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Background
RAN#95-e the SID is updated in RP-220297 [1]. The RAN2 related objective are as below.
	3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded


In this paper, we share some technical directions that are considered as most essential for us to achieve network energy saving.
Discussion
RAN1 progress on techniques for network energy saving
RAN1 has studied several techniques and enhancements for network energy saving, including time domain, frequency domain, spatial domain, power domain, as well as UE assistance information. In this contribution, we share the RAN1 agreements on the technical directions, and further analysis on the motivation for the techniques and potential RAN2 impact for these techniques.
Time domain energy saving
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 signal/channel 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
Frequency domain energy saving
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
Spatial domain energy saving:
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;
f) dynamic logical port adaptation and efficient port reconfigurations
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
Power domain energy saving
a) dynamic adjustment of transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
c) tone reservation techniques (to improve PAPR and power efficiency);
UE assistance information:
a) preferred SSB configurations,
b) indication of semi-static UL channel transmissions,
c) indication of UE’s buffer status for UL channel transmissions, 
d) UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
e) coverage, mobility status, location.
f) conditions for triggering the assistance information from the UE
From above RAN1 agreement, it is clear that spatial and power domain energy saving have more RAN1 impact, which need to be studied and evaluated in RAN1 first. The RAN2 impact can be studied after RAN1 make further progress. The potential RAN2 impacts would be UE capability reporting and network configuration. While the time domain and frequency domain techniques can be studied in RAN2 in parallel with RAN1. RAN2 mainly focus on the motivation and potential impact on gNB and UE behaviour.
Proposal 1: Spatial and power domain energy saving need to be studied in RAN1 first, and the RAN2 impacts can be studied after RAN1 make further progress. RAN2 can firstly study on the time domain and frequency domain techniques.
Discussion on the technical directions for network energy saving
1) No transmission of SSB/SIB/Paging in the carrier for overlapping scenario
Paging messages are always broadcast for standalone NR cells. For a scenario that multiple carriers are overlapped deployed, the paging message would be exactly the same for all these overlapping carriers. Therefore, in multiple carriers overlapping scenario, no transmission of paging message on some of the overlapping carriers is beneficial for network power saving purpose. Only the anchor carrier transmits paging message.
SIB1 and other SI can also be omitted in some of the carriers. For multiple carriers overlapping scenario, when the load of the network is low, broadcasting SIB1 and other SI for all the carriers is not energy efficient. One technical direction is that, only the anchor carrier broadcast SIB1 and other SI for all the overlapping carriers, while other carriers don’t need to transmit SIB1 or other SI any more.
As shown in Figure.1, there is no SSB or SIB or paging transmission on CC2, CC1 and CC2 are synchronized with each other, then UE get synchronization to CC2 by receiving SSB from CC1.
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Figure 1. No SSB/SIB transmission on CC2
However, this solution may have requirement on the frequency gap between CC1 and CC2. For intra-band CA, UE mandatory supports scellWithoutSSB. For inter-band CA, SSB in SCell is still needed, unless RAN1 achieve different conclusion. In addition, such energy saving method can be used to multi-carrier scenarios but not suitable for standalone single carrier deployment. 
Regarding to the RAN2 impact, RAN2 need to study the UE behavior for the carriers with or without paging/SSB/SIB. For example, RAN2 can study whether UE is allowed to receiving SSB/SIB/paging on the anchor carrier, while perform random access on either anchor carrier or non-anchor carriers. Such method was first introduced in Rel-14 NB-IoT, and can probably be applied to NR.
Proposal 2: RAN2 is kindly asked to study the UE behavior for the carriers with or without SSB/SIB/paging, e.g., whether UE is allowed to receiving SSB/SIB/paging on the anchor carrier, while perform random access on either anchor carrier or non-anchor carriers, similar as NB-IoT.
2) Increased SSB/SIB transmission period
By increasing the transmission period of broadcast information, more symbols are available for scheduling or sleep, which results to higher spectrum efficiency or energy efficiency.
This can be applied for both single carrier and multiple carrier scenarios. When it is used for single carrier scenarios, legacy UE may have problem to access such carriers, for example, if a legacy UE tries to combine the SSB/SIB information transmitted on consecutive 20ms occasions, but the periodicity has been increased to 40ms, the reception performance may be decreased since noise will be combined. However, this depends on UE implementation. And larger delay will be introduced for the initial access.
[image: ]
Figure 2. SSB/SIB transmission with larger periodicity
Proposal 3: RAN2 is kindly asked to study the UE impact if the transmission period of SSB/SIB is increased. Backward compatible issue needs to be considered.
3) On demand SSB/SIB transmission
For this candidate solution, SSB or SIB is transmitted on demand. The transmission can be triggered by UE and controllable by gNB. This solution is applicable for both single carrier and multiple carriers scenarios. When applied to single carrier scenario, the impact on legacy UEs should be carefully studied to avoid any backward compatibility issues. While, for some re-farmed new NR carriers, backward compatibility would not be an issue, since legacy would not camp on the re-farmed carriers. 
From RAN2 point of view, the scenario/conditions to apply such on demand SSB/SIB transmission, as well as the trigger mechanism and procedure need to be studied.
[image: ]
Figure 3. On demand SSB/SIB transmission 
Proposal 4: RAN2 is kindly asked to study the scenario and mechanism for on demand SSB/SIB transmission.
4) gNB DTX
C-DRX has been introduced for UEs since LTE, and it is useful for UEs energy saving. Since UE do not know whether they are actually scheduled or not, without C-DRX, UEs have to do blind decoding which consumes unnecessary power when there is no effective scheduling. 
However, C-DRX is configured per UE in current specification. From gNB point of view, even though C-DRX is applied to all the UEs, the gNB has to be always on. But, if C-DRX can be configured in a UE-group or cell-specific manner, DTX can be applied for the gNB.
For gNB, it knows exactly when there will be downlink transmission, so it can go to sleep when there is no data transmission. One possible way is to use DTX to reduce the transmission of always on signals. During DTX period, both SSB/SIB transmission and other periodic RS transmission can be omitted. On the other hand, DTX is also helpful for UE power saving, since UEs do not need to receive or decode any signal during the DTX period.
Observation 1: gNB DTX can help reducing the always on signal transmission, such as SSB/SIB transmission and other period RS transmission, and help UE power saving.
Proposal 5: RAN2 is kindly asked to further study on gNB DTX and potential UE impacts.
Conclusion
In this contribution, we share our considerations on the technical directions for network energy saving. Proposals are as follows:
Proposal 1: Spatial and power domain energy saving need to be studied in RAN1 first, and the RAN2 impacts can be studied after RAN1 make further progress. RAN2 can firstly study on the time domain and frequency domain techniques.
Proposal 2: RAN2 is kindly asked to study the UE behavior for the carriers with or without SSB/SIB/paging, e.g., whether UE is allowed to receiving SSB/SIB/paging on the anchor carrier, while perform random access on either anchor carrier or non-anchor carriers, similar as NB-IoT.
Proposal 3: RAN2 is kindly asked to study the UE impact if the transmission period of SSB/SIB is increased. Backward compatible issue needs to be considered.
Proposal 4: RAN2 is kindly asked to study the scenario and mechanism for on demand SSB/SIB transmission.
Observation 1: gNB DTX can help reducing the always on signal transmission, such as SSB/SIB transmission and other period RS transmission, and help UE power saving.
Proposal 5: RAN2 is kindly asked to further study on gNB DTX and potential UE impacts.
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