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1	Introduction
In last RAN2 meeting, one of the things to further study is on the UE group(s) and group configurations update for the transitions of the different time and frequency domain solution groups while UE is in RRC Connected mode 
1. Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration

In this contribution, the efficient operation of adaptation for network power saving for the different time and frequency domain solution groups are further discussed.
2	Discussion
2.1	Need of group signalling
Other than energy consumed by cooling which consumes significant network energy, the other RAN components that consume a non-insignificant network energy are baseband processing and RF.  The baseband processing and RF of the RAN are used to perform transmission and reception of data and signalling to/from the UE. Hence by reducing unnecessary receptions and transmissions to UE, particularly on UL/DL signalling when they are not needed or bundling the receptions and transmission in the time domain, the network components can be turned off and network energy consumption can be reduced through less transmissions and receptions or via longer period of inactivity. Such UL/DL signalling can be common or dedicated as summarized in Table 1 below.
Table 1. Summary of DL/UL signaling (including dedicated and common ones)
	DL common control signalling
	UL common control signalling
	DL dedicated control signalling
	UL dedicated control signalling

	SSB
	PRACH
	CSI-RS/TRS
	PUCCH carrying SR/CSI report/HARQ ACK for SPS

	SIB1
	
	PDCCH
	SRS

	SI
	
	
	

	Paging/I-DRX
	
	
	



Other than the UL/DL signalling, in frequency domain aspect, reducing operating bandwidth for the transmissions and receptions at the gNB can also save in network energy saving. If gNB does not need to operate at specific bandwidths, gNB can reduce its operational bandwidth and based on the traffic load, gNB can perform BWP adaptation or switching when required by configuring the UEs in a common BWP (e.g. the cell initial BWP). In a carrier aggregation scenario, if UE throughput is not needed, the gNB can also reconfigure the UEs to release/deactivate the SCell so that the corresponding SCell can be switched off or switched to some form of sleep mode. For time domain aspect, it can be on configuring the UEs such that the C-DRX of UEs is aligned in time to facilitate Cell or network DTX where network can have more time in sleep mode and thus save network energy saving. These are just some examples of resource adaptations in time and frequency domain aspect.  There are also other resource adaptations in spatial domain (e.g. number of antenna ports etc.). 

Observation#1: Network energy saving can be achieved by bundling/reducing UL/DL signalling of the UEs, aligning the C-DRX of UEs, bundling UEs in the same BWP, reducing the number of SCells and other resources in time, frequency and spatial domains. 

[bookmark: _Hlk115115377]However, to achieve maximum network energy saving, there is a need for the network to efficiently reconfigure  the signalling/data receptions and transmissions of UEs to reduce unnecessary signalling or to align the signalling/data receptions and transmissions of UEs, change the BWP of UEs to a common BWP (e.g. cell initial BWP) and/or release/deactivate the SCells, reconfigure the C-DRX so that C-DRX are aligned and many other configurations to either all the UEs in the cell or a targeted group of UEs simultaneously.  Therefore, a group configuration update mechanism seems useful. Without such a group configuration update mechanism, the network has to signal the change to each of the UE in RRC Connected mode via existing dedicated signalling and hence does not allow the network to bring its desired network energy efficiency in a timely manner.  This may also result in huge signalling overhead and thus does not provide an efficient operation. Hence some form of group signalling is needed.

RAN1 has further discussed the NES techniques that support may benefit from group configurations with group indication as highlighted (Technique #A for time domain technique, Technique #B for frequency domain technique, Technique #C for spatial domain technique, Technique #D for power domain technique):

