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[bookmark: _Ref528762725][bookmark: OLE_LINK1][bookmark: OLE_LINK2]1 Introduction
Per RAN2’s assumption, UEs may be removed from the NES cell via conditional handover for NES or legacy handover. For the former case, RAN2 has specified the NES-specific CHO event and the CHO trigger based on DCI for NES[1].
When a cell is using cell DTX/DRX for NES, it may be necessary to remove some unsuitable UEs for cell DTX/DRX from the cell. However, if the gNB is in split architecture, the gNB-DU takes the role of performing cell DTX/DRX in split gNB architecture, whereas, it is the gNB-CU to control removing or accessing the UEs.
To support cell DTX/DRX in split gNB, it’s necessary that the gNB-CU and the gNB-DU are aligned on the knowledge of cell DTX/DRX activation. RAN3 has not discussed the issue. This contribution provides analysis and proposals on this issue.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]2 Discussion
According to RAN2 spec, a NES cell may allow the non-Cell DTX/DRX capable UEs to camp on by setting the cellBarred in MIB to “notBarred”. That means there may be non-Cell DTX/DRX capable UEs which are connecting with the NES cell. In addition, some UEs with high priority traffic would connect with the NES cell. When gNB determines to use cell DTX/DRX, those UEs may not be suitable for the NES cell to serve any more and the gNB needs to remove those UEs from the NES cell.
[bookmark: OLE_LINK7]However, the cell DTX/DRX is performed by gNB-DU in split architecture, while it is the gNB-CU to remove the unsuitable UEs. So, synchronization between gNB-DU and gNB-CU is needed.
In our view, the procedure of cell DTX/DRX activation or deactivation is probably like this:
Step 1: The gNB determines to use or stop using cell DTX/DRX for a NES cell
The gNB can determine applying cell DTX/DRX if entering NES status for a specific cell is required. Or the gNB can decide stop to apply cell DTX/DRX for leaving NES status.
Step 2: If using cell DTXDRX, the gNB-CU carries out necessary performance to UE
If using cell DTX/DRX for energy saving, the gNB-CU needs to remove the UEs from the NES cell which are not suitable to be served by the cell and it should not adopt the access of unsuitable UEs. The gNB-CU can carry out handover to the unsuitable UEs. Or, the gNB-CU may configure NES specific CHO to UEs. It can also release the NES cell for the UEs who are using the NES cell as PSCell/SCell.
Step 3: The gNB-DU activates or deactivates cell DTX/DRX
The gNB-DU starts or stops performing cell DTX/DRX. For entering or leaving cell DTX/DRX, the gNB-DU needs to activate or deactivate cell DTX/DRX accordingly. Two approaches of activation/deactivation signalling are introduced to Rel-18 by RAN2, i.e., signalling based on RRC configuration or based on L1 signal (DCI (2_9)).
Issue 1: How gNB determines whether to use cell DTXDRX
Consider the case of cell switching off for energy saving, if a cell does not serve any UE, the gNB can turn the cell off. Since the gNB-CU taking the role of configuring the cell to UE, it is the gNB-CU to decide switching a cell off. Different to the case of cell switch-off, gNB should decide whether to use cell DTXDRX based on the resource usage. If the resource usage is low, e.g., lower than a threshold, the gNB can determine to use cell DTX/DRX.
Both gNB-CU and gNB-DU have the UE capability information, but different to the gNB-CU, the gNB-DU knows the cell capacity, and it takes charge of DL/UL scheduling for each cell based on the QoS of traffic flow. The gNB-DU can control and therefore be aware of the resource usage status of each cell. Hence, the gNB-DU has sufficient knowledge on determining whether the condition is fulfilled for using cell DTX/DRX. But the gNB-CU does not have the adequate information to derive the resource usage. For gNB-CU to determine whether to use cell DTX/DRX, the gNB-DU should report the resource usage status to the gNB-CU, which consumes a lot of signaling. 
Furthermore, the cell DTX/DRX configuration and activation/deactivation is performed by gNB-DU. As specified by RAN2, gNB is allowed to configure cell DTX to UEs with C-DRX configuration. To achieve a best efficiency of network energy saving, the gNB should ensures at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX active time, and the alignment is up to implementation. 
Clause 15.4.2.3 of TS 38.300 v18.0.0[1]:
	Once the gNB recognizes there is an emergency call or public safety related service (e.g. MPS or MCS), the network should ensure that there is no impact to that service (e.g. it may release or deactivate cell DTX/DRX configuration). The network should also ensure that there is at least partial overlapping between UE's connected mode DRX on-duration and cell DTX/DRX active duration, i.e. the UE's connected mode DRX periodicity is a multiple of cell DTX/DRX periodicity or vice versa.


