3GPP TSG-RAN WG1 Meeting #110	R1-2205861
Toulouse, France, Aug 22 – Aug 26, 2022
 
Agenda item:	9.7.2
Source:	Huawei, HiSilicon
Title:	Discussion on network energy saving techniques
[bookmark: _GoBack]Document for:	Discussion and Decision

1. Introduction
There is broad consensus that network energy saving (NES) is of great importance for environmental sustainability and for operation cost savings. During the discussion in RAN1 #109 e-meeting, there was hot discussion on NES, and several potential techniques to enable NES were proposed and showed in Appendix A~E. Based on the agreements, we will discuss the schemes in time, spatial, frequency and power domains. In addition, the UE assistance information for NES will also be discussed.
2. Time domain
During discussion in RAN1#109 e-meeting, several potential energy saving techniques in time domain have been proposed and are shown in Appendix A. 
2.1 Reducing/adapting transmission/reception of common channels/signals  
In the time domain, 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 amount 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 1: 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.
For other SI and paging, in current specification, they can be scheduled when they are needed/requested, so that the energy consumption of them in existing mechanisms does not seem very serious. It’s same for the energy consumption of uplink part, e.g. PRACH, which is much smaller than the downlink part. Besides, the configuration/reception of PRACH heavily depends on the transmission/configuration of SSB. Therefore, the reduction of other common signals/channels, e.g. PRACH, other SI and paging, can be studied with low priority. However, this does not preclude an optimization on RACH/SI/paging if associated with change on SSB/SIB1, which can be discussed in WI phase.
The potential methods of reducing/adapting transmission of SSB/SIB1 can be categorized into single-carrier operation and multi-carrier operation. The methods/mechanisms below focus on operation with single carrier, and in frequency domain methods/mechanisms for operation with multi-carrier are discussed. 
For reducing/adapting transmission of SSB/SIB1, no- or reduced-transmission of SSB/SIB1 and increased periodicity of SSB/SIB1 are the straightforward approaches. However, no-transmission of SSB/SIB1 brings a risk that the IDLE UE cannot correctly identify a cell without SSB, and reduced-transmission of SSB/SIB1 with lower density/larger periodicity, even when there are no/very few UEs in the cell, still causes unnecessary energy consumption. Note, the current specification already supports a large range of periodicity values, providing sufficient flexibility for gNB while lack of energy saving considerations.
Another mechanism, more efficiently, to reduce the transmission SSB/SIB1 in single-carrier operation is the on–demand SSB/SIB1, as shown in Figure 1, where the transmission of SSB/SIB1 can be triggered by an uplink signal, e.g. WUS. It means the SSB/SIB1 only transmits when UE requires and stay muted when the uplink trigger signals is not detected. In this way, the energy consumption of SSB/SIB1 can be significantly decreased. Especially, for FR2 which is deployed in a standalone manner, due to different activeness among beams, there may be further room to reduce the need of SSB/SIB1 through on-demand SSB/SIB1 mechanism. 
It should be noted that, for operation with single carrier, UE should achieve time-frequency synchronization with gNB before uplink trigger signal transmission. Therefore, for on-demand SSB scheme, necessary synchronization signal is needed. One promising approach is to use light/relaxed SSB, e.g. discovery reference signal (DRS) as called in LTE small cell 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. 20ms, 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 receiving WUS in a WUS occasion, BS will start to broadcast SSBs and SIB1 N times periodically from the next SSB-burst, where N can be 1 or 2 to ensure UE receive SSB/SIB1 correctly. To ease analysis, we can assume that, for a CC performing energy savings with no UEs, called as idle ES (energy saving) CC, BS receive a WUS signal in a WUS occasion with probability p, and p could be 1% according to different UE density and HO probability. By the above assumptions, we could evaluate on-demand SSB/SIB1 transmission with light/relaxed common signal.
Observation 2: For operation with single carrier, on-demand SSB/SIB1 needs to achieve synchronization with gNB before the transmission of uplink trigger signal. 
Observation 3: For operation with single carrier, light/relaxed version of SSB, e.g. DRS, can be used as necessary synchronization signal before the transmission of uplink trigger signal for on-demand SSB.
Proposal 1: Evaluate on-demand SSB/SIB1 transmission with light/relaxed common signal for sync with the following assumptions:
· Two symbol DRS with the broadcast periodicity of 20ms 
· The interval between two neighbor WUS occasions can be 20ms, with certain detection probability e.g. 1%   
· Upon receiving WUS, BS could start to broadcast SSBs and SIB1 periodically from the next SSB-burst, e.g. 1 or twice for certain reliability.
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Figure 1 On-demand SSB/SIB design 