· Technique #A-2: Dynamic adaptation of UE specific signals and channels 
· Network energy saving opportunities may be restricted by UE specific signals and channels that are semi-statically configured such as periodic or semi-persistent 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).
· ….
· Support of enhancements to synchronize the UE specific signal and channel transmission reception such that they provide longer inactivity periods at the gNB can be considered.
· Support of configuration signaling of the UE specific signals and channel transmission and reception to be reduced, e.g. by utilizing UE/cell group-level or cell common signaling to allow gNB to minimize configuration overhead and potentially minimize overall gNB activity.
· Technique #A-4: Adaptation of DTX/DRX
· DTX/DRX cycle configuration/pattern at the BS, which can be potentially aligned with the DRX cycle configured for UEs in connected mode or idle mode can potentially provide longer inactivity periods at the gNB.
· This may include potential enhancements to UE behavior when both cell-specific DTX/DRX cycle and UE DRX cycle are configured.
· An alternative BS DTX with UE C-DRX alignment would be the use of DTX/DRX patterns that are defined by the BS. 
· The techniques/approaches of DTX/DRX alignment can be complementary to each other and they may be beneficial to energy savings both at the network and at the UE side.
· …..
· Controlling UE DRX on/off periods for multiple DRX cycles with a single indication can potentially provide longer inactivity periods at the gNB.
· This may include group level indication for, such as UE-group signaling or cell-specific signaling, UE DRX commend such as DRX enhanced command MAC CE and long DRX commend MAC CE.
· Technique #B-3: Dynamic adaptation of bandwidth of UE(s) within a BWP [and dynamic adaptation of a resource grid in a carrier] 
· Enhancements to enable group-common signaling to adapt the bandwidth of active BWP and continue operating in same BWP reduces the latency and lowers the signaling overhead.

· Technique #C-2: Dynamic adaptation of TRPs in mTRP 
· Adaptation is categorized as type 3:
· Type 3: activate/deactivate a set of spatial elements, e.g., TRP on/off, activating N1-port CSI-RS resource (set) and deactivating N2-port CSI-RS resource (set)
· Type 3 may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Dynamic adaption of non-colocated antenna elements, such as different TRP.  
· gNB may conserve energy by reducing the number of active TRPs in the mTRP deployment.
· This may also include signaling of the adaptation of TRPs in mTRP, e.g. by utilizing group-level or cell common signaling.
· Support enhancements to UE behaviors due to dynamic adaptation of TRPs, 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
· Technique #D-1: Adaptation of transmission power of signals and channels
· Network energy savings could be potentially obtained by reducing the transmission power or PSD of various signals and channels, e.g SSB, CSI-RS, PDSCH, during specific scenarios or situations. 
· Support  of signaling of modified power ratio between CSI-RS and PDSCH/SSB or between SSB and CSI-RS are expected to provide adaptation of flexible power ratio values and potentially reduce overhead, e.g. by utilizing group-level or cell common signaling.
· This may include enhancements on CSI-RS based measurements, such as beam management, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure
· …..

In the email discussion, it is proposed by the rapporteur to further discuss group signalling for the following:

2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation

Based on the analysis and on the RAN1 discussion on the various NES techniques, some observations below can be made:

Observation#2: Using existing dedicated signalling to perform reconfiguration for network energy saving, it will result in surge in signalling overhead and may not be completed in a timely manner.
  
Observation#3: To achieve effective network energy saving with low signalling overhead and in timely manner, some form of group configuration update mechanism is required to reconfigure the multiple resource configurations (e.g. UL/DL signalling resources, BWP switch, release/deactivate SCells, C-DRX configurations) to all the UEs in the cell or a targeted group of UEs simultaneously.

Proposal#1: RAN2 to further study in the WI phase how to enable a group configuration update mechanism to improve network energy saving to reconfigure the multiple resource configurations (e.g. UL/DL signalling resources for cell DTX/DRX, BWP switch, release/deactivate SCells, C-DRX configurations in Cell DTX) to all the UEs in the cell or a targeted group of UEs simultaneously.

