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1. [bookmark: _Ref27419]Introduction
In last meeting, the agreements on cell DTX/DRX were reached as below [1]: 
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded


Therefore, in this contribution, impacts on physical layer signals/channels and procedures and other aspects including dynamic signaling design and the alignment of cell DTX/DRX and UE CDRX are discussed.
2. Discussion 
2.1. Impacts on physical layer signals/channels and procedures
In RAN2#121 meeting, the following agreements were reached [2]. According to the agreements in RAN2, there will be no impact to RACH, paging and SIBs for Rel-18 and legacy UEs due to cell DTX/DRX. 
	Agreements in RAN2#121:
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. 


It is agreed in RAN1 that the exact set of signals/channels that the UE may be expected to not transmit or receive is FFS. In our opinion, cell DTX/DRX is configured to reduce UE and gNB’s power consumption, so that at least periodic signal transmission and procedures including periodic CSI-RS, CSI report and SRS, should be reduced.
[bookmark: _Toc29444]In order to save gNBs’ and UEs’ power consumption, at least periodic signals transmission and procedures including periodic CSI-RS, CSI report and SRS should be reduced during cell DTX/DRX non-active periods.
However, it may limit the UE and gNB’s opportunities for link management if the CSI report/SRS transmission is suspended during cell DTX/DRX non-active period. Therefore, the impacts on UE behaviors including CSI-RS reception, CSI report and SRS transmission are analyzed as followings.
a. CSI-RS reception and CSI report
In our opinion, UE performs CSI measurement to obtain PMI, CQI and RI values, then gNB can schedule data with suitable resource assignment based on the CSI quantities reported by UE. Therefore, if CSI-RS reception and CSI report are suspended completely during cell DTX/DRX non-active period, both the reliability and efficiency of data transmission may be degraded, especially for the case that the UE expects to perform CSI measurement during the UE CDRX active time that is overlapped with cell DTX/DRX non-active period. Therefore, the impact on CSI-RS reception and CSI report during cell DTX/DRX non-active periods should be minimized.
In current specification [3], when UE is configured with CDRX and DCI format 2-6 monitoring occasions, the UE can perform measurements during the timer duration indicated by drx-onDurationTimer in DRX-Config also outside active time as shown in Figure 1. Therefore, the same mechanism can be considered, e.g. the UE can at least perform CSI-RS reception and CSI report during cell DTX/DRX non-active periods overlapped with UE CDRX active time or according to RRC configuration. 
[image: ]
Figure 1 Mechanism on CSI report during CDRX on duration outside active time in TS 38.214
[bookmark: _Toc10720][bookmark: _Toc15755]During cell DTX/DRX non-active periods that is overlapped with UE CDRX active time, UE can perform CSI-RS reception and CSI report to minimize the impact on link management similar to the mechanism during the timer duration indicated by drx-onDurationTimer in DRX-Config also outside active time.
b. SRS transmission
