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Introduction
[bookmark: _Hlk66110521]In this contribution, we will discuss and suggeset necessary updates to the agreed descriptions of NWES techniques as per the following agreement [1][2]:
	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

Final summary in R1-2210744.



In particular we will focus on capturing observations related to the evaluated energy saving gains and the identified system/UE impacts in [3]. In the following sections, we first visit the energy saving techniques of different domains in Sections 2 to 5 and then wrap up the overall recommendations in Section 6.
Time Domain Network Energy Saving Techniques
In this section, time domain network energy saving techniques are investigated, based on the evaluation results in [3]. 

Adaptation of common signals and channels
In [2], the description of the potential NWES scheme has revealed that current specification can accommodate adaptation of common signals and channels via SI update mechanism, which can also be supported by legacy UEs. On the other hand, there is clear system performance impacts when applying a longer SSB periodicity, including longer initial access delay and inferior mobility performance due to longer measurement evaluation and report time. At this moment, it is still FFS how to achieve NW energy saving gain with the minimum system performance impact. In this regard, the following observations and text proposal are suggested:

Observation 1: Adaptation of common signals and channels is already supported by NR, which is up to gNB implementation
Observation 2:  Increasing SSB periodicity will cause longer initial access delay and mobility performance impact due to longer measurement evaluation and report time. How to achieve NW energy saving gain with minimum system performance impact is still FFS.
[bookmark: _Ref118748875]Proposal 1: Adopt the following text proposal for “Adaptation of common signals and channels” in TR 38.864:
Table 1: Suggested revision to “Adaptation of common signals and channels”
	· 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. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
· Observation:
· Adaptation of common signals and channels is already supported by NR, which is up to gNB implementation. 
· Increasing SSB periodicity will cause longer initial access delay and mobility performance impact due to enlarged measurement evaluation and report time. How to achieve NW energy saving gain with minimum system performance impact is FFS.  
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
FFS




Dynamic adaptation of UE specific signals and channels 
In [2], the description of this potential NW energy saving technique has revealed that BWP adaptation framework can be utilized to realize the desired dynamic adaptation. Since dynamic BWP switching is a Rel-15 feature that has gained wide UE support, extending the BWP framework for efficient group-wise/cell-wise adaptation on different domains of parameters for NW energy saving should be a more reasonable way forward. In this regard, we suggest the following observations and text proposal:

Observation 3: If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving this dynamic adaptation with minimum the signaling overhead
Observation 4: Combined adaptation on multiple domains of parameters for network energy saving is feasible based on BWP adaptation framework.   
[bookmark: _Ref118748882]Proposal 2: Adopt the following text proposal for “Dynamic adaptation of UE specific signals and channels” scheme in TR 38.864:
Table 2: Suggested Revision to “Dynamic adaptation of UE specific signals and channels”
	· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity.
· Potential list of UE specific resources are 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).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Observations:
· [bookmark: _Hlk118730634]If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving this dynamic adaptation with minimum signaling overhead
· Joint adaptation on multiple domains of parameters for network energy saving is feasible based on BWP adaptation framework.   
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
· RAN3:
· RAN4:
FFS




Wake up of gNB triggered by UE wake up signal (WUS)
When network loading is low, it is possible for network to make some BS’s inactive so as to achieve energy saving. On the other hand, this also induces performance impact to UE data service, e.g., causing significant delay due to repeated retransmissions or link failure. In this regard, allowing UE to “wake up” gNB when a pre-defined condition (e.g. excess UPT loss or packet latency increment) is detected can be beneficial to balance network energy saving gain and user experience. 
In [3], there show a case BS can be waked up when UE detects excess UPT loss such that NW can converge to an balanced number of active BS’s such that NW energy saving and limited UPT loss are achieved simultaneously. Based on the evaluation results in [3], the following are suggested accordingly. 

Observation 5: With wake-up of gNB triggered by UE based on pre-configured criteria (e.g., excess UPT loss/packet latency increment, reaching UL power limit, etc.), network can coverge to a balanced number of active gNB’s so that NW energy saving and limited UPT loss are achieved simultaneously.
Observation 6: In low load condition (0% - 15% RU), there can achieve 49.3% and 51.9% NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, with virtually no UPT loss.
[bookmark: _Ref118748888]Proposal 3: Adopt the following text proposal for “Wake up of gNB triggered by UE wake up signal (WUS)” scheme in TR 38.864:
Table 3: Suggested revision to “Wake up of gNB triggered by UE wake up signal (WUS)”
	· 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.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Observations:
· With wake-up of gNB triggered by UE based on pre-configured criteria (e.g., excess UPT loss/packet latency increment, reaching UL power limit, etc.), network can coverge to a balanced number of active gNB’s so that NW energy saving and limited UPT loss are achieved simultaneously.
· In low load condition (0% - 15% RU), there can achieve 49.3% and 51.9% NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, with virtually no UPT loss. 
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
FFS




