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1. Introduction
The new Rel-18 WI of network energy saving NR was approved in RAN#98e [1], and the following objectives are included.
	2. 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.


In this contribution, the mechanism on cell DTX/DRX will be focused and discussed.
2. Considerations on signals/channels impacted by cell DTX and DRX
2.1 consideration on the signals/channels impacted by cell DTX
In the RAN112bis-e meetimg, the following agreement was reached on the UE not received signals/channel from gNB of cell DTX [2].
	Agreement
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· [bookmark: _Hlk134715368]Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period


And in last meeting, though no further agreements were reached on the issue, but at least the following proposals were given by FL[3], and some of them seems stable just with some details to be discussed.
	Proposal #4-2
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· (existing RAN1 agreement) Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· CSI-RS for serving cell configured by measObjectNR
· CSI-RS associated with RLM configuration
· CSI-RS associated with beam failure detection
· CSI-RS configured with TRS-info set to true
· PRS



As it has been agreed in RAN1, according to the definition of cell DTX, the periodic/semi-persistent signals should be avoid transmitted. Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting). 
The RLM is used for monitoring the DL channel state in case that the UE is out-of-synchronization. When the cell DTX is activated, which means there is no frequency communication between gNB and UE, the periodicity monitor for radio link is enough. BFD is similar to RLM, which is introduced in NR to monitor the beam failure. The difference on mechanism of the RLM and BFD is that RLM is triggered by RRC, while BFD is triggered by MAC CE. However, since the motivation of RLM and BFD is the same, both of them be measured and monitored periodically is enough.  
For the PRS, the Periodic and semi-persistent signals should not be transmitted, which can be actually configured in the RRC to transmit during the activate duration of cell DTX. And Rel-17 has introduced the on-demand PRS for enhancing the NR positioning, which can be initialed by UE or LMF, but finally activated by LMF. Though the PRS can be used for RRC_IDLE/INACTIVE UE, but it can still be transmitted during the active period. Usually, if the Cell-DTX/DRX can be activated, there should be no demanding of positioning with small delay. Thus, we think the on-demand PRS should also not be transmitted by gNB. 
For CSI-RS for serving cell configured by measObjectNR, i.e., CSI-RS for RRM, we prefer to not transmit it during the non-inactive period of cell DTX. When the cell DTX is activated, the mobility management of UE is not an urgent demand.
For the TRS, since it is still useful for RRC_IDLE/INACTIVE UEs for power saving, who may use the TRS before paging instead of the SSB. The TRS is essential for supporting such feature. So the TRS can be transmitted during the non-active period of cell-DTX.
Proposal 1:
Support gNB not to transmit the following signals/channels to UE during the non-active period of cell-DTX.
· [bookmark: _Hlk141365990]CSI-RS for serving cell configured by measObjectNR
· CSI-RS associated with RLM configuration
· CSI-RS associated with beam failure detection (BFD)
· PRS
2.2 consideration on the signals/channels of cell DRX
In the RAN1#113 meeting, FL suggest to further discuss the following signals/channels highlighted in yellow.
	· UL
· HARQ feedback for SPS PDSCH
· HARQ feedback for DG PDSCH
· CG PUSCH
· Covered by RAN2 agreement 7
· SR
· Covered by RAN2 agreement 8



For the HARQ feedback for SPS PDSCH, since the SPS PDSCH is not expected to be transmitted during the cell-DTX, there is also no needed to transmit the HARQ feedback in the non-active period, the transmission can be simply postponed to the active period of cell-DTX.
Besides, in last meeting, though no further agreements were reached on the issue, but we think there were at least some consensus. For the Periodic/Semi-persistent CSI report and SRS(except SRS for positioning), we think it is agreed by most companies that it should be transmitted to gNB. While for the SRS for positioning, we don’t think there will be latency requirement for UE to transmit the periodic/semi-persistent SRS, so it is unnecessary to transmit it either. 
Proposal 2: 
Support UE not to transmit the following signals/channels to UE during the non-active period of cell-DRX.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· SRS for positioning
· HARQ feedback for SPS PDSCH
3. [bookmark: _Hlk118386501]Considerations on the L1 signaling using PDCCH for cell DTX/DRX
The following agreements on the L1 signaling of cell DTX/DRX activation and deactivation were reached in the last meeting.
	Agreement@113
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability

