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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]This paper will discuss cell DTX/DRX, which is one objective of NES WI.
· Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.

Discussion
In RAN2#121, RAN2 has further discussed cell DTX/DRX and achieved the following agreements.
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

The majority of companies intend to avoid the impact on the legacy UEs and Rel-18 non-NES capable UEs, thus, RAN2 concludes to keep RACH, paging and SIBs as they were. This intention is clearly reflected for the UEs in the idle/inactive mode but seems missing for the UEs in the CONNECTED mode. To avoid misleading and keep companies on the same page, we expect RAN2 to confirm this missing part, i.e. no impact on RACH, SIBs and paging for both legacy UEs and Rel-18 non-NES capable UEs in the CONNECTED mode.
[bookmark: _Toc131761685]RAN2 confirms no impact on RACH, paging and SIBs for both legacy UEs and Rel-18 non-NES capable UEs in the CONNECTED mode. 
Further, no conclusion is achieved on the impact on paging for Rel-18 NES capable UEs in the CONNECTED mode. In the SI phase, some companies would like to enhance paging for NES but its RAN2 impact is excluded by the approved NES WID. To be consistent with the WID and avoid any misleading, we expect RAN2 also has a confirmation.
· Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].
[bookmark: _Toc131761686]RAN2 confirms no impact on paging for Rel-18 NES capable UEs in the CONNECTED mode. 
One left issue on the cell DTX/DRX is whether we can have DTX specific inactivity timer. It means that the cell DTX/DRX active time would be extended due to some event. The detail is not clear now, but in our view, the current mechanism to extend UE-specific C-DRX active time can be taken as a reference. For example, the UE/gNB starts or restarts a specific inactivity timer when conditions fulfil, and then considers the time duration between the starting and expiry of this inactivity timer as a kind of the cell DTX/DRX active time. From our perspective, such flexible cell DTX/DRX active/non-active duration may complex the UE/gNB implementation and introduce much normative work. Also, it would reduce the benefit of network energy saving due to the shortened non-active time of the network.
[bookmark: _Toc131761687]RAN2 focuses on a fixed cell DTX/DRX active/non-active duration. 
For cell DTX and cell DRX, the expected UE/gNB behaviours during the non-active duration would be different on UE-specific channel/signal transmission/reception. We will elaborate on the corresponding behaviours case by case.
1) Case 1: cell DTX is enabled, and cell DRX is disabled. 
We assume it is beneficial if the network does not transmit UE-specific DL channel/signal during cell DTX non-active duration to achieve more network energy-saving gains. Accordingly, the Rel-18 NES capable UEs need not monitor the UE-specific DL channel/signal during cell DTX non-active duration, including e.g. SPS, PDCCH, DG-PDSCH (if its grant is not received by the UE), CSI and etc.
One may argue such suspending actually degrades the UE’s performance, especially when the UE is serving delay-sensitive traffic. We understand that argument but consider the result is a trade-off between NW energy saving gains and the UE’s performance degradation. To avoid the impact on the UE’s experience as much as possible, the network should always consider the UE’s QoS requirement and try to find a proper cell DTX configuration. Further, if needed or possible, the gNB can hand over such UEs to other cells, allow DG-PDSCH transmission whose grant is sent during cell DTX on-duration, enable the UE to monitor specific channel/signal(s) or even de-configure cell DTX. 
[bookmark: _Toc131761688]In the case that cell DTX is enabled, RAN2 assumes that Rel-18 NES capable UEs need not monitor the UE-specific DL channel/signal during the cell DTX non-active duration, including e.g. SPS, PDCCH, DG-PDSCH (if its grant is not received by the UE), CSI and etc.
2) Case 2: cell DRX is enabled, and cell DTX is disabled. 
We assume it is beneficial if the network does not monitor UE-specific UL channel/signal during cell DRX non-active duration to achieve more network energy-saving gains. Accordingly, the Rel-18 NES capable UEs need not transmit the UE-specific UL channel/signal during cell DRX non-active duration, including e.g. CG, DG-PUSCH (if its grant is not received by the UE), SRS, PUCCH and etc.
Similarly, one may argue such suspending actually degrades the UE’s performance, especially when the UE is serving delay-sensitive traffic. We understand that argument but consider the result is a trade-off between NW energy saving gains and the UE’s performance degradation. To avoid the impact on the UE’s experience as much as possible, the network should always consider the UE’s QoS requirement and try to find a proper cell DRX configuration. Further, if needed or possible, the gNB can hand over such UEs to other cells, allow DG-PUSCH transmission whose grant can be received by the UE, enable the UE to transmit specific channel/signal(s) or even de-configure cell DRX. 
[bookmark: _Toc131761689]In the case that cell DRX is enabled, RAN2 assumes that Rel-18 NES capable UEs need not transmit the UE-specific UL channel/signal during the cell DRX non-active duration, including e.g. CG, DG-PUSCH (if its grant is not received by the UE), SRS, PUCCH and etc.
3) Case 3: both cell DRX and cell DTX are enabled. 
In this case, we understand the simplest way is only to allow the transmission of the common channel/signal. It means the UE is not expected to transmit e.g. CG/SPS, PDCCH, DG (if its grant is not received by the UE), SRS, CSI, PUCCH and etc.