Adaptation of DTX/DRX 
When the traffic load is low, e.g., mainly voice activity, it can be beneficial to aggregate BS transmission time intervals. Since UE expects data activity only within DRX on-durations, such BS transmission time aggregation implies alignment of UE DRX offsets, in a cell-specific or group-specific manner as illustrated in Figure 1. Note that, since DRX cycle, on-duration timer, and inactivity-timer settings are typically optimized per service QoS requirement, it will be more reasonable that the adaptation on UE DRX only changes the DRX offset values.
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[bookmark: _Ref115437152]Figure 1: Illustration of aggregated BS activity by aligning DRX offsets across UEs of a cell

Based on the the evaluation results in [3], It is suggested to include observations on the achievable NW energy saving gain with alignment on UE DRX offset values. Although such alignment is feasible by reconfiguring DRX offset value for each UE, it is more efficient if a cell-specific adaptation mechanism can be further developed and specified.

Observation 7: In low load condition (0%-15% RU), cell-wise alignment on UE’s DRX offset values can achieve 29.8% and 13.7% NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, at expense of UPT loss of 0.9%.
Observation 8: A cell-wise adaptation mechanism on selected UE DRX parameter(s) is beneficial to achieve the NW energy saving gain with minimum signaling overhead.
[bookmark: _Ref118748893]Proposal 4: Include the following text proposal for “Adptation of DTX/DRX” scheme in TR 38.864:
Table 4: Suggested Revision to “Adaptation of DTX/DRX”
	· 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. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Observations:
· In low load condition (0%-15% RU), cell-wise alignment on UE’s DRX offset values can achieve [29.8%] and [13.7%] NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, at expense of UPT loss of 0.9%. 
· A cell-wise adaptation mechanism on selected UE DRX parameter(s) is beneficial to achieve the NW energy saving gain with minimum signaling overhead.
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.
· RAN4:






Frequency Domain Network Energy Saving Techniques
In this section, frequency domain network energy saving techniques are investigated, based on the evaluation results in [3]. 

Multi-carrier energy savings enhancements
When a cell is used as a capacity booster rather than providing coverage, the cell could be defined as a secondary cell (SCell), and a gNB may turn off SSB or SIB1 transmission on the SCell for NW energy savings. According to the “Background” in current description [2], NR already support intra-band SSB-less SCell operations, and the evaluation of this NW energy saving technique can focus on inter-band case, subject to the following agreement in evaluation methodology
	· For multi-carrier: the total power consumption of BS is calculated as is the sum of the power consumption of each CC; 
· for intra-band multi-carrier with contiguous CCs, the power consumption of each additional CC is scaled by [0.7].



Regarding the network load condition, it is reasonable to assume light load (15% - 30% RU) or medium load (30% - 50% RU); otherwise, CA is not necessary and network can disable SCells for effective energy saving. With the above considerations, the evaluation results in [3] somehow show that there are only small NW energy saving gains achieved (<8% for Cat 1 BS and <2% for Cat 2 BS), thus suggesting the following observations and text proposal:

Observation 9: For the evaluations of inter-band CA with SSB-less carriers/Scell, the total power consumption of all componenet carriers and at least light load (15% - 30% RU) or higher load condition should be considered. In light load condition, there can only achieve <8% and <2% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively.
[bookmark: _Ref118748900]
Proposal 5: Adop the following text proposal for “Multi-carrier energy savings enhancements” scheme in TR 38.864:
Table 5: Suggested revision to “Multi-carrier energy savings enhancements”
	· 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. 
· Observations:
· For the evaluations of inter-band CA with SSB-less carriers/Scell, the total power consumption of all componenet carriers and at least light load (15% - 30% RU) or higher load condition should be considered. In light load condition, there can only achieve <8% and <2% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively.  
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· 
· Impact on procedure for dynamic Pcell switching
· RAN3:
· RAN4:
FFS





Spatial Domain Network Energy Saving Techniques
In this section, spatial domain network energy saving techniques are investigated, based on the evaluation results in [3]. 