Agreement@113
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (downselect just one among alternatives)
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· FFS: Monitoring within DRX active time
· FFS: Field content
· Alt 2) Based on new DCI format 2_X
· Field content format
· Block number 1, block number 2, …, block number N
· For each block should at least support the following:
· DTX configuration activation/deactivation
· DRX configuration activation/deactivation
· FFS: other field details, mapping of UE and each blocks
· DCI size indicated by higher layers
· FFS: RNTI
· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells
· FFS: details on PDCCH monitoring aspects, including but not limited to:
· Search Space
· PDCCH monitoring occasion
· slots to monitor (during cell DTX/DRX non-active periods, and active periods)
· BD/CE aspects
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)

Agreement@113
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· [bookmark: _Hlk141284541]FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used




It has agreed that group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback should be supported, and the new DCI format 2_X should be introduced. 
The DCI format 2_6 was introduced in Rel-16 for indicating the C-DRX of UE power saving. The following fields are defined in DCI format 2_6 (as shown in figure 1). Up to N block were defined, each of which is used to indicate the WUS and Scell dormancy indication of a UE, and the N is indicated by high layer parameters in RRC configuration. The Scell dormancy indication can be up to 5 bits, each bit is corresponding to one Scell, which is also configured in the RRC. 


Figure1 illustration of DCI format 2_6
While for the new DCI format for cell DTX/DRX, the situation can be different. The first field included in DCI format 2_X should be a 2 bits indication, 1 bit for the activating/deactivating of cell DTX and the other 1 bit for DRX. When the bit equal to 1, the corresponding cell DTX/DRX should be activated, otherwise, if the bit is detected to be 0, the cell DTX/DRX should be de-activated.
Proposal 3:
Support to add 2 bits field for the activation/deactivation of Cell DTX/DRX in the new DCI format 2_X. 
Another important issue caused by the cell DTX/DRX is the alignment with C-DRX. The UE and gNB can conduct many strategies for solving the problem, e.g., align the activate periodicity of C-DRX with cell DTX/DRX. No matter which strategy is adopted, when gNB configure the cell DTX/DRX and find it is difficult to find a common configuration that can align with all the UEs configured with C-DRX, it is necessary to inform UE the situation and make the alignment. Therefore, we suggest to add an one bit field for indicating the alignment with C-DRX. This indication is only need for the power saving UEs configured with C-DRX, and some of the power saving UEs may don’t need to align their C-DRX with cell-DTX/DRX. Thus the indication should be separate for each UE configured with C-DRX. 
Proposal 4:
Support to add 1 bit field for the alignment indication of C-DRX and Cell DTX/DRX for each UE configured with C-DRX in the new DCI format 2_X.
Besides, as it is mentioned in the FFS of the agreement, PDCCH monitoring configuration for the new DCI format should be identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats, which will reduce the blind detection complexity of UE. However, since the cell DRX/DTX is a totally different feature with C-DRX, the new RNTI should be used for the new DCI format 2_X.
Proposal 5:
Support to introduce new RNTI for the new DCI format 2_X, e.g., nes-RNTI.
And to reduce the complexity, if both format are required to be monitored, one possible solution is to also include the fields in DCI format 2_6 in the new DCI format 2_X optionally, i.e., the WUS and Scell dormancy indication, and whether to include these fields can be decided and configured by gNB according to the implement. And since the WUS only need to be monitored when the cell DTX/DRX is activated, the alignment indication only need to be monitored for the first time cell DTX/DRX is activated, it can be considered that the alignment indication can be reused for the WUS.
Proposal 6:
Support to include the fields in the DCI format 2_6 in the new DCI format 2_X, i.e., the WUS and Scell dormancy indication for each UE.
· The WUS can reuse the alignment indication.
· The details of the fields can be configured in the RRC.
The proposed DCI format 2_x is illustrated in figure 2.


Figure 2 illustration of the new DCI format 2_X
4. Considerations on the impact on legacy operations of cell  DTX/DRX
In the last few meetings, the following consensus was reached to be further studied in RAN1 on the cell DTX/DRX.
	Further study the following in RAN1:
· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.



