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Introduction
In RAN2#119-e meeting, RAN2 made the following agreements on network energy saving: 
Solution groups:
1	Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1	Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 
In RAN2#119-e meeting, resource adaptation was considered as a network energy saving mechanism mainly for a single carrier scenario. We may consider network-side DTX/DRX mechanism in time domain and dynamic BWP adaptation in frequency domain. This contribution discusses further detail.  
Discussion
NW DTX/DRX in Time Domain
The simplest mechanism for network energy saving is that gNB can periodically or dynamically turn on/off its Tx/Rx capability, also known as NW DTX/DRX. 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 (i.e. NW DTX/DRX state), the following resources can be deactivated:
· PDCCH
· PDSCH/PUSCH  including DL SPS / UL CG
· PRACH resource and random access procedures 
· PUCCH (SR, CSI report, HARQ feedback)
· SRS 
During NW-off state, ongoing procedures may need to be modified, e.g. how the UE handles ongoing PRACH or paging resource monitoring. In any case, it is very difficult to turn off SSB considering legacy UEs and backward compatibility under the assumption of single carrier. 
Proposal 1. During NW DTX/DRX, the following resources are deactivated:
· PDCCH
· PDSCH/PUSCH  including DL SPS / UL CG
· PRACH resource and random access procedures 
· PUCCH (SR, CSI report, HARQ feedback)
· SRS 
Proposal 2. SSB is not turned off in single carrier scenario.
Regarding how and when to turn off, we may have two switching options:
· A) Periodic switch on/off: Similar to UE DRX, periodicity (P) and on-duration time (T) are configured and network periodically turns off TX/RX functionalities. NW may dynamically control its NES state by sending on/off indication via a lower layer signalling. The on/off indication could be either a dedicated signalling or group signalling.
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Figure 1. Periodic switch on/off for NW DTX/DRX
· B) One-shot switch off: One-shot switch off can be indicated by the gNB based on network decision considering traffic load, number of UEs, etc. The NES-on (i.e. NW DTX/DRX) indication could be either a dedicated signalling or group signalling. 
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Figure 2. One-shot switch off for NW DTX/DRX
Proposal 3. For NW DTX/DRX, periodic switch on/off and one-shot switch off can be considered.
BWP Adaptation in 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, e.g. NW DTX/DRX in time domain. If UE’s Active BWP is not an NES-BWP, UE follows the normal operation (i.e. legacy operation). It means that a particular BWP can be used for NES. Existing BWP switching command by DCI may be used for BWP switching to/from NES-BWP or enhancements may be considered.


Figure 3. NES BWP (with NW DTX/DRX or partial switch off) and Non-NES BWP
An alternative would be dynamic or periodic BWP switching to a dedicated BWP, BWP0 in Figure 4. 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. 


Figure 4. Dynamic or periodic BWP switching for NES in frequency domain


We could also consider adaptation of bandwidth of the active BWP for network energy saving. According to the network decision, gNB may adjust bandwidth of active BWP and perform light operation with the narrower BWP. For instance, the time-domain energy saving mechanism which partially turns off network functionalities can be applied.


Figure 5. BWP switching to narrower BWP
Proposal 4. For BWP adaptation, RAN2 to study the following BWP operations:
· NES BWP with NW DTX/DRX or partial switch off
· Dynamic or periodic BWP switching
· BWP switching to narrower BWP
Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Proposal 1. During NW DTX/DRX, the following resources are deactivated:
· PDCCH
· PDSCH/PUSCH  including DL SPS / UL CG
· PRACH resource and random access procedures 
· PUCCH (SR, CSI report, HARQ feedback)
· SRS 
Proposal 2. SSB is not turned off in single carrier scenario.
Proposal 3. For NW DTX/DRX, periodic switch on/off and one-shot switch off can be considered.
Proposal 4. For BWP adaptation, RAN2 to study the following BWP operations:
· NES BWP with NW DTX/DRX or partial switch off
· Dynamic or periodic BWP switching
· BWP switching to narrower BWP
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