In addition, for multimode BS, especially when LTE and NR can share the same module, PAs and components in the signal processing units of RF modules can be shut down when no data needs to be transmitted in either LTE or NR symbols, as shown in Figure 2. Hence, in this situation, the ratio of always-on common signals is much bigger than the data shown in Table 1, since the common signals of LTE must also be considered. For example, N41 band with frequency range from 2496MHz to 2690MHz can be used by both NR and LTE. In actual deployment scenario, for some multimode BSs, NR is deployed in 2515MHz to 2615MHz and LTE is deployed in 2615MHz to 2675MHz, and then only a small ratio of symbols can be shut down due to the presence of common signals of LTE and NR. Therefore, in order to reduce the time ratio, how to align common signals of LTE and NR can be studied. 
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Figure 2 Multimode base station shutdown
Proposal 2: Further study possible methods to adapt the time domain transmission of common signals, e.g. SSB and SIB1 for NR in consideration of common signals in neighboring LTE carrier. Note change is only expected for NR side as per SID. 
2.2 Other time domain techniques
Same as the reduction of common signals/channels, the symbols carrying periodic and semi-persistent signals/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 the periodic and semi-persistent signals/channels. Besides, some periodic and semi-persistent signals/channels can also be deactivated by the corresponding MAC CE which is designed in UE specific manner, e.g. sp CSI-RS resource set, sp CSI reporting on PUCCH, sp SRS. Obviously, to mute some symbols of periodic and semi-persistent signals/channels, a large amount of RRC reconfiguration information and signaling produced by UE-specific MAC CE need to be exchanged between gNB and UEs. However, the signaling overhead may not be problematic for low load scenarios, and the group common signaling to reduce/adapt transmission/reception of periodic and semi-persistent signals/channels can be further studied. 
Observation 4: Adaptation on periodic and semi-persistent signals/channels other than SSB/SIB1 does not seem to have large potential of network energy savings. 
The coordination of UE C-DRX was discussed in last meeting as a potential method to reduce/adapt transmission/reception of periodic and semi-persistent signals/channels and to enable gNB DTX/DRX. In NR and LTE, C-DRX is a legacy mechanism to reduce the power consumption in connected mode UE. The UE is configured with an ON duration within a C-DRX cycle via RRC dedicated configuration. During the inactive period, the UE does not monitor the PDCCH, and then dynamic PDSCH and dynamic PUSCH will not be transmitted and received. On one hand, since the implement of coordination of UE C-DRX highly relies on the assumption that the traffic of all UEs happens at the same time, the benefits brought in real scenarios may be limited. On the other hand, some signals/channels, e.g. SSB, PRACH and etc, are still assumed by UE with C-DRX configuration, which may decrease the probability that the gNB enters the inactive state if there is no transmission/reception of UE. 
Observation 5: Group common indication of UE C-DRX solely may not have obvious BS energy saving potential compared with existing approach, while UE assumption of SSB during DRX may need to be considered. 
Besides, when there is no data to schedule transmission, gNB/cell can be completely shut off/go sleep for a period of time, into e.g. deep sleep mode. In Rel-16, it is supported to reduce energy consumption via information exchanging over Xn interface. For example, in a deployment, the cell with capacity boosters can be distinguished from cells providing basic coverage. Capacity booster cell can be switched off when its capacity is no longer needed and to be re-activated via on-demand basis. Considering the long switch delay of gNB, it seems the gNB will only be shut off when there is no data for a long period of time, assuming also no UE attempts to search/access the BS. So, the current RAN3 based cell/gNB ON/OFF is sufficient, and it is not clear whether additional enhancement is needed in Physical layer.
Observation 6: Higher-layer technique based cell/gNB ON/OFF seems sufficient when no UE cell-search/access attempt is expected.
3. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Spatial domain
The agreement related to spatial domain is provided in Appendix B.
3.1 Spatial elements shutdown
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, dynamic spatial shutdown still needs accurate link adaptation method, since the intra-cell/inter-cell interference changes dynamically. To compensate the changing CSI due to potential different antenna port patterns, one effective method is that UE reports multiple CSIs for different shutdown patterns simultaneously. There could be different approaches for this concept: 
1) Measure first then shutdown: in this approach, the UE measure, possibly once, and report the multiple CSIs assuming different patterns, then BS determines the accurate shutdown ports for UE. The pros of this is more accurate CSI that can be obtained by BS, while the potential specification and implementation impact is CSI configuration and corresponding UE measure and report procedure subject to the 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. 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.
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. 

For reference signal, e.g. SSB or CSI-RS, since the reference signal is sparse, transmission with dynamic spatial adaptation may have little power saving gain. Also, dynamic spatial adaptation on SSB/CSI-RS may cause performance loss if not indicated to UE. Further impact on TCI configuration, beam management and beam failure recovery may also require investigation if dynamic spatial adaptation is to be adopted on reference signals. 
Observation 7: Dynamic antenna adaptation applied to PDSCH has the potential of BS energy savings with room of performance improvement by CSI measurement enhancement, while that for reference signal has limited potential for energy saving with large specification/performance impact.
Proposal 3: Evaluate dynamic antenna port shutdown with one CSI report with multiple CSI results (e.g. 4), corresponding to multiple shutdown pattern(s) prior to or after UE measurement/reports.

3.2 Dynamic TRxP adaptation
Multi-TRP transmission scheme has been specified in Rel-16. Multi-TRP can schedule two PDSCHs using two PDCCHs associated with different CORESET pools which are configured by higher layer parameter coresetPoolIndex in ControlResourceSet IE. Similar to TxRUs/antenna elements/antenna panels shutdown in section 3.1, CSI measurement for dynamic TRP adaptation may have the similar problem. For multi-TRP transmission schemes, multiple NZP CSI-RS resources can be configured in a CSI-RS resource set, where a NZP CSI-RS resource corresponds to a TRP. When the gNB dynamically switching off a TRP, the CSI feedback from the other TRP would not be affected, since the CSI feedback for each TRP is separate, e.g. RI and PMI. The influence on the TRP shutdown seems not clear.  
Observation 8: The spatial domain impact on dynamic TRxP adaptation should be further justified.
4. Power domain
The agreement of techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB can be found in Appendix C. 
4.1 Dynamic adjustment of DL transmission power
The transmission power is related to bandwidth in frequency. According to Shannon formula, for a certain amount of packet size, a larger bandwidth allocation can lead to a much smaller power spectrum density usage without system performance impact. That is, in power domain, the trade-off between RB allocation increment and backoff of transmission power/PSD of PDSCH overall bring BS energy saving.
DL transmission power offset between PDSCH and DM-RS is already supported by current specification. As specified in TS 38.214, the UE may assume the ratio of PDSCH EPRE to PDSCH DM-RS EPRE according to the number of DM-RS CDM groups without data. Dynamic power adaptation for PDSCH does not have impact on DM-RS thus no issue for PDSCH decoding.
Semi-static DL power offset between PDSCH and CSI-RS is also 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.
Naturally, BS would need multiple CSI results with different power offsets to choose the best PSD and minimize the performance loss, with a similar motivation as explained in section 3. The power of common reference signals, e.g. SSB or CSI-RS can be assumed unchanged due to limited contribution on overall energy consumption while large impact on CSI measurement, pathloss calculation, threshold determination and coverage. 
Observation 9: Considerable power saving gain with small performance loss can be achieved by dynamic PSD back-off with multiple CSIs for different PSD back-off ratios.
Proposal 4: Evaluate dynamic DL transmission power backoff from BS with one CSI report with multiple CSI results (e.g. 4), corresponding to multiple power offsets between PDSCH and CSI-RS
· Power allocation configurations of SSB/CSI-RS is assumed to be unchanged.