In this section, we will discuss the impact of cell DTX/DRX on the legacy operations based on the above consensus. 
4.1 Considerations on principle for handling the legal procedure with cell DTX/DRX
The main issue when jointly considering legal operations and cell DTX/DRX is that whether the non-active period of cell DTX/DRX will impact the legal operations that have been scheduled/defined before the activation of cell DRX/DRX, which may lead to the missing of signals/channels and harm the network performance.
In such condition, since the cell DTX/DRX happens after the other operations, the most important issue is to carefully configure and activate the cell DTX/DRX to avoid the conflict. If can’t avoided,on the one hand, we should give the UE right to determine how to handle the problem following the current specification as much as possible that will not impact the reliability of network. On the other hand, we should not change the configuration of cell DTX/DRX since it is a cell specific mechanism, otherwise it may influence the whole cell. The activate period (on duration) of cell DTX/DRX is just the same as the cell without dormancy, UE can defer the legal operations to be done till the activate period, or just ignore the legal operation if it is just for enhancing the network performance but not ensuring the performance. 
Observation 1:
When jointly handling the cell DTX/DRX with legal procedure, the principles should be followed:
· The gNB should take all the procedures into consideration when configure the cell DTX/DRX.
· The cell DTX/DRX procedure shouldn’t be changed.
· Modification on the current specification should be as less as possible.
4.2 Handling of HARQ-ACK codebook generation
Since the SPS-PDSCH can be transmitted only in the on-duration cell DTX, some allocated PDSCH could be dropped at the UE. In such condition, from our point of view, it is better not to change the current specification on the codebook generation. The UE can simply generate the HARQ-ACK codebook with the NACK corresponding to the unreceived SPS PDSCHs. Besides, we don’t think this situation will actually happen since the gNB can avoid the allocation of SPS PDSCH on such slots according to the cell DTX configuration.
Observation 2: 
The overlap of SPS PDSCH and inactivate period of cell DTX can be avoided by gNB configuration, even if not avoided, the UE can simply generate the NACK in the codebook according to the current specification.
Proposal 8: 
The HARQ-ACK codebook generation procedure should be the same as current specifications.
4.3 PUCCH deferral operation
The UE procedure for deferring HARQ-ACK for SPS PDSCH has been defined in TS 38.213 if there is overlapping between PUCCH and PDSCH in a UL slot. For the PUCCH that are not allowed to be transmitted in the in-activate period of cell DRX, e.g., PUCCH for periodic/semi-persistent CSI report/SRS, HARQ feedback for SPS PDSCH, etc., if the overlapping happens, such PUCCH should be deferred to transmit until the on-duration of cell DRX. Therefore, for the PUCCH deferral operation, when determining the second earliest slots, the in-active period of cell DRX should be taken into consideration.
Proposal 9: 
When the cell DRX is adopted, the valid UL symbols/slots for PUCCH deferral should be in the active period of cell DRX.
4.4 Overlapping with other signals/channels
For the signals/channels that can be transmitted/received repeatedly during non-active periods of cell DTX/DRX, such signals/channels should be ignored since the transmission/reception is useless during the non-active period for cell DTX/DRX. However, for ensuring the performance, when scheduling such signals/channels, the cell DTX/DRX should be considered. 
[bookmark: _Hlk126164765]Proposal 10:  
[bookmark: OLE_LINK6]The signals/channels that transmitted/received repeatedly during non-active periods of cell DTX/DRX should be ignored.
4.5 PUCCH cell switching
PUCCH cell switching is introduce in Rel-17 for the UE with a PUCCH-sSCell by pucch-sSCell and PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. Jointly considering the PUCCH cell switching and cell DRX, there can be three conditions: 
a) only PCell is configured with cell DRX 
b) only SCell is configured with cell DRX. 
c) Both PCell and SCell are configured with cell DRX
For the first condition, the UE can switch to the SCell for PUCCH transmission according to the current specification. For the second condition, since the SCell may be in the non-active period of the cell DRX when the PUCCH cell switching happens. The PUCCH cell switching can be indicated by both the RRC and PDSCH scheduling DCI. On the one hand, the gNB should avoid switching PUCCH to the Scell in the cell DRX non-active period; on the other hand, if such condition happens, since UE has the context of both cell, UE can decide to transmit the PUCCH on the SCell only if the Scell is in on-duration or still on PCell. For the last condition, the condition can be really complicated. If such scheduling happens, from our prospective, UE can transmit the PUCCH on the cell in active period, while the priority of PCell is higher than Scell.
