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[bookmark: _Ref129681832]In RAN1#110b-e, the various approaches to deliver on savings for the network energy have been listed [1]. They consist of power saving adaptations in time, frequency, spatial and channels/signals by the BS and network under various system configurations, deployment scenarios and use cases. It was noted with these techniques the following:

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 finalize the TR in November.

In this contribution, we provide our views on some of the remaining issues and the inclusions on these techniques into the TR. 


Discussion
Different techniques have been identified and described [1]. In this section, some of those approaches that should be prioritized are highlighted. 
· 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. 

· 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 configurations for the listed UE-specific signals/channels are BWP-specific, and BWP adaptation framework can be utilized for dynamic adaptation for a UE capable of multiple BWPs and dynamic BWP switching.

· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.
· Background:
· Current specification supports SSB/SIB1-less operation for intra-band CA, where UE retrieves system information and synchronization from another intra-band cell with SSB and SIB1.

Further reduction of the SSB and SIB1 transmissions has been shown to be beneficial in network energy savings. Any potential reductions should be accompanied with signaling that informs the UE of the reduced transmissions by the gNB/network and it is important that signaling overhead of doing so be minimized as well. This can be achieved by group signaling such as group signaling for handover, group signaling for SSB periodicity update, group signaling for adapting gNB transmission power (via, e.g., updating ss-PBCH-BlockPower or powerControlOffsetSS), etc. 
The above consider the existing support of periodic/semi-persistent (p/sp) physical layer resources, such as CSI-RS and SRS, in both the UL and DL. Both are critical reference signals for DL and UL, respectively, and are configured through RRC signaling for various uses such as measuring and reporting beam signal quality when associated with different beams. Similarly, numerous configurations and reconfigurations are needed when identical CSI-RS is configured for all the UE(s) served by a single TRP.  
With the proposed techniques above, enabling group common signaling will reduced the amount of potential signaling overhead. Proposals [1] on using a group-common DCI/MAC to inform all the UEs at once should be studied further. UE grouping may be enhanced, such as how to group all UEs served by a cell (or a set of cells, or a TRP, or a specific network resource) as a group.
Proposal 1: Technique A-1, A-2 and A-6 as described in R1-2210744 should be included in the TR and recommended for inclusion and continuation in the WI.   

· 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.

UE assistance signaling or report can play an important function in supporting accurate and flexible network energy savings management. One example is signaling to support the timely gNB activation and deactivation of the various adaptation based on the projected or existing UL traffic from the UE i.e., during inactivity periods of the UE’s DL and UL. 
DL Wake-Up signal was introduced in Rel-16 specification as a power saving support by signaling to the UE that it can continue to sleep even for its DRX OnDuration when there is no pending or incoming data for the UE. The DL wake-up signal is sent outside of the DRX Active time for one or more UEs using format DCI 2-6 and scrambled by PS-RNTI. 
An indication or UE assistance in the UL will similarly assist the gNB decision to adapt its operation such as turning on the cells when Cells On/Off are deployed. Various justifications and objectives of this wake-up signal can be found in [1].  The differences between the UL and DL wake-up signals design need to be considered. The triggering and sending of the DL wake-up signal are left to network’s decision as various metrics are available at the network side. For the UL, various factors can cause the UE(s) to request resumption of the network’s operation e.g., turning Cells On or increasing the SSBs/SIB periodicity etc. Obviously for other reasons such as the need to send UL traffic, existing scheduling request (SR) sent in PUCCH would suffice.  As in the Rel-15 SR where RRC is used to configure its scheduling requests, for power saving purposes, the UE can also be configured with parameters associated with a new UL wake-up signal, and based on the gNB configuration and relevant standards, the UE can transmit the UL wake-up signal with potentially different messages under different conditions and for different purposes.  
Proposal 2: Technique A-3 as described in R1-2210744 of an UL wake-up signal from the UE to the gNB should be included in the TR and recommended for inclusion and continuation in the WI.   
Observation 1: RAN2 Impact: The UE should support being configured through RRC signaling the different conditions/triggers for the UE to send an UL Wake-Up signal. 