4.2 Adaptation of gNB transceiver algorithms and processes
Currently there are already several existing implementation-based mechanisms at BS side to improve power efficiency, e.g. Digital Pre-distortion (DPD). Obviously, these processes at BS side can be achieved by BS implementation without spec impact. 
Moreover, 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. 
Observation 10: UE assisted power enhancement mechanisms, e.g. OTA DPD and DPoD, cause significant UE hardware impact, and require RAN4 expertise for further study.
5. Frequency domain
The agreements on potential techniques and enhancements for frequency resource usage adaptation by the gNB can be found in Appendix D. 
5.1 Reducing/adapting transmission of SSB/SIB for multi-carrier operation
For multi-carrier operation, there is already an anchor carrier for a UE to be able to receive SSB/SIB1, then the common signals for other carriers may be simplified and/or assisted by the signals received from the anchor carrier. As shown in Figure 3, the original SIB1 on energy saving (ES) CC can be transmitted on anchor CC, which can reduce 22.7% symbols from being active in time for ES CC and can enlarge the shutdown or sleeping time for energy saving.
Instead of SSB, DRS occupying fewer symbols (e.g. 2 symbols as shown in Figure 3) than the existing SSB can be transmitted on ES CC, aiming to impose less impact on UE performance such as synchronization accuracy. Moreover, even for inter-band carriers, if the BS can maintain the synchronization between different CCs (like anchor CC and ES CC in Figure 3), the SSB on ES CC can be completely skipped, i.e. SSB-less in Figure 3, achieving additional shutdown or sleeping time. The UE on ES CC can acquire time and synchronization based on the SSB on anchor CC. It is true that the legacy UE cannot access the network through ES CC, however, due to the existing of anchor CC, legacy UE can receive normal SSB and SIB1 on anchor CC. 
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Figure 3 Inter-carrier assistance for SSB/SIB1 transmission
As shown in Figure 4 which is also present in [1], the power saving of SSB/SIB1-less operation on ES CC is simulated by system-level simulation at different resource utilization (RU) cases. From the simulation results, we can see that compared to the baseline power consumption where SSB and SIB1 are both transmitted with four beams in NR FDD, more than 30% and 20% power saving gain can be achieved for SSB/SIB1-less and SIB1-less only operations respectively for the low load case (e.g., <10% RU), as shown in the left figure. In addition, we also simulate the power increase for the anchor CC to carry the additional SIB1 of the ES CC as shown in the right figure, wherein we can see less than 10% power increase in anchor CC for the low load case which is much smaller than the power saving gain in the ES CC. 

Observation 11: Use of SSB/SIB1 received from one carrier for other carriers in multi-carrier scenarios can bring considerable energy saving gain.
Proposal 5: Evaluate SIB1-less operation in multi-carrier scenario, where the SIB1 for one carrier with/without SSB/DRS with low-load is broadcasted/obtained from another carrier.
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Figure 4 Initial system-level simulation results for SSB/SIB1-less operation

SSB-less is also beneficial for SCell on-off. In the Rel-17 SCell activation procedure, aperiodic TRS which is also called temporary RS is introduced to replace SSB to reduce the delay of frequency/time synchronization, which is shown in Figure 5. Since the UE can acquire time and frequency synchronization based on the SSB/TRS on another CC instead of the SSB/TRS on the reactivated SCell, SCell activation procedure can be further simplified, which is shown in Figure 6. In this way, the latency of fast SCell activation could be reduced from ~12ms to ~6ms, or to even lower value with additional improvements. Besides, considering the gNB switching off an SCell will impact multiple UEs, group-common/cell-specific signaling for SCell (de)activation could be further studied.
	[image: ]
	[image: ]

	Figure 5 SCell activation procedure in Rel-17 
	Figure 6 SCell activation procedure for SSB-less


Observation 12: 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 for further BS energy saving and fast SCell (de)activation.