In general, UE sends SRS to assist gNB to obtain more accurate CSI for data transmission and beamforming information. If UE is suspended to transmit SRS during cell DRX non-active periods, the reliability of data transmission may be degraded. Therefore, in order to minimize the impact on data transmission and beamforming, UE can perform SRS transmission during cell DTX/DRX non-active periods according to RRC configuration.
According to the above analysis, in order to minimize the impact on link management and beam management, whether to or not to perform CSI-RS reception, CSI report and SRS transmission during cell DTX/DRX non-active periods should be configurable by signaling.
[bookmark: _Toc19709][bookmark: _Toc8815]L1 behaviors of CSI-RS and SRS transmission during cell DTX/DRX non-active periods should be configurable by signaling to minimize the impact on link management and beam management.
In addition, in addition to SSB detection for coarse frequency/time error estimation, UE can detect TRS for fine frequency/time error estimation and tracking. In order to minimize the impact on link performance, whether to or not to transmit TRS during cell DTX/DRX non-active periods should be discussed.
According to the summary of cell DTX/DRX in RAN2#121-bis-e meeting [4], the behaviors including SPS-PDSCH reception, CG transmission, SR transmission, dynamic grants and assignments and PDCCH monitoring during cell DTX/DRX non-active periods are being discussed in RAN2. Therefore, the following physical signals/channels related to data transmission are proposed to be discussed by RAN2 to avoid duplicated discussion.
· Dynamic data transmission/reception
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· SR
· CG-PUSCH
[bookmark: _Toc8410][bookmark: _Toc127551681]The following physical signals/channels are proposed to be discussed by RAN2:
· [bookmark: _Toc127551682][bookmark: _Toc161]Dynamic data transmission/reception
· [bookmark: _Toc18466][bookmark: _Toc127551683]PDCCH scrambled with UE specific RNTI
· [bookmark: _Toc5392]PDCCH in Type-3 CSS
· [bookmark: _Toc31780][bookmark: _Toc127551684]SPS-PDSCH
· [bookmark: _Toc29883]SR
· [bookmark: _Toc31536]CG-PUSCH
2.2. Dynamic signaling design 
When cell DTX/DRX is configured, network can transmit/receive data only during cell DTX/DRX active time, and does not need to transmit/receive during cell DTX/DRX non-active time. Therefore, a longer period of cell DTX/DRX non-active time can achieve more network energy savings.
[bookmark: OLE_LINK2]According to agreements in RAN2#120 meeting [5], periodic cell DTX/DRX pattern is configured by UE-specific RRC and the parameters configured per cell DTX/DRX configuration include at least periodicity, start slot/offset and on duration. In 5G system, more advanced and diverse services and applications are handled. A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic. Therefore, it is proposed that L1 signaling is considered for dynamic indication of cell DTX/DRX pattern to adapt to flexible services.
	[bookmark: _Toc127551668]Agreements in RAN2#120
1 	Clarify previous agreement to: periodic cell DTX/DRX pattern is configured by UE-specific RRC.   Periodic cell DTX/DRX can be activated/deactivated by L1/L2 signaling and UE-specific RRC signaling.
2 	Capture in TR 38.864 that both UE specific and common L1/L2 signaling can be considered for at least activating/deactivating the cell DTX/DRX pattern, per the agreement in 119b-e.
7 At least the following parameters can be configured per cell DTX/DRX configuration: periodicity, start slot/offset, on duration   Details related to UE behaviour can be discussed during WI phase.