In the SI phase, companies have confirmed the benefit of the alignment between UE C-DRX with the cell DTX as well as C-DRX among multiple UEs. On C-DRX alignment among multiple UEs (at least for part of parameters related to the UE-specific C-DRX configuration), we understand it can be implemented by the RRC configuration, thus extra spec change is not needed. On the alignment of cell DTX/DRX and UE C-DRX, we understand the gNB would try its best to achieve the alignment. Typically, the RRC would configure UE-specific C-DRX on-duration falling into the cell DTX on-duration. However, as UE-specific C-DRX active time would be extended when the condition is fulfilled, it would happen that the active duration of one discontinuous mechanism collides with the non-active duration of another discontinuous mechanism. We would like to analyse the collision case by case since the assumed UE behaviour for cell DTX/DRX non-active is different from the one for UE-specific C-DRX non-active.
[image: ]
Figure 1 cell DTX/DRX and UE-specific DRX
In our view, generally, the cell DTX non-active time will always be the inactive time for UE (in case UE C-DRX is configured) and UE C-DRX active time is only possible in the cell DTX active time. In detail,
· [bookmark: OLE_LINK4]For case ①, both cell DTX/DRX and UE-specific C-DRX are in active time, thus, the UE/network transmits as normal. 
· For case ②, cell DTX/DRX is in active time and UE-specific C-DRX is in non-active time, which equals no cell DTX/DRX configured. Thus, the UE/network works as legacy, i.e. the UE/network performs the behaviour for UE-specific C-DRX non-active time.
· For case ③, both cell DTX/DRX and UE-specific DRX are in non-active time. Assuming the expected behaviour for cell DTX/DRX non-active is different from the one for UE-specific C-DRX non-active, we prefer the UE to follow the way expected for cell DTX/DRX non-active, otherwise, the NES gain cannot be achieved as we designed. 
· For case ④, cell DTX/DRX is in non-active time and UE-specific C-DRX is in active time, which equals no UE C-DRX configured. Typically, the UE performs the behaviour for cell DTX/DRX non-active, otherwise, the NES gain cannot be achieved as we designed.
[bookmark: _Hlk118296191][bookmark: _Toc131761690]When both cell DTX/DRX and UE-specific C-DRX are configured, the cell DTX non-active time will always be the non-active time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
[bookmark: _Toc131761691]When both cell DTX/DRX and UE-specific C-DRX are configured, UE C-DRX active time is only possible in the cell DTX/DRX active time, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific C-DRX.

[bookmark: _Toc110331317]Conclusion
We have the following proposals:
Proposal 1	RAN2 confirms no impact on RACH, paging and SIBs for both legacy UEs and Rel-18 non-NES capable UEs in the CONNECTED mode.
Proposal 2	RAN2 confirms no impact on paging for Rel-18 NES capable UEs in the CONNECTED mode.
Proposal 3	RAN2 focuses on a fixed cell DTX/DRX active/non-active duration.
Proposal 4	In the case that cell DTX is enabled, RAN2 assumes that Rel-18 NES capable UEs need not monitor the UE-specific DL channel/signal during the cell DTX non-active duration, including e.g. SPS, PDCCH, DG-PDSCH (if its grant is not received by the UE), CSI and etc.
Proposal 5	In the case that cell DRX is enabled, RAN2 assumes that Rel-18 NES capable UEs need not transmit the UE-specific UL channel/signal during the cell DRX non-active duration, including e.g. CG, DG-PUSCH (if its grant is not received by the UE), SRS, PUCCH and etc.
Proposal 6	When both cell DTX/DRX and UE-specific C-DRX are configured, the cell DTX non-active time will always be the non-active time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
Proposal 7	When both cell DTX/DRX and UE-specific C-DRX are configured, UE C-DRX active time is only possible in the cell DTX/DRX active time, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific C-DRX.
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