5.2 BWP-related 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
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 switch time produced by cell-specific BWP switch at network/gNB side cannot be used for any UE, and then the spectrum efficiency is decreased, especially for the case of frequent BWP switch. 
Observation 13: The switch time produced by cell-specific BWP switch at network/gNB side cannot be used by any UE, and results in decreased spectrum efficiency.
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 via BWP switching. 
Observation 14: 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 via BWP switching.

6. Conclusions
The following observations and proposals are provided.
Observation 1: 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 2: For operation with single carrier, on-demand SSB/SIB1 needs to achieve synchronization with gNB before the transmission of uplink trigger signal. 
Observation 3: For operation with single carrier, light/relaxed version of SSB, e.g. DRS, can be used as necessary synchronization signal before the transmission of uplink trigger signal for on-demand SSB.
Observation 4: Adaptation on periodic and semi-persistent signals/channels other than SSB/SIB1 does not seem to have large potential of network energy savings. 
Observation 5: Group common indication of UE C-DRX solely may not have obvious BS energy saving potential compared with existing approach, while UE assumption of SSB during DRX may need to be considered. 
Observation 6: Higher-layer technique based cell/gNB ON/OFF seems sufficient when no UE cell-search/access attempt is expected.
Observation 7: Dynamic antenna adaptation applied to PDSCH has the potential of BS energy savings with room of performance improvement by CSI measurement enhancement, while that for reference signal has limited potential for energy saving with large specification/performance impact.
Observation 8: The spatial domain impact on dynamic TRxP adaptation should be further justified.
Observation 9: Considerable power saving gain with small performance loss can be achieved by dynamic PSD back-off with multiple CSIs for different PSD back-off ratios.
Observation 10: UE assisted power enhancement mechanisms, e.g. OTA DPD and DPoD, cause significant UE hardware impact, and require RAN4 expertise for further study.
Observation 11: Use of SSB/SIB1 received from one carrier for other carriers in multi-carrier scenarios can bring considerable energy saving gain.
Observation 12: 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 for further BS energy saving and fast SCell (de)activation.
Observation 13: The switch time produced by cell-specific BWP switch at network/gNB side cannot be used by any UE, and results in decreased spectrum efficiency.
Observation 14: 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 via BWP switching.
Proposal 1: Evaluate on-demand SSB/SIB1 transmission with light/relaxed common signal for sync with the following assumptions:
· Two symbol DRS with the broadcast periodicity of 20ms 
· The interval between two neighbor WUS occasions can be 20ms, with certain detection probability e.g. 1%   
· Upon receiving WUS, BS could start to broadcast SSBs and SIB1 periodically from the next SSB-burst, e.g. 1 or twice for certain reliability.
Proposal 2: Further study possible methods to adapt the time domain transmission of common signals, e.g. SSB and SIB1 for NR in consideration of common signals in neighboring LTE carrier. Note change is only expected for NR side as per SID. 
Proposal 3: Evaluate dynamic antenna port shutdown with one CSI report with multiple CSI results (e.g. 4), corresponding to multiple shutdown pattern(s) prior to or after UE measurement/reports.
Proposal 4: Evaluate dynamic DL transmission power backoff from BS with one CSI report with multiple CSI results (e.g. 4), corresponding to multiple power offsets between PDSCH and CSI-RS
· Power allocation configurations of SSB/CSI-RS is assumed to be unchanged.
Proposal 5: Evaluate SIB1-less operation in multi-carrier scenario, where the SIB1 for one carrier with/without SSB/DRS with low-load is broadcasted/obtained from another carrier.


Appendix A: Agreements for energy saving techniques in time domain
	Agreement:
· Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signals/channels from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.



Appendix B: Agreements for energy saving techniques in spatial domain
	Agreement:
· Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain




Appendix C: Agreements for energy saving techniques in power domain
	Agreement:
· Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579




Appendix D: Agreements for energy saving techniques in frequency domain
	Agreement:
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on SCell activation and deactivation, enhancements on SCell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching
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