In the following sub-sections, a more detailed of the group configuration update mechanism is discussed

2.2.1 Details of the group configuration update mechanism
In order for the network to move between network energy efficient configurations in a cell, the UEs in the cell might need to change one or more configurations simultaneously via group signalling so that the gNB can turn off some of the components to save gNB energy affected by those configurations. As there is no secure mechanism defined today to provide signalling to a group of UEs simultaneously, this can be done in a 2-step approach:
Step 1: UEs are pre-configured with multiple configurations, each identified by a configuration id, over dedicated signalling.  
Step 2: Triggered the UEs to apply a particular configuration (identified by the configuration id) using a broadcast or common L1/L2 signalling.  
The different configurations could correspond to different levels of energy saving.  An example of possible combination of configurations corresponding to different levels of network energy saving is as follow where a set of group configuration is identified by a configuration/profile index: 

	Configuration/Profile Index
	Profile configuration

	#0 (normal network energy efficiency)
	DL dedicated configurations:
C-DRX: set to normal C-DRX configuration as per the QCI of the UE’s radio bearers.

UL dedicated configurations:
SR is set to normal periodicity as per the QCI of the UE’s radio bearers.

	#1 (medium network energy efficiency)
	DL dedicated configurations:
C-DRX: uses medium long DRX cycle with common offset among UE to bundle UE together for maximum network power saving 

UL dedicated configurations:
SR is set to longer periodicity than normal

	#2 (high network energy efficiency)
	DL dedicated configurations:
C-DRX: uses extra-long DRX cycle with common offset among UE to bundle UE together for maximum network power saving 
Group BWP: Bundle UE together in a dedicated BWP for maximum network power saving

UL dedicated configurations:
SR is set to extra-long periodicity than normal



The change of configurations can be for all the UEs in a cell. However, if a change of configuration to a subset of UEs (a UE group) in a cell is needed, UEs could also be provided with a group id and the trigger to apply a configuration could be addressed to this group id.  Even though the group indication in Step 2 is to a group of UEs, the Step 1 is still provided to a UE on a per dedicated signalling and the network will consider the UE capability when setting the configuration.

Such 2-step approach allows secure synchronised configuration update in the UEs and network while avoiding signalling surge, where:

Step 1 spreads the configuration signalling for the UEs over time, instead of at the point of actual change in cell reconfiguration. UE configuration is sent over secure dedicated RRC signalling taking into consideration of the UE capabilities.
Step 2 ensures that configuration change for all UEs of concern are triggered at the same time instant so that the configuration change can be synchronised at the network and the UEs 

Observation#4: The 2-step approach (preconfiguring the set of configurations for the different NES state to the UEs using dedicated signalling and triggering a configuration change using common group signalling) allows the network to move between different network energy efficiency levels quickly and efficiently by simultaneously reconfiguring multiple UEs securely.

Proposal#2: RAN2 to include the 2-Step approach (preconfiguring the set of configurations for the different NES state to the UEs using dedicated signalling and triggering a configuration change using common group signalling) that allows the network to move between different network energy efficiency levels quickly and efficiently by simultaneously reconfiguring multiple UEs securely as one of the group configuration update mechanism in the TR.

In the last meeting, there is a question on how reliable the group indication will be.  Our understanding is that this can be further evaluated by RAN1 as RAN1 has also been discussing such group indication for the solution techniques and will provide their view whether such group indication is suitable for such reconfiguration. Note that such L1 group signalling is not new in L1 as we already have group common signalling in PDCCH (DCI_format 2_0) for slot format information.

In the email discussion, there is also a question on the UE behaviour upon reception of the group common signalling. Again, from the RAN2 perspective, the UE will just apply the configurations corresponding to the configuration/profile index indicated in the group common indication.