According to current spec, UE C-DRX is configured by gNB-DU. It is gNB-DU to configure/activate the cell DTX/DRX and further decide how to align the cell DTX with the UE C-DRX. The gNB-CU cannot implement the configuration of cell DTX/DRX, the configuration of UE C-DRX, nor the alignment between cell DTX and UE C-DRX. If the gNB-CU decides whether to use cell DTX/DRX, the feasibility of its determination should be confirmed by DU, that will lead to a redundant step.
Observation 1: gNB-DU has the sufficient information to decide using cell DTXDRX or not. If gNB-CU decides using cell DTXDRX, gN-DU reporting the resource usage status to CU is required, and gNB-CU should confirm the decision with gNB-DU.
gNB-DU deciding applying cell DTX/DRX for network energy saving is preferred.
Proposal 1: The gNB-DU decides whether to use cell DTXDRX for network energy saving.
Issue 2: Interaction between gNB-CU and gNB-DU on cell DTX/DRX
In step 2, if the gNB-DU decides to apply cell DTX/DRX to a specific cell, the gNB-CU should be aware of that information, otherwise, it cannot carry out necessary handovers or conditional handovers to the unsuitable UEs. The gNB-CU needs to initiate handover to remove the unsuitable UEs from the NES cell if the NES cell serves as PCell for those UEs. The gNB-CU can configure NES specific CHO to those UEs supporting NES CHO, or the gNB-CU can carry out the legacy handover procedure for the UE not supporting NES CHO. If the NES cell serves as PSCell/SCell of the unsuitable UE, the CU can release the configuration of the NES cell to the unsuitable UEs.
The gNB-CU also need to get the cell DTX/DRX type (i.e., only DTX, only DRX or both DTX and DRX) required since the determining unsuitable UEs would depend on the cell DTX/DRX type. For example, if only cell DTX is required, the gNB-CU would figure out the unsuitable UEs to be the UEs not capable of cell DTX.
If the gNB-DU decides to stop using cell DTXDRX, it’s also beneficial for the gNB-CU to know that information. The gNB-CU can allow the access of the UEs which are not suitable for cell DTXDRX if cell DTX/DRX is deactivated.
[bookmark: OLE_LINK6]Observation 2: gNB-CU needs to be aware of the information on whether cell DTXDRX activation or deactivation is required and type of cell DTXDRX when activation is required.
In case the gNB-DU decides to use cell DTX/DRX for network energy saving, it can indicate the requirement of cell DTX/DRX activation (with the type of cell DTX/DRX) to the gNB-CU, so that the gNB-CU can remove the unsuitable UEs. 
In case the gNB-DU decides to stop using cell DTX/DRX, it can indicate the requirement of cell DTX/DRX deactivation to the gNB-CU, that the gNB-CU can be aware of the deactivation.
The gNB-DU can send the requirement of cell DTX/DRX activation/deactivation as well as type of cell DTX/DRX via a GNB-DU CONFIGURATION UPDATE message. And the gNB-CU confirms the reception of that information via a GNB-DU CONFIGURATION UPDATE ACKNOWLEGDE message
Proposal 2: The gNB-DU can send the requirement of cell DTXDRX status including type of cell DTXDRX to the gNB-CU.
Issue 3: How to activate or deactivate cell DTX/DRX
In step 3, after the gNB-DU sends the requirement of cell DTX/DRX activation or deactivation to the gNB-CU, it can activate or deactivate the cell DTX/DRX accordingly.
In case of activation, when the gNB-DU activate and perform cell DTX/DRX can up to implementation, for example, at the time it assumes the gNB-CU has completed the performance to the unsuitable UEs. It is possible the gNB-DU activates cell DTX/DRX before unsuitable UEs are removed, which means step 3 may be carried out in parallel with step 2.
The gNB-DU can activate cell DTX/DRX to the remaining UEs which are capable of cell DTX/DRX. RAN2 defined two UE capabilities for different cell DTX/DRX types, i.e., cell DTX, cell DRX as well as both cell DTX and cell DRX [2]. One capability is for the cell DTX/DRX configuration and RRC activation/deactivation, the other is for L1 based activation/deactivation:
	nes-CellDTX-DRX-r18
Indicates whether the UE supports cell DTX and/or DRX operation by RRC configuration. The supported number of cell DTX/DRX patterns per cell group is 2, regardless of each pattern is for cell DTX only, cell DRX only, or both. A UE setting this field to the value ‘cellDTXonly’ or ‘both’ shall also indicate support of longDRX-Cycle.

	nes-CellDTX-DRX-DCI2-9-r18
Indicates whether the UE supports cell DTX/DRX configuration activation and deactivation via DCI 2_9. 
A UE supporting this feature shall also indicate support of nes-CellDTX-DRX-r18.


The gNB-DU can activate cell DTX/DRX to the UEs with either of the two cell DTX/DRX capabilities. After that, the gNB-DU can perform cell DTX/DRX (Tx and Rx of the cell are constrained within the on-duration time to save the energy of gNB).
[bookmark: OLE_LINK5]Observation 3: After the gNB-DU sends the requirement of cell DTXDRX status to gNB-CU, it can activate or deactivate the cell DTX/DRX accordingly. The gNB-DU can activate cell DTX/DRX to the remaining UEs who are capable of cell DTXDRX.
The example procedures on cell DTX/DRX activation and deactivation:


 
a) Cell DTX/DRX activation                                                            b)   Cell DTX/DRX deactivation
3 Conclusion
In the previous sections we made the following observations and proposals:
Observation 1: gNB-DU has the sufficient information to decide using cell DTXDRX or not. If gNB-CU decides using cell DTXDRX, gN-DU reporting the resource usage status to CU is required, and gNB-CU should confirm the decision with gNB-DU.
[bookmark: _Hlk162443202]Proposal 1: The gNB-DU decides whether to use cell DTXDRX for network energy saving.
Observation 2: gNB-CU needs to be aware of the information on whether cell DTXDRX activation or deactivation is required and type of cell DTXDRX when activation is required.
Proposal 2: The gNB-DU can send the requirement of cell DTXDRX status including type of cell DTXDRX to the gNB-CU.
Observation 3: After the gNB-DU sends the requirement of cell DTXDRX status to gNB-CU, it can activate or deactivate the cell DTX/DRX accordingly. The gNB-DU can activate cell DTX/DRX to the remaining UEs who are capable of cell DTXDRX.
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