Dynamic adaptation of spatial elements
When network load is light (15% - 30%) or medium (30% - 50%), reducing BS active time may not be practical due to the impact to data latency. In this regard, reducing the number of TxRU while keeping data transmission can be utilized to achieve better trade-off in NW energy saving and UPT loss. 
Based on the evaluation results in [3], there following observations and text proposal are suggested:

Observation 10: For light load condition (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.8% and 15.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 4.3%.
Observation 11: For medium load condition (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 31.4% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 6.4%.
Observation 12: If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving the above NW energy saving gains with minimum signaling overhead.
[bookmark: _Ref118748906]Proposal 6: Adopt the following text proposal for “Dynamic adaptation of spatial elements” scheme in TR 38.864:
Table 6: Suggested revision to “Dynamic adaptation of spatial elements”
	· 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.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Observations:
· For light load condition (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.8% and 15.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 4.3%.
· For medium load condition (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 31.4% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 6.4%.
· If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving the above NW energy saving gains with minimum signaling overhead.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
FFS





Power Domain Network Energy Saving Techniques 
In this section, power domain network energy saving techniques are investigated, based on the evaluation results in [3]. 

Adaptation of transmission power of signals and channels - Reduced PDSCH power/PSD-level
Like reducing #TxRU, reducing PDSCH power/PSD-level while keeping data transmission can be utilized to achieve NW energy saving while minimizing the data latency impact and thus UPT loss. For the feasibility, PDSCH power/PSD-level can readily be adjusted via BWP-specific parameter, powerControlOffset, as illustrated below:
[image: Diagram
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Based on the evaluation results in [3], there following observations and text proposal are suggested:

Observation 13: For light load condition (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 5.7%.
Observation 14: For medium load condition (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring 18.7% and 20.6% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss 9.0%.
Observation 15: If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for reducing signaling overhead as well as optimizing NW energy saving gain by combining multiple-domains of NW energy saving techniques.
Observation 16: For light load condition (15% - 30%), combined reduction in #TXRU (from 64 to 32) and PSDCH power/PSD-level (by 3 dB) can bring 18.8% and 19.7% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 9.1%.
· Note: Reducing #TXRU from 64 to 16 can bring 19.2% and 22.1% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 16.9%.
[bookmark: _Ref118748911]
Proposal 7: Adopt the following text proposal for “Adaptation of transmission power of signals and channels” scheme in TR 38.864:
Table 7: Suggested revision to “Adaptation of transmission power of signals and channels”
	· 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.
· Observations:
· For light load condition (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 5.7%.
· For medium load condition (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring 18.7% and 20.6% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss 9.0%.
· If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for reducing signaling overhead as well as optimizing NW energy saving gain by combining multiple-domains of NW energy saving techniques.
· For light load condition (15% - 30%), combined reduction in #TXRU (from 64 to 32) and PSDCH power/PSD-level (by 3 dB) can bring 18.8% and 19.7% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 9.1%.
· Note: Reducing #TXRU from 64 to 16 can bring 19.2% and 22.1% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 16.9%.
· 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:
FFS





Conclusion
From the above discussion, the following summarize our final recommendations:
Proposal 8: The following NW energy saving techniques in Table 8 are recommended for the corresponding NW load conditions, considering the good NW energy saving gain and limited UPT loss.
[bookmark: _Ref118748611]Table 8: NW energy saving techniques recommended 
	NW load (RU %)
	NW ES Technique
	NW ES gain
	UPT loss

	Low 
(0% - 15%)
	Wake up of gNB triggered by UE wake up signal 
· UE wakes up gNB when excess UPT loss detected
	Cat1 BS: 49.3%
Cat2 BS: 51.9%
	0%

	Low 
(0% - 15%)
	Adaptation of DTX/DRX
· Cell-wise alignment of UE DRX offsets
	Cat1 BS: 29.8%
Cat2 BS: 13.7%
	0.9%

	Light
(15% - 30%)
	BWP-based NW ES adaptation
1. Reduce PDSCH power offset (by 6 dB)
2. Reduce #TXRU (64  32)
3. Joint reduction PDSCH power offset (by 3dB) and #TXRU (6432)
	1. PDSCH power offset:
Cat1 BS: 11.1%
Cat2 BS: 11.8%
2. #TXRU:
Cat1 BS: 15.8%
Cat2 BS: 15.8%
3. Joint:
Cat1 BS: 18.8%
Cat2 BS: 19.7%

	
5.7%


4.5%


9.1%

	Medium
(30% - 50%)
	BWP-based NW ES adaptation
1. Reduce PDSCH offset (by 6 dB)
2. Reduce #TXRU (64  32)
	1. PDSCH power offset:
Cat1 BS: 18.7%
Cat2 BS: 20.6%
2. #TXRU:
Cat1 BS: 25.3%
Cat2 BS: 26.6%