2.2.2	Details of Group signalling for PCell change/handover
When many UEs need to perform handover simultaneously due to turning off of a booster cell within a coverage cell, it means network needs to send handover commands to all of them simultaneously too. A handover command is the RRCReconfiguration message which may include many UE specific configurations according to a UE’s capability and the cell’s state of resource utilization. So typically, a handover command could be a large RRC message and therefore, it’s hard for network to sending many handover commands to many UEs at the same time.
To improve the efficiency of delivering handover commands, the handover command can also be sent to UE in two-step approach discussed above:
Step 1: the RRCReconfiguration with Sync message (handover command) is sent to UE in advance, but UE only stores it i.e. without executing the actual handover.
Step 2: a second indication is later sent to UE to trigger the actual handover, i.e. to execute the handover related to the previously stored configuration provided via the last RRCReconfiguration message including the handover command.
The intention of Step 1 is to provide the large number of handover commands in advance distributed over a wider time period and avoid signaling surge e.g. when a large number of UEs is handover from one or more booster cells to a coverage cell at the same time. The difference between legacy handover and 2-step handover is that UE only stores the handover command but not executes it immediately. When to execute the handover relies on when the UE receives the subsequent trigger indication.  
In Step 1, similar to CHO, the UE may be provided with multiple candidate cells for handover. One of these candidate cells are considered for handover from the booster cell to the coverage cell. In Step 2, to the network indicates the cell to handover to for UE in the booster cell.  Note that the Step 1 can basically reuse the CHO’s candidate cell concept. The group identification is also provided in this step.
As in the group signalling for reconfiguration, in Step 2, the gNB can indicate the cell index (instead of profile index in reconfiguration case) to a group of UEs associated with the same group identification. This indication can be done via some DL broadcast signalling (e.g.  L1 signalling masked by the group identification, paging etc.).

With the introduction of such group signalling for PCell change/handover, it allows the network with a more efficient way of sending the handover command and allows the booster cells to go to deep sleep faster or different NES state faster and hence improve network energy saving efficiency. The booster cell scenario is just one such usage of group handover. As mentioned by other companies, it can also be used by the network to move UE to cells of different NES state

[bookmark: _Hlk110847729]Observation#5: With the introduction of such group signalling for PCell change/handover, it allows the booster cells to go to deep sleep or change cell which is in different NES state faster and in a timely manner in addition to avoid the signalling surge.
Proposal#3: RAN2 to further study using of 2-step approach of group signalling for fast PCell change/handover for the case of turning off booster cells where the candidate (coverage) cell for a UE to handover to is provided in Step 1 while Step 2 provides the indication by the network when UE needs to perform such handover.
It is assumed that the UE behaviour upon receiving the group indication in Step 2 will follow the same UE behaviour after receiving the handover command. The security aspect will hence follow the normal handover procedure. Any failure case can be further studied in the WI phase. 
2.2 TP for the TR
With Proposal#1 and #2, it is proposed to include the following TP in Section 6.x of the TR38.364:
<<Omitted sections>>
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions (e.g., procedures or assistance information from UE side which is not specific to a particular technique/domain).
6.x.1 Group configuration update mechanism
To achieve maximum network energy saving, there is a need for the network to efficiently reconfigure  the signalling/data receptions and transmissions of UEs to reduce unnecessary signalling or to align the signalling/data receptions and transmissions of UEs, change the BWP of UEs to a common BWP (e.g. cell initial BWP) and/or release/deactivate the SCells, reconfigure the C-DRX so that C-DRX are aligned and many other configurations to either all the UEs in the cell or a targeted group of UEs simultaneously. Therefore, a group configuration update mechanism is useful.  In the study, such group configuration update mechanism is beneficial for the following network energy saving techniques:
· Group HO/CHO
· NW DTX/DRX
· BWP adaptation
Such a group configuration update mechanism allows the allow the network to bring its desired network energy efficiency in a timely and synchronised manner and without the signalling load of providing dedicated signalling to each connected UE.  
This can be done in a 2-step approach:
Step 1: UEs are pre-configured with multiple configurations, each identified by a configuration ID, over dedicated signalling.  
Step 2: Triggered the UEs to apply a particular configuration (identified by the configuration ID) using a broadcast or common L1/L2 signalling.  
Such 2-step approach allows secure synchronised configuration update in the UEs and network while avoiding signalling surge, where:

Step 1 spreads the configuration signalling for the UEs over time, instead of at the point of actual change in cell reconfiguration. UE configuration is sent over secure dedicated RRC signalling taking into consideration of the UE capabilities.
Step 2 ensures that configuration change for all UEs of concern are triggered at the same time instant so that the configuration change can be synchronised at the network and the UEs 

<<Omitted sections>>
Proposal#4: Include the above TP to the TR 38.340.
4	Conclusion
It is requested that RAN2 agree to the proposals and observations below:
Observation#1: Network energy saving can be achieved by bundling/reducing UL/DL signalling of the UEs, aligning the C-DRX of UEs, bundling UEs in the same BWP, reducing the number of SCells and other resources in time, frequency and spatial domains. 

