[bookmark: _Hlk92532984][bookmark: _Hlk92532973][bookmark: _Hlk92532926]3GPP TSG-RAN WG2 Meeting #119bis		R2-2209809
E-Meeting, 10th – 19th October, 2022
[bookmark: _Hlk92532988][bookmark: _Hlk92533107]Agenda Item:	8.3.2
[bookmark: _Hlk92532994]Source:	vivo
Title:	Discussions on time domain techniques for network energy saving
Document for:	Discussion and Decision

[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]According to post-RAN2#119e email discussion [1], the following network energy saving (NES) techiniques are proposed to be further studied in RAN2:
	Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less
1-2) On-demand SSB/SIB1, triggered by WUS
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.


From our understanding, the other excluded techniques are relying heavily on RAN1 input. Yet, we observe that most of the aspects listed above also need more or less RAN1 evalution. In this contribution, we will discuss about NW DTX/DRX and WUS, and analyse their potential RAN1/RAN2 impact.

Discussion
NW DTX/DRX
The general method for a gNB to realize time-domain network energy saving is to reduce unnecessary transmission of common channels/signals with little/no impact to legacy UE and dedicated channels/signals with tolerable degradation to NES-supporting UE performance, and configure sparser window for reception. Therefore, when we discuss about NW DTX/DRX, we think it is partly overlapping with most of the other NES techniques, with only the difference of it being performed in a periodical manner, i.e. we suppose aperiodic NW DTX/DRX is not considered in the current context.
From instinct, NW DTX/DRX is benefical for achieving NES gain. In previous email discussion, some comments suggest RAN2 to study NW DTX and NW DRX separately. As a matter of fact, DTX configuration and DRX configuration may affect each other. For example, RACH occasion is constricted by NW DRX, because it is useless for a UE to perform random access procedure in a NW DRX off duration. Meanwhile, RACH occasion is related to SSB, which may be submissive to NW DTX. As such, the change of NW DTX pattern can cause potential impact to a UE which is attepmting to perform random access procedure. Therefore, we propose whether to discuss NW DTX and NW DRX seperately depends on the solution, i.e. how NW configures DTX/DRX.