	
9.0%


6.4%



The recommendations are based on the investigation and suggested observations for different domains of NW energy saving techniques:
Proposal 1: Adopt the following text proposal for “Adaptation of common signals and channels” in TR 38.864:
	· 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. 
· Background:
· In Rel-15 NR, time-domain positions of transmitted SSBs within a half frame are semi-statically configured. Further, UE assumes a single periodicity for the transmitted SSBs. Transmission of common signal and channels or reception of random-access signals may make it difficult for gNBs (with very low or no traffic) to better utilize the increased inactivity periods for entering deeper sleep modes to save energy.
· Currently, SI update mechanism can adapt the parameters in the cell, such as those associated with downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the periodicity/availability of uplink random access resources. 
· Observation:
· Adaptation of common signals and channels is already supported by NR, which is up to gNB implementation. 
· Increasing SSB periodicity will cause longer initial access delay and mobility performance impact due to enlarged measurement evaluation and report time. How to achieve NW energy saving gain with minimum system performance impact is FFS.  




Proposal 2: Adopt the following text proposal for “Dynamic adaptation of UE specific signals and channels” scheme in TR 38.864:
	· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity.
· Potential list of UE specific resources are 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).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Observations:
· If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving this dynamic adaptation with minimum signaling overhead
· Joint adaptation on multiple domains of parameters for network energy saving is feasible based on BWP adaptation framework.   




Proposal 3: Adopt the following text proposal for “Wake up of gNB triggered by UE wake up signal (WUS)” scheme in TR 38.864:
	· 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.
· Background:
· With the support of WUS, the gNB might go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions. A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Observations:
· With wake-up of gNB triggered by UE based on pre-configured criteria (e.g., excess UPT loss/packet latency increment, reaching UL power limit, etc.), network can coverge to a balanced number of active gNB’s so that NW energy saving and limited UPT loss are achieved simultaneously.
· In low load condition (0% - 15% RU), there can achieve 49.3% and 51.9% NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, with virtually no UPT loss. 




Proposal 4: Include the following text proposal for “Adptation of DTX/DRX” scheme in TR 38.864:
	· 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. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Observations:
· In low load condition (0%-15% RU), cell-wise alignment on UE’s DRX offset values can achieve [29.8%] and [13.7%] NW energy saving gain for Cat 1 BS and Cat 2 BS, respectively, at expense of UPT loss of 0.9%. 
· A cell-wise adaptation mechanism on selected UE DRX parameter(s) is beneficial to achieve the NW energy saving gain with minimum signaling overhead.




Proposal 5: Adop the following text proposal for “Multi-carrier energy savings enhancements” scheme in TR 38.864:
	· 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. 
· Observations:
· For the evaluations of inter-band CA with SSB-less carriers/Scell, the total power consumption of all componenet carriers and at least light load (15% - 30% RU) or higher load condition should be considered. In light load condition, there can only achieve <8% and <2% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively.  




Proposal 6: Adopt the following text proposal for “Dynamic adaptation of spatial elements” scheme in TR 38.864:
	· 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.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Observations:
· For light load condition (15% - 30%), reducing #TxRU from 64 to 32 can bring 15.8% and 15.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 4.3%.
· For medium load condition (30% - 50%), reducing #TxRU from 64 to 32 can bring 25.3% and 31.4% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 6.4%.
· If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for achieving the above NW energy saving gains with minimum signaling overhead.




Proposal 7: Adopt the following text proposal for “Adaptation of transmission power of signals and channels” scheme in TR 38.864:
	· 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.
· Observations:
· For light load condition (15% - 30%), reducing PSDCH power/PSD-level by 6dB can bring 11.1% and 11.8% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 5.7%.
· For medium load condition (30% - 50%), reducing PSDCH power/PSD-level by 6dB can bring 18.7% and 20.6% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss 9.0%.
· If BWP framework is utilized for the adaptation, extending the BWP framework for group-wise/cell-wise adaptation is beneficial for reducing signaling overhead as well as optimizing NW energy saving gain by combining multiple-domains of NW energy saving techniques.
· For light load condition (15% - 30%), combined reduction in #TXRU (from 64 to 32) and PSDCH power/PSD-level (by 3 dB) can bring 18.8% and 19.7% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 9.1%.
· Note: Reducing #TXRU from 64 to 16 can bring 19.2% and 22.1% NW energy saving gains for Cat 1 BS and Cat 2 BS, respectively, at the expense of UPT loss of 16.9%.
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