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Introduction
As specified in the SID [1], RAN2 should study and identify techniques to improve network energy savings as follows:
	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

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 


This contribution identifies potential issues and provides a direction of the study from RAN2 perspectives.

Discussion
NW Energy Saving (NES) for Idle/Inactive UEs
In a gNB coverage, there are multiple UEs in RRC_CONNECTED and multiple UEs in RRC_IDLE/INACTIVE. Basically, NW energy saving is for gNBs, not for UEs. The effect of NW energy saving mechanism will be maximized when gNB is able to turn off all relevant functionalities regardless of UE’s RRC state. Thus, NW energy saving mechanism should include deactivation of paging resources and PRACH for UEs in RRC_IDLE/INACTIVE. 
In our view, deactivation of those resources may not have a big problem even for legacy UEs. If network is in energy saving during a PO, it will send paging later. UE is anyways not expecting paging in its every PO. The deactivation could be per DRX cycle, i.e. paging resources of some DRX cycles are completely turned off. Similarly, in case of RACH by legacy UEs, UE will send RACH for deactivated PRACH resource. In this case, RACH procedure may be delayed due to the network energy saving. Considering legacy UEs, SSB cannot be turned off without backward compatibility. 
In spite of the backward compatibility, it would be nicer for UEs to know the deactivation of paging resources and PRACH resources to avoid unnecessary UE operations.
Proposal 1. RAN2 to study network energy saving mechanism with deactivation of paging resources and PRACH resources for RRC_IDLE/INACTIVE UEs.
Legacy UEs in RRC_IDLE/INACTIVE do not understand when the gNB turns off its functionalities. In particular, legacy UEs monitors paging resources which are not used by an energy-saving gNB. It means that the legacy operation may not be efficient. In this case, it would be better to guide legacy UEs to non-energy-saving gNB. Barring of legacy UEs could be a simple way. Also, it is possible that legacy UEs and NES-capable UEs differently treat energy-saving cell (e.g. prioritization or de-prioritization). 
Proposal 2. RAN2 to study network energy saving to guide legacy UEs to cell of non-energy-saving gNB.
NW Energy Saving (NES) for Connected UEs
Time Domain
gNB can periodically or dynamically turn on/off its Tx/Rx capability for network energy saving. When NW turns off its TX/RX functionalities, (almost) all radio resources can be deactivated for all UEs in the coverage. During NW-Off state, the following resources can be deactivated:
· PDCCH 
· DL SPS / UL CG 
· PRACH resource and random access procedures 
· PUCCH (SR, CSI report, HARQ feedback)
· SRS 
Time-domain on/off operation is simple and efficient. Hence, RAN2 discussion should prioritize time-domain network energy saving mechanism to develop the details. 
Proposal 3. RAN2 to prioritize network energy saving mechanism in time-domain. 
Frequency Domain
For network energy saving in frequency domain, enhancement of BWP can be considered. For instance, a special BWP called NES-BWP can be defined and both gNB periodically/dynamically turns off TX/RX functionalities (time-domain on/off) in the NES-BWP. If UE’s Active BWP is an NES-BWP, UE applies the newly-defined NES procedure where NW can save the power consumption in NES-BWP’s sleep period. If UE’s Active BWP is not an NES-BWP, UE follows the normal operation. Existing BWP switching command by DCI may be used for BWP switching to/from NES-BWP or enhancements may be considered.
An alternative would be dynamic BWP switching to a dedicated BWP, BWP0 in an example below. Each UE may have its own active BWP but periodically switch to BWP0 and switches back to the original BWP. When UE temporarily switches to BWP0, all other BWPs are not used for any UE and gNB saves energy by using only one BWP periodically. 


Proposal 4. For network energy saving in frequency domain, RAN2 to study BWP operation for network energy saving. 
Spatial/Power Domain
Network energy saving in spatial or power domain is out of RAN2 scope, thus we can leave it up to RAN1.
Proposal 5. Network energy saving in spatial or power domain is left up to RAN1.
Coexistence with C-DRX
DRX is mainly for UE power saving. If RAN2 agrees to define a standardized network energy saving mode (NES mode) as a new operational mode, both DRX and NES mode may be simultaneously configured due to the differences of objectives and detailed operations. Precedence between DRX and NES mode is an issue. It is clear that if gNB turns off its TX/RX functionalities, UE has no reason to perform TX/RX operation. Conversely, even if a UE turns off its TX/RX capability in DRX’s non-Active Time, gNB may turn on its Tx/Rx functionalities for transmission or reception with other UEs. Hence, NES mode should be prioritized over C-DRX. Alternatively, it is also possible that UE may need to ignore DRX configurations when NES mode is activated. 
Proposal 6. RAN2 to study co-existence issue of network energy saving mechanism with C-DRX.
Impact to Random Access
If NW temporarily turns off its TX/RX functionalities, UE may not need to perform random access procedure and ongoing RA procedure may be interrupted. Thus, network energy saving may increase possibility of eventual RACH failure. Since the random access is related with initial access and synchronization, this may have non-negligible impact, so a study is needed. 
Proposal 7. RAN2 to study impacts of network energy saving to random access procedure. 

Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Proposal 1. RAN2 to study network energy saving mechanism with deactivation of paging resources and PRACH resources for RRC_IDLE/INACTIVE UEs.
Proposal 2. RAN2 to study network energy saving to guide legacy UEs to cell of non-energy-saving gNB.
Proposal 3. RAN2 to prioritize network energy saving mechanism in time-domain. 
Proposal 4. For network energy saving in frequency domain, RAN2 to study BWP operation for network energy saving. 
Proposal 5. Network energy saving in spatial or power domain is left up to RAN1.
Proposal 6. RAN2 to study co-existence issue of network energy saving mechanism with C-DRX.
Proposal 7. RAN2 to study impacts of network energy saving to random access procedure. 
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