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[bookmark: _Ref129681832]In RAN1#109e, various approaches to deliver on savings for the network energy have been summarized [1] and these descriptions are further refined in [2]. 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. In RAN1#110, the following conclusion was captured in the Chairman’s notes [3]:

For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.

In this contribution, an adapted re-submission of our contribution [4] in RAN1#110, we discuss and provide our views on what’s already possible through implementation with existing specifications support and possible enhancements that may still be beneficial to support additional network energy savings. 


Discussion
The approaches listed above have been proposed to address the higher power consumption of NR base stations which is multiple times greater than LTE base stations, principally due to the larger number of Tx/Rx channels, larger bandwidth, and the higher transmission powers. However, it should be noted that NR has been designed with a much higher spectral efficiency compared to LTE due to its lean carrier and signals and efficient control messages. From [1] [2], various methods to efficiently adapt the transmissions of the channels listed below have been proposed:
· common channels/signals, e.g., SSB, SIB1, other SI, paging, PRACH.
· 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. 
· semi-static and/or dynamic cell on/off in one or more granularity, e.g., /subframe/slot/symbol

Current Specification Support
It is observed that for most of the enhancements above, some basic specification support exists since Release 15 NR. For example, turning the cell on/off can be performed with existing gNBs and can be part of the network implementations options. Similarly, for the common signal, SIB1, the transmission or repetition within the 160ms is within network control as well. Note that the SSB periodicity can be varied from 20ms up to 160ms. Current NR can selectively transmit a subset of the SSBs and inform the UE of which SSBs are transmitted and not transmitted through the RRC IE ssb-PositionInBurst. Informing the UE or UEs through dedicated RRC signaling would, however, incur high power and signaling overhead.
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.
For a UE configured with C-DRX, the UE is configured with a predetermined-ON duration within a C-DRX cycle. In practice, the gNB usually configures the same C-DRX cycle among UEs, and multiple ON durations to distributed UEs in time domain. From the gNB perspective, C-DRX can also achieve NW energy saving objective if the gNB can align the OFF periods from all UEs in a same location.
Next, we 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.  

Proposed Enhancements 
Even with the existing capabilities of the current Release of the specification, there are additional specification supports that could be considered beneficial in certain scenarios. 
Further reduction of the SSB and SIB1 transmissions can also be considered. 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. 
With the possible Cell On/Off adaptation, the UEs may still expect/attempt to receive in DL and/or transmit in the UL if they are not informed of an off period of the cell. This could result in higher power consumption for the DL as well as higher transmit power if the UE(s) now need to access a cell that is further away or in less favorable conditions
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.
Observation 1: Support of selective transmission/reception of SSB and SIB1 should be enhanced with group-common or cell-common signaling to the UE(s) on the changes in the SSB/SIBs transmissions.

As with the signaling to support efficient Cell or channels on/off described above, CSI-RS would benefit from cell-level deactivation (and activation) signaling as opposed to UE-specific deactivation (and activation) signaling. This would enable group of cells with shared-PA carriers with fast on/off signaling, with potential to reduce the bandwidth switching delays.
Observation 2: Group-common or cell-common signaling of CSI-RS would provide an efficient signaling that supports bandwidth adaptation for network energy savings.

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).
Proposal 1: UE grouping and group common signaling to support efficient network resource adaptation should be introduced and supported. 

Resource Adaptation Levels 
First, we will have sub-cell level adaptations approaches where it is not required the cell(s) to be completely turned off or deactivation. Continuing with the approaches provided above, the DL signal may be a SSB with an index, a CSI-RS resource/resource set/resource setting, a TRS, etc. The DL signal may be associated with a beam, which is enabled by a subset of RF components, such as a subset of gNB antenna panels, a subset of gNB PAs, etc. In another example, cell 1 may include 2 beams (e.g., 2 SSBs, SSB 0 and SSB 1) and SSB 1 is configured for UE 1, UE 2, and UE 3. 

When the hardware for SSB 1 is to be turned off (or entering a mode that does not transmit or receive air interface transmissions), the network can send a (group) message to UE 1, UE 2, and UE 3 to deactivate SSB 1 for the UEs. When SSB 1 is deactivated, all signals/channels/resources/operations relying on SSB 1 are also deactivated, such as all the CSI-RS/TRS/PDCCH/PDSCH that are QCLed to SSB 1 directly or via another signal, as well as SRS/PUCCH/PUSCH that rely on SSB 1 as path loss RS, RS of the spatial relation info, or rely on a DL RS which is QCLed to SSB 1. 

In some deployments, multicell-level resource adaptation may occur. All resources correspond to those configured for all the served UEs in multiple SCells may undergo adaptation. For example, cell/carrier 1 and cell/carrier 2 may be configured as SCells for UE 1, UE 2, and UE 3. When the hardware for cell 1 and cell 2 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 and cell 2 for the UEs. This is particularly useful if cell 1 and cell 2 are on the same band and hence share at least some common RF/baseband processing hardware, such as cell 1 and cell 2 are in intra-band CA, sharing the same PA, form a SCG, etc. Such cells may be configured as a cell set for the served UEs as the adaptation of the underlying hardware of the cells generally affect all cells in the cell set in a common way.

Observation 3: Resource adaptation at the multicell-level can provide an effective adaptation towards network energy savings.    

Proposal 2: Multicell-level resource adaptation, cell-level resource adaptation, and sub-cell-level resource adaptation should be introduced and supported. 

UL Wake-Up Signal
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.  
Observation 4: The UE should support being configured through RRC signaling the different conditions/triggers for the UE to send an UL Wake-Up signal. 
Proposal 3: Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported. Support of an UL wake-up signal that can be specific to different use cases should be studied.



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: Support of selective transmission/reception of SSB and SIB1 should be enhanced with group-common or cell-common signaling to the UE(s) on the changes in the SSB/SIBs transmissions.
Observation 2: Group-common or cell-common signaling of CSI-RS would provide an efficient signaling that supports bandwidth adaptation for network energy savings.
Observation 3: Resource adaptation at the multicell-level can provide an effective adaptation towards network energy savings.    

Observation 4: The UE should support being configured through RRC signaling the different conditions/triggers for the UE to send an UL Wake-Up signal. 

Proposal 1: UE grouping and group common signaling to support efficient network resource adaptation should be introduced and supported. 
Proposal 2: Multicell-level resource adaptation, cell-level resource adaptation, and sub-cell-level resource adaptation should be introduced and supported. 
Proposal 3: Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported. Support of an UL wake-up signal that can be specific to different use cases should be studied.
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