Observation#2: Using existing dedicated signalling to perform reconfiguration for network energy saving, it will result in surge in signalling overhead and may not be completed in a timely manner.
  
Observation#3: To achieve effective network energy saving with low signalling overhead and in timely manner, some form of group configuration update mechanism is required to reconfigure the multiple resource configurations (e.g. UL/DL signalling resources, BWP switch, release/deactivate SCells, C-DRX configurations) to all the UEs in the cell or a targeted group of UEs simultaneously.

Proposal#1: RAN2 to further study in the WI phase how to enable a group configuration update mechanism to improve network energy saving to reconfigure the multiple resource configurations (e.g. UL/DL signalling resources for cell DTX/DRX, BWP switch, release/deactivate SCells, C-DRX configurations in Cell DTX) to all the UEs in the cell or a targeted group of UEs simultaneously.

Observation#4: The 2-step approach (preconfiguring the set of configurations for the different NES state to the UEs using dedicated signalling and triggering a configuration change using common group signalling) allows the network to move between different network energy efficiency levels quickly and efficiently by simultaneously reconfiguring multiple UEs securely.

Proposal#2: RAN2 to include the 2-Step approach (preconfiguring the set of configurations for the different NES state to the UEs using dedicated signalling and triggering a configuration change using common group signalling) that allows the network to move between different network energy efficiency levels quickly and efficiently by simultaneously reconfiguring multiple UEs securely as one of the group configuration update mechanism in the TR.

Observation#5: With the introduction of such group signalling for PCell change/handover, it allows the booster cells to go to deep sleep or change cell which is in different NES state faster and in a timely manner in addition to avoid the signalling surge.
Proposal#3: RAN2 to further study using of 2-step approach of group signalling for fast PCell change/handover for the case of turning off booster cells where the candidate (coverage) cell for a UE to handover to is provided in Step 1 while Step 2 provides the indication by the network when UE needs to perform such handover.
Proposal#4: Include the TP below to the TR 38.340:
<<Omitted sections>>
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions (e.g., procedures or assistance information from UE side which is not specific to a particular technique/domain).
6.x.1 Group configuration update mechanism
To achieve maximum network energy saving, there is a need for the network to efficiently reconfigure  the signalling/data receptions and transmissions of UEs to reduce unnecessary signalling or to align the signalling/data receptions and transmissions of UEs, change the BWP of UEs to a common BWP (e.g. cell initial BWP) and/or release/deactivate the SCells, reconfigure the C-DRX so that C-DRX are aligned and many other configurations to either all the UEs in the cell or a targeted group of UEs simultaneously. Therefore, a group configuration update mechanism is useful.  In the study, such group configuration update mechanism is beneficial for the following network energy saving techniques:
· Group HO/CHO
· NW DTX/DRX
· BWP adaptation
Such a group configuration update mechanism allows the allow the network to bring its desired network energy efficiency in a timely and synchronised manner and without the signalling load of providing dedicated signalling to each connected UE.  
This can be done in a 2-step approach:
Step 1: UEs are pre-configured with multiple configurations, each identified by a configuration ID, over dedicated signalling.  
Step 2: Triggered the UEs to apply a particular configuration (identified by the configuration ID) using a broadcast or common L1/L2 signalling.  
Such 2-step approach allows secure synchronised configuration update in the UEs and network while avoiding signalling surge, where:

Step 1 spreads the configuration signalling for the UEs over time, instead of at the point of actual change in cell reconfiguration. UE configuration is sent over secure dedicated RRC signalling taking into consideration of the UE capabilities.
Step 2 ensures that configuration change for all UEs of concern are triggered at the same time instant so that the configuration change can be synchronised at the network and the UEs 

<<Omitted sections>>
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