Observation 3:
For the UE with capability of PUCCH cell switching, the UE can be different according to the condition when cell DRX is adopted.
· The PUCCH cell switching can be conducted as current specs if only PCell is configured with cell DRX;
· The UE should decide whether to switch to SCell for PUCCH transmission according to the active state of SCell if only SCell is configured with cell DRX.
· The UE should transmit the PUCCH on the cell in active period if both PCell and SCell are configured with cell DRX.
4.6 C-DRX of UE
The cell DTX/DRX can be conflicted with the C-DRX. In fact, the conflicted can be actually avoid by implement when configure the corresponding parameters in RRC. However, since the C-DRX is different for each UE, and cell DTX/DRX is the same for all the UEs, sometimes it may be difficult to find a common configuration can guarantee the on duration of all the C-DRX and cell DTX/DRX is the same, or the on duration can be so long that the energy saving gain by adopting cell DTX/DRX will be small. If such condition happens, the C-DRX must be configured before the cell DTX/DRX. There, the best method is to adjust the C-DRX periodicity according to the configuration of cell DTX/DRX, making the on-duration the same. The simplest is to give UE an alignment indication, so that UE can make the adjustment itself, as we have mentioned in section 3. 
Observation 4:
For solving the conflict between UE C-DRX and cell DTX/DRX,
· The gNB should try to avoid the conflict when configure the RRC parameters as much as possible at first. If such alignment can’t be achieved, then the alignment indication can be sent to UE to adjust the periodicity of C-DRX align with the cell DTX/DRX.
5. Conclusion
In this paper, China Telecom’s views on the issues for network energy saving techniques are given.
Proposal 1: 
Support gNB not to transmit the following signals/channels to UE during the non-active period of cell-DTX.
· CSI-RS for serving cell configured by measObjectNR
· CSI-RS associated with RLM configuration
· CSI-RS associated with beam failure detection (BFD)
· PRS
Proposal 2:    
Support UE not to transmit the following signals/channels to UE during the non-active period of cell-DRX.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· SRS for positioning
· HARQ feedback for SPS PDSCH
Proposal 3: 
Support to add 2 bits field for the activation/deactivation of Cell DTX/DRX in the new DCI format 2_X. 
Proposal 4: 
Support to add 1 bit field for the alignment indication of C-DRX and Cell DTX/DRX for each UE configured with C-DRX in the new DCI format 2_X.
Proposal 5:
Support to introduce new RNTI for the new DCI format 2_X, e.g., nes-RNTI.
Proposal 6:
Support to include the fields in the DCI format 2_6 in the new DCI format 2_X, i.e., the WUS and Scell dormancy indication for each UE.
· The WUS can reuse the alignment indication.
· The details of the fields can be configured in the RRC.
Observation 1:
When jointly handling the cell DTX/DRX with legal procedure, the principles should be followed:
· The gNB should take all the procedures into consideration when configure the cell DTX/DRX.
· The cell DTX/DRX procedure shouldn’t be changed.
· Modification on the current specification should be as less as possible.
Observation 2: 
The overlap of SPS PDSCH and inactivate period of cell DTX can be avoided by gNB configuration, even if not avoided, the UE can simply generate the NACK in the codebook according to the current specification.
Proposal 7: 
The HARQ-ACK codebook generation procedure should be the same as current specifications.
Proposal 8: 
When the cell DRX is adopted, the valid UL symbols/slots for PUCCH deferral should be in the active period of cell DRX.
Proposal 9:  
The signals/channels that transmitted/received repeatedly during non-active periods of cell DTX/DRX should be ignored.
Observation 3:
For the UE with capability of PUCCH cell switching, the UE can be different according to the condition when cell DRX is adopted.
1. The PUCCH cell switching can be conducted as current specs if only PCell is configured with cell DRX;
2. The UE should decide whether to switch to SCell for PUCCH transmission according to the active state of SCell if only SCell is configured with cell DRX.
3. The UE should transmit the PUCCH on the cell in active period if both PCell and SCell are configured with cell DRX.
Observation 4:
For solving the conflict between UE C-DRX and cell DTX/DRX,
· The gNB should try to avoid the conflict when configure the RRC parameters as much as possible at first. If such alignment can’t be achieved, then the alignment indication can be sent to UE to adjust the periodicity of C-DRX align with the cell DTX/DRX.
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