· 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. 

· Technique #B-2: Dynamic adaptation of bandwidth part of UE(s) within a carrier
· Enhancements to enable UE group-common or cell-specific BWP configuration and/or switching.
· Enhancements to support SPS PDSCH reception/Type-2 CG PUSCH transmission/SP-CSI reporting on PUSCH without reactivation after the BWP switching.
· Background:
· In Rel-17, UE-specific BWP configuration and switching is supported.
· For SPS PDSCH reception, type-2 CG PUSCH transmission, and SP-CSI reporting on PUSCH, once BWP is switched, they should be reactivated by activation DCI.

· Technique #B-3: Dynamic adaptation of bandwidth of active BWP
· Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP. Some frequency resources within the active BWP may be deactivated.
· Background: 
· Currently, a bandwidth of a BWP is semi-statically configured, and the bandwidth of the given BWP cannot be dynamically changed. Thus, dynamic adaptation of bandwidth of UE(s) within a BWP is not supported by the existing spec.

Rel-17 supports cell on/off via SCell activation/deactivation (enabled by standards) and turning on/off the associated network hardware (enabled by gNB implementation). However, this is not efficient. The MAC CE for SCell activation/deactivation is a UE-specific signaling, and hence it must be sent to all the impacted UEs one by one, which consumes excessive signaling overhead and network/UE energy.
With bandwidth adaptation, the network should inform the UE(s) of any reduction/expansion of the bandwidth so that the UE(s) can benefit from this adaptation as well by changing its receiving bandwidth. For example, cell/carrier 1 may be configured as a SCell for UE 1, UE 2, and UE 3. When the hardware for cell 1 is to be turned off (or entering a mode that does not transmit or receive over-the-air transmissions), the network can send a (group) message to UE 1, UE 2, and UE 3 to deactivate cell 1 for the UEs. All resources configured for each of the UEs associated with cell 1 will be deactivated, including all physical signals in all UL BWPs and all DL BWPs of cell 1, all physical channels in all UL BWPs and all DL BWPs of cell 1, and all monitoring/processing operations by the UEs for cell 1 (except possibly some long-periodicity SSB/DL RS processing to maintain the RRM measurement).

Observation 2: Multicell-level resource adaptation, cell-level resource adaptation, and sub-cell-level resource adaptation should be introduced and supported. 
Proposal 3: Technique B-1, B-2 and B-3 as described as described in R1-2210744 should be included in the TR and recommended for inclusion and continuation in the WI.   

In the last meeting, there have been extensive discussions on the potential specifications impact to the other Working Groups. In our view, it would be more efficient to provide the other WGs some guidance on the potential impacts to their specifications once RAN1 has refined and prioritized the various techniques currently under consideration.

Observation 3: It would be much more efficient to provide the other WGs some guidance on the potential impacts to their specifications once RAN1 has refined and prioritized the various techniques currently under consideration.


Conclusions
In this contribution, we present our views on the potential enhancements to improve the network energy consumption efficiency. Based on the discussions in the previous sections, we have the following observations and proposals for further considerations: 
Observation 1: RAN2 Impact: The UE should support being configured through RRC signaling the different conditions/triggers for the UE to send an UL Wake-Up signal. 
Observation 2: Multicell-level resource adaptation, cell-level resource adaptation, and sub-cell-level resource adaptation should be introduced and supported. 
Observation 3: It would be much more efficient to provide the other WGs some guidance on the potential impacts to their specifications once RAN1 has refined and prioritized the various techniques currently under consideration.

Proposal 1: Technique A-1, A-2 and A-6 as described in R1-2210744 should be included in the TR and recommended for inclusion and continuation in the WI.   
Proposal 2: Technique A-3 as described in R1-2210744 of an UL wake-up signal from the UE to the gNB should be included in the TR and recommended for inclusion and continuation in the WI.   
Proposal 3: Technique B-1, B-2 and B-3 as described as described in R1-2210744 should be included in the TR and recommended for inclusion and continuation in the WI.   
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