissions other than reference signals and SSB is studied including multiple CSIs report/feedback enhancement. Multiple CSIs report/feedback enhancement aims to enable UE reporting multiple CSI results in one CSI report/feedback, where each CSI result corresponds to a spatial element muting pattern.
The potential specification impacts of multiple CSIs report enhancement in includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different spatial elements muting pattern [RAN1, RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]

Proposal 10: Dynamic adaptation of spatial elements on CSI-RS and/or SSB is not pursued for Rel-18 BS network energy savings.

Proposal 11: Capture the following description of Technique #D-1 in TR and recommend multiple CSIs report/feedback enhancement for network energy saving.
Dynamic adaptation of transmission power of signals and channels other than reference signal and SSB is studied including multiple CSIs report/feedback enhancement. Multiple CSIs report enhancement aims to enable UE reporting multiple CSIs in one CSI report/feedback, where each CSI result corresponds to a hypothetical power offset between PDSCH and CSI-RS. 
The potential specification impacts of multiple CSIs report/feedback enhancement includes:
· CSI report/CSI-RS configuration enhancement, e.g. CSI report/CSI-RS config contains multiple configuration for different hypothetical power offset between PDSCH and CSI-RS [RAN1,RAN2]
· CSI report/feedback content enhancement, e.g. multiple CSIs in one report [RAN1]

Proposal 12: Dynamic adaptation of transmission power for reference signals is not pursued for Rel-18 BS network energy savings. 


Appendix
	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




References
[1] R1-2210858, Huawei, HiSilicon, Evaluation results and other performance aspects for network energy savings, November 14 –November 18, 2022.
image3.png
Anchor carrier

ES carrier
(SIB-less)

ES carrier
(DRS&SIB-less)

ES carrier
(SSB-less&SIB-less)

ES carrier

sse_sif SSB s ssB sl
ss8 sse ss8
DRS





image4.png
ES CC





image1.png
Band A Acti

Temporary
Rs for sync.

R17 Band B

Inactive.

Band C Inactive

8~12ms latency




image2.png
Sync. Info. Sharing,
e.g, Inter-band SSB-less

SSB-less  BandB

Activation
MAC CE

Inactive Active

Activation
MAC CE

|‘ ~6ms latency .l

Band C Inactive Active