Observation 1 [bookmark: _Hlk92532133]NW DTX configuration and NW DRX configuration may affect each other, e.g. RACH occasion is constricted by NW DRX, and it is related to SSB which may be submissive to NW DTX.
To better comprehend how DTX configuration and NW DRX configuration may affect each other, we need to figure out what are the potential solutions and UE impacts to NW DTX and NW DRX respectively.
For NW DTX, the following issues are already mentioned:
What channels/signals may support NW DTX?
The channels/signals include common ones and dedicated ones. 
For dedicated channels/signals, the configuration for them only affect NES-supporting RRC_CONNECTED UEs, one by one. Therefore, it will neither impact legacy UE or other NES-supporting UE. However, dedicated channels/signals that may support NW DTX is up to RAN1.
Common channels/signals what may support NW DTX include SSB/SIB1/paging. SSB and SIB1 are already designed as periodical, and paging conforms to UE DRX cycle, which means SSB/SIB1/paging support NW DTX naturally. According to the current Spec, SSB periodicity is configurable from 5 ms to 160 ms, and the default transmission repetition periodicity of SIB1 is 20 ms but the actual transmission repetition periodicity is up to network implementation [2]. Therefore, SSB/SIB1 can already support NW DTX. The only question is whether we should support SSB periodicity to be bigger than 20 ms which affect legacy UE initial cell search. This is intensively discussed in RAN1, we have no need to start parallel discussion. There are companies mentioning PF/PO bundling to realize sparser PF/PO. It may be beneficial for NW DTX, but whether it can be supported is out of RAN2 scope as we do not study how to define NES-specific PF/PO.
In sum, we propose RAN2 has no need to extend discussion about what channels/signals may support NW DTX.
Observation 2 Dedicated channels/signals that can support NW DTX is up to RAN1. Common channels/signals are designed to support NW DTX-like configuration already.
Proposal 1 RAN2 not to extend discussion about what channels/signals may support NW DTX.
Whether to support group-common signaling to indicate NW DTX (or NW DRX) to UE?
So far, group-common signaling to indicate certain NES technique is extensively mentioned for most of the NES techniques on the table, which is quite similar to UE assistance information. Whether to support group-common signaling for a certain NES technique should be discussed case by case. Indeed, group-common signaling can achieve some benefit in reducing network signaling. However, NW DTX (or NW DRX) may only be configured when the cell load is low, we do not see much gain in support group-common signaling which may bring a lot of trouble, e.g. how to address UE measurement difference, UE capability difference, group-common signaling reception failure, etc.
[bookmark: _GoBack]After most of the NES techniques are further discussed, we can expect RAN1 to design a common framework about how to support group-common signaling for the NES techniques that are agreed to adopt group-common signaling, with consideration of addressing all the potential problems that group-common signaling may cause. There is just nothing should be further studied by RAN2 for now.
Proposal 2 RAN2 not to extend discussion about whether to support group-common signaling for NW DTX/DRX. 
Whether to align NW and UE comprehension of NW DTX & UE DRX?
We understand that there may be need to align NW and UE comprehension of NW DTX & UE DRX. However, this depends on what we expect to realize in NW DTX case by case. There is possibility that for the channels/signals that finally are agreed to adopt NW DTX, there is no need to introduce any enhancement at all. 
For example, for dedicated channels/signaling, NW DTX can simply be implemented by reconfiguring UE DRX. For common channels/signaling, NW already support to inform UE about SSB/SIB1 periodicty. If RAN1 determines to introduce sparser PDCCH monitoring occasion, the NW may simply configure UE with a larger cell-specific UE DRX cycle without even informing UE about NW DTX.
Thus, we suggest to postpone the discussion until we reach more agreements about what is supported for NW DTX and whether the NW needs to inform UE about NW DTX case by case.
Proposal 3 RAN2 to postpone discussion about Whether to align NW and UE comprehension of NW DTX & UE DRX until there is clear agreement about what is supported for NW DTX and whether the NW need to inform UE about NW DTX configuration/pattern. 
For NW DRX, the serving cell can simply schedule/configure UE’s uplink resources within its cell DRX on duration in an implicit way (if cell DRX is adopted). We are not sure if there is anything that can be further studied for NW DRX in RAN2 for now.
Proposal 4 RAN2 to discuss if there is anything that can be further studied for NW DRX from RAN2’s perspective. 