[bookmark: _Toc22439][bookmark: _Toc19452]A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic.
[bookmark: _Toc27161][bookmark: _Toc127551676]L1 signaling is considered for dynamic indication of cell DTX/DRX to adapt to flexible traffic. 
According to agreements in RAN2#121, separate DTX and DRX configuration and single cell DTX/DRX configuration are supported. Therefore, at least activating/deactivating a single cell DTX/DRX pattern should be considered as indication information of L1 signaling.
	Agreements in RAN2#121
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. 


[bookmark: _Toc23989]At least activating/deactivating a single cell DTX/DRX pattern should be considered as indication information of L1 signaling. 
[bookmark: OLE_LINK3]In order to ensure that the cell DTX/DRX pattern can be flexibly adapted to various traffic, the flexible indication of cell DTX/DRX pattern by L1 signaling needs to be considered as shown in Figure 2 (a). Therefore, the network can switch to a cell DTX/DRX pattern that is suitable for the subsequent data arrival to provide a longer sleep period for network or reduce scheduling latency. 
[bookmark: _Toc127551669][bookmark: _Toc2073][bookmark: _Toc23320]In order to ensure that the cell DTX/DRX pattern can be flexibly adapted to various traffic models, the flexible indication of cell DTX/DRX pattern by L1 signaling needs to be considered.
For example, if the data is arrived during cell DTX off as shown in Figure 2 (a), the data may not be scheduled timely during cell DTX off so that the data scheduling will be delayed during the next cell DTX on. To minimize the impact of scheduling delay for data arrival, an additional cell DTX on enabled by L1 signaling can be considered as shown in Figure 2 (b). Therefore, the UPT can be ensured because the cell DTX on can be enabled dynamically to adapt to various data arrival. For traffic model with sparse data arrival, dynamic disabling cell DTX/DRX on duration can be also considered.
According to the above analysis, activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX patterns, e.g. switching cell DTX/DRX pattern, and dynamic enabling/disabling cell DTX/DRX on duration, should be considered as the indication information of L1 signaling.
[image: IMG_256]
(a) switching cell DTX pattern among multiple cell DTX/DRX patterns by L1 signaling
[image: IMG_256]
(b) enabling cell DTX on duration during cell DTX cycle by L1 signaling
Figure 1 Activating/deactivating cell DTX/DRX pattern by L1 signaling
[bookmark: _Toc127551677][bookmark: _Toc11336]Activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX patterns, e.g. switching cell DTX/DRX pattern, and dynamic enabling/disabling cell DTX/DRX on duration, should be considered as the indication information of L1 signaling.
[bookmark: OLE_LINK4]It also needs to be discussed whether the L1 signaling can indicate cell DTX/DRX indication information for a UE or a group of UE. It’s worth noting that the overhead is large if the UE-specific L1 signaling is used to indicate cell DTX/DRX indication information because gNB needs to send a specific L1 signaling to each UE for a cell-level DTX/DRX indication in a cell. Therefore, considering signaling overhead, group-common signaling is proposed for the design of L1 signaling for cell DTX/DRX indication information.
[bookmark: _Toc127551678][bookmark: _Toc17670]Considering signaling overhead, group-common signaling is proposed for the design of L1 signaling for cell DTX/DRX indication information.
[bookmark: OLE_LINK5]According to the agreement in RAN2#120 meeting, the cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA. Therefore, the cell DTX/DRX indication information for multiple cells in CA scenario is proposed to be indicated by L1 signaling. 
[bookmark: _Toc11096][bookmark: _Toc127551679]In CA scenario, cell DTX/DRX indication information for multiple cells should be supported by L1 signaling.
	Agreements in RAN2#120
5	Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA.  No additional RAN2 impacts or enhancements are foreseen.



2.3. Alignment of cell DTX/DRX and UE CDRX
When the cell DTX is performed by the UE and BS, the UE behavior defined in UE C-DRX mechanism can be reused including PDCCH monitoring, PDSCH reception for initial transmission and retransmission, and CSI report. For time-intensive traffic model, a lower scheduling delay is required. As shown in Figure 2, for case 1, if the UE CDRX on duration does not fall into cell DTX on duration, the data has to be scheduled in the next cell DTX on duration so that the latency is increased and UPT is degraded. For case 2, if the cell DTX on duration is extended to cover the data transmission for UE3, the scheduling latency is lower while it is not beneficial for NW energy saving because of the reduced cell DTX off duration. For case 3, when all of the UE CDRX on durations are in the cell DTX on duration in a cell, the data transmission/reception can be centralized during cell DTX on duration. Then BS will have a longer sleep period during cell DTX off period and the UE shall also reduce the power consumption in PDCCH-only state. Therefore, the alignment of cell DTX on duration and UE CDRX on duration can ensure data scheduling with lower latency and provide a longer cell DTX off duration.
[image: IMG_256]
Figure 2 Data transmission procedure for the cases of cell DTX and UE CDRX configuration
[bookmark: _Toc16422][bookmark: _Toc127551670][bookmark: _Toc3377]The alignment of cell DTX on duration and UE CDRX on duration can ensure data scheduling with lower latency and provide a longer cell DTX off duration.
According to the above analysis in Section 2.1, the activating/deactivating cell DTX/DRX pattern can be indicated by L1 signaling. Therefore, in order to achieve the alignment of the cell DTX/DRX and UE CDRX, the UE CDRX start offset is proposed to be indicated by L1 signaling to adapt to the dynamic indication of cell DTX/DRX pattