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1. Introduction
[bookmark: _Toc12718547]For 5G, the BS power consumption accounts for about 58% of cellular network power consumption. Besides the impact on climate change, the network OPEX tends to account for around 25% of the operator cost base, wherein over 90% of network costs are spent on energy. In RAN#95-e, the SI of Study on network energy savings for NR has been approved [1] with the following RAN2 related objectives:
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 RAN1#109, some potential energy saving techniques have been discussed, and the following agreement has been reached:
Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
· 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
· 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.
· 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
· support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
· dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· 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
· 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.
In this paper, we share our understanding on some potential techniques in time, frequency and spatial domain and UE assistance information for network energy savings.
2. Discussion
2.1. Time and frequency domain energy saving techniques
[bookmark: OLE_LINK2]SSB/SIB reduction
The dense transmission of the DL common channel, e.g. SSB and SIB, increases network power consumption, especially in the case of low load. In order to achieve the network energy saving, DL common channel reduction should be taken into consideration. In time domain, - one straightforward solution is to decrease the transmission occasion of SSB with multi-carrier (e.g. CA), and single carrier scenario considered. 

· Scenario #1: multi-carrier (e.g. CA)
SSB and SIB transmission may consume lots of gNB energy. In case of CA, some bands are used as SCell to improve throughput. In the R17 topic about UE power saving, SSB-less SCell has been supported for intra-band CA. But, the SSB in the SCell is mandatory for inter-band CA. However, if the frequencies are close in frequency separation in inter-band CA case, considering that UE could obtain the synchronization and measurement result in SCell by measuring the SSB in PCell, the SSB-less SCell in inter-band CA could be considered.
[image: ]
Figure 1. SSB reduction in multi-carrier (CA)
· Scenario #2: single-carrier
In LTE, cell DTX mechanism was introduced to reduce the CRS transmission [2]. In NR, even the DL common signal/channel is leaner than LTE, it is still better to further reduce SSB/SIB transmission for network energy saving. Figure 2 shows the single-carrier case that when there are less UEs in a cell and the traffic load is low, the SSB/SIB transmission can be relaxed for network energy saving 
[bookmark: _Toc81574484][image: C:\Users\00219303\AppData\Local\Temp\ksohtml14660\wps1.jpg]
Figure 2. SSB/SIB reduction in single-carrier
Proposal 1: For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band case.
· In single -carrier case, SSB/SIB reduction can be considered
Dynamic cell on/off
When the load is distributed in multiple cells and there is light load in each cell, the network can consider to converge load to some cells and turn off the others dynamically to save power. 
To make wise decision on which cell(s) can be shutdown, the load information of the cells should be exchanged. In DC and/or CA cases, the Scell can be easily deactivated and shutdown without service handover, but the Pcell shutdown will impacts the UEs on-line much. And based on the current specification, the the load information of the cell and the neighbor cell/carrier cannot differentiate Pcell load information and Scell load information, which is difficult for gNB to decide to whether a cell can be shut down and which cell can be shutdown. Thus, we propose to differentiate PCell and SCell when exchange the load information between network nodes.
Proposal 2: Dynamic cell on/off can be considered for network energy saving with theload information measurement and exchange between network nodes differentiating Pcell and Scell. Dynamic Symbol/Slot level on-off
gNB could mute some free symbols or slots in order to avoid the impact on user experience as much as possible. If gNB mute some symbols of DL shared channel, those symbols or slots could be reserved via cross slot scheduling. If gNB mutes some symbols of DL control channel, those symbols or slots could be reserved via no transmission. And such muted symbols or slots should be indicated to UE so that UE will not monitor them.
Proposal 3: Dynamic symbol or slot on-off can be considered for network energy saving with the invalid symbols or slots indicated to UE.
2.2. Spatial domain energy saving techniques
Beam on/off operation
In NR multiple carriers network or NR/LTE network, when the load of a NR beam is light, the service in the beam can be converged to some of the other beams or carriers and shutdown the beam to save gNB power. E.g. one or more of beam can switch their service to other cell/carrier/beam and then shut down their own power to save energy.
To shutdown beam for energy saving, the following aspects should be considered:
1. The load information of the beam and the neighbor cell/carrier/beam, which are used for gNB to determine whether the beam can be shut down and which beam can be shutdown should be exchanged between network nodes
2. When the gNB decides to shut down a beam, the gNB should switch the service of the beam to another other cell/carrier/beam, and restrict the new users from accessing to the beam.
Proposal 4: Dynamic beam on-off can be considered for network energy saving with the following enhancement supported:
· Beam level load information measurement and exchange between network nodes;
· Beam level access control.
2.3. UE assistance information for network energy saving
For potential network energy saving techniques, it should balance between the network energy saving and UE performance. If the UE can report some information to help network, the network can adjust the energy saving techniques to reduce the impact on user experience.
We understand the following types of information would be useful for network energy saving:
The traffic related information:
· Arrival time or Start Time per DRB or per LC,
· Maximal delay or spread time to be transmitted;
· Total traffic volume;
The mobility related information:
· UE mobility trajectory;
· Visited cell records with visited cell ids and camped time duration;
Request or indication from UE:
· Too large delay indication,
The traffic related information would be helpful for NW to identify the traffic pattern in the time domain and decide how to reduce SSB/SIB and when to turn off some symbols or slots. The mobility related information can help NW predict the UE distribution and decide how to turn on/off some cells, carriers or beams. While the request or indication from UE, e.g. too large delay indication, can report bad user experience so that NW can relax some energy saving techniques to improve user experience as requested.
Proposal 5: The following assistance information provided from UE can be considered to help with network energy saving techniques:
The traffic related information:
· Arrival time or Start Time per DRB or per LC,
· Maximal delay or spread time to be transmitted;
· Total traffic volume;
The mobility related information:
· UE mobility trajectory;
· Visited cell records with visited cell ids and camped time duration;
Request or indication from UE:
· Too large delay indication,
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Proposal 1: For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band case.
· In single -carrier case, SSB/SIB reduction can be considered
Proposal 2: Dynamic cell on/off can be considered for network energy saving with the load information measurement and exchange between network nodes differentiating Pcell and Scell.
Proposal 3: Dynamic symbol or slot on-off can be considered for network energy saving with the invalid symbols or slots indicated to UE.
[bookmark: _GoBack]Proposal 4: Dynamic beam on-off can be considered for network energy saving with the following enhancement supported:
· Beam level load information measurement and exchange between network nodes;
· Beam level access control.
Proposal 5: The following assistance information provided from UE can be considered to help with network energy saving techniques:
The traffic related information:
· Arrival time or Start Time per DRB or per LC,
· Maximal delay or spread time to be transmitted;
· Total traffic volume;
The mobility related information:
· UE mobility trajectory;
· Visited cell records with visited cell ids and camped time duration;
Request or indication from UE:
· Too large delay indication,
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