[bookmark: _Hlk92538289]WUS
In order to save network energy, cells with empty/low load can enter into energy saving state when there is no/little served UE in these cells. In this energy saving state, BS will stop transmission of SSB/SIB1 or maintain only a very sparse transmission of SSB/SIB1. Obviously, this reduction of periodical SSB/SIB1 transmission could result in much energy saving gain in empty load case. However, energy saving cells should be activated in time when there is need to serve a UE since they can’t serve the UEs without normal SSB/SIB1 transmission. UL WUS is a potential solution to notify an energy cell of UE appearance.
For legacy energy saving cell activation/deactivation mechanism in NR Rel-17, SA designs an energy saving cell activation/deactivation mechanism for capacity booster cell overlaid by candidate coverage cell(s) in TS 28.310 [2]. One example is provided below: two gNB cells (Cell A, Cell B) cover the same geographical area, where Cell B has a smaller size than Cell A and is covered totally by Cell A. Generally, Cell A is deployed to provide continuous coverage of the area, while Cell B increases the capacity of the special sub-areas, such as hot spots. 
[image: ]
[bookmark: _Ref110956152]Fig. 1: Cell activation of capacity booster cell (Cell B) by candidate coverage cell (Cell A)
As described in TS 28.310, load-based energy saving (ES) cell activation/deactivation are specified to save network energy consumption. For example, Cell B becomes an ES cell when there is empty/low load. In this ES state, Cell B BS turns off almost all the hardware components for transmission/reception (i.e., go to quasi-off sleep mode) so that no UE can be served or camped in Cell B. At the same time, Cell B will monitor signalling information from Cell A via Xn interface to see whether it should become a normal operation cell.  Based on load information, Cell A providing basic coverage may request activation of Cell B, i.e., recovering normal state from ES state. 
However, the legacy mechanism for energy saving has two defects:
1. Cell B is not aware of IDLE UEs presence or not. It can only be activated based on network evaluating the traffic load;
2. If there are multiple such kind of ES Cell around, the network may need to turn them all on when the traffic load increase, causing energy waste when some cell is to provide service to no or only a few UEs.
With UL WUS, the above two defects can all be addressed. Therefore, we propose to introduce UL WUS for IDLE/INACTIVE UE for single-carrier scanario.
Proposal 5 Support UL WUS scenario 1 as a candidate NES solution: UL WUS for ES cell on/off or ES cell NES-state switching for IDLE/INACTIVE UE in single-carrier scenario. 
Similarly, if UE is in RRC_CONNECTED state, the second defect stated above still exists. Although there may be some technique for the serving cell (e.g. cell A) to estimate which ES cell UE is likely approaching (e.g. UE location estimation based on UE measurement of nearby cells), this cannot be always gauranteed if the environment is complexed or the density of cell deployment is low. Therefore, UL WUS can also serve well in this case. When an ES cell (e.g. cell B) receives UL WUS, it can switch to normal working state for the UE’s following possible handover procedure. 
Although there is an alternative solution, i.e. the ES cell transmits DRS and UE reports DRS measurement to serving cell and serving cell sends cell activation to the ES cell, UE may encounter RLF before UE starts to report a strong RSRP of the ES cell to the serving cell. In this case, UE may not be succesfully handovered to the ES cell. Therefore, with introducing UL WUS in this case, UE may be able to send UL WUS to the ES cell and perform CHO to it. Therefore, we propose to introduce UL WUS for RRC_CONNECTED UE for single-carrier scanario.
Proposal 6 Support UL WUS scenario 2 as a candidate NES solution: UL WUS for ES cell on/off, ES cell NES-state switching or on-demand SSB for CONNECTED UE in single-carrier scenario. 
In the previous email discussion, UL WUS is also mentioned as a solution to trigger on-demand SSB/SIB1 on a non-anchor inter-band carrier/cell (SSB-less intra-band SCell is already supported in legacy Spec). Therefore, we also propose to support UL WUS to trigger on-demand SSB on a non-anchor carrier/cell.
Proposal 7 Support UL WUS scenario 3 as a candidate NES solution: UL WUS for on-demand SSB for CONNECTED UE in multi-carrier scenario. 
In sum, we propose UL WUS to be supported as candidate NES solution to aid ES cells to perform cell on/off, NES-state switching or on-demand SSB in the following scenarios:
Table 1: scenarios that UL WUS may be applied to aid NW to achieve NES gain
	        UE states
scenarios    
	IDLE/INACTIVE
	CONNECTED

	single-carrier
	Solution: UL WUS for ES cell on/off or ES cell NES-state switching
	Solution: UL WUS for ES cell on/off, ES cell NES-state switching or on-demand SSB

	
	NES gain: NW achieves time domain NES gain when the ES cell is off or entering certain NES-state.
	NES gain: NW achieves time domain NES gain when the ES cell is off or entering certain NES-state, e.g. extended SSB periodicity.

	multi-carrier
	
	Solution: UL WUS for on-demand SSB

	
	
	NES gain: NW achieves time domain NES gain when the non-anchor cell does not transmit SSB/SIB1


As commented by some companies that DRS and WUS sequence is up to RAN1, we agree with that. For example, ES cell DRS can be simplified SSB or a new RS, and WUS sequence can be preamble or a new WUS sequence. How RAN1 design them may cause impact to RAN2 procedures. Therefore, we can postpone this part of UL WUS.
Proposal 8 RAN2 to postpone discussion about UL WUS sub-procedures that are relevant to RAN1 design, i.e. DRS and WUS sequence. 
However, we can first analyse what are the potential impacts of applying UL WUS in the scenarios stated above from RAN2’s perspective.
Table 2: impact to legacy UE and WUS-enable UE for scenarios that UL WUS may be applied
	        UE states
scenarios    
	IDLE/INACTIVE
	CONNECTED

	single-carrier
	impact to legacy UE:
- legacy UE to perform initial cell search can access to coverage cell; 
- WUS-enable ES cell does not prevent legacy UE from cell reselection to it.
	impact to legacy UE:
- legacy UE to perform initial cell search can access to coverage cell; 
- WUS-enable ES cell does not prevent legacy UE from cell reselection to it.

	
	impact to WUS-enable UE:
- whether WUS-enable UE can perform initial cell search in ES cell;
- cell reselection considering there is WUS-enable ES neighbour cell
- discuss situations that WUS may be applied:
· upon serving cell entering ES state;
· when UE performs neighbour cell measurement and the measurement result from ES cell is suitable;
· when UE performs initial cell search and cannot find a suitable cell; 
	impact to WUS-enable UE:
- CHO considering there is WUS-enable ES neighbour cell
- discuss situations that WUS may be applied:
· upon serving cell entering ES state;
· when UE is performing neighbour cell measurement and the measurement result from ES cell is suitable;



	multi-carrier
	
	impact to legacy UE:
- none, legacy UE can access to anchor cell;

	
	
	impact to WUS-enable UE:
- discuss situations that WUS may be applied:
· trigger on-demand SSB/SIB1 for an inter-band non-anchor cell;


Proposal 9 RAN2 to discuss about impact to legacy UE and WUS-enable UE for each scenario listed in Table 2. 

Conclusion
Based on the discussion, we have the following observation and proposals:
Observation 1 NW DTX configuration and NW DRX configuration may affect each other, e.g. RACH occasion is constricted by NW DRX, and it is related to SSB which may be submissive to NW DTX.
Observation 2 Dedicated channels/signals that can support NW DTX is up to RAN1. Common channels/signals are designed to support NW DTX-like configuration already.
Proposal 1 RAN2 not to extend discussion about what channels/signals may support NW DTX.
Proposal 2 RAN2 not to extend discussion about whether to support group-common signaling for NW DTX/DRX.
Proposal 3 RAN2 to postpone discussion about Whether to align NW and UE comprehension of NW DTX & UE DRX until there is clear agreement about what is supported for NW DTX and whether the NW need to inform UE about NW DTX configuration/pattern.
Proposal 4 RAN2 to discuss if there is anything that can be further studied for NW DRX from RAN2’s perspective.
Proposal 5 Support UL WUS scenario 1 as a candidate NES solution: UL WUS for ES cell on/off or ES cell NES-state switching for IDLE/INACTIVE UE in single-carrier scenario.
Proposal 6 Support UL WUS scenario 2 as a candidate NES solution: UL WUS for ES cell on/off, ES cell NES-state switching or on-demand SSB for CONNECTED UE in single-carrier scenario.
Proposal 7 Support UL WUS scenario 3 as a candidate NES solution: UL WUS for on-demand SSB for CONNECTED UE in multi-carrier scenario.
Proposal 8 RAN2 to postpone discussion about UL WUS sub-procedures that are relevant to RAN1 design, i.e. DRS and WUS sequence.
Proposal 9 RAN2 to discuss about impact to legacy UE and WUS-enable UE for each scenario listed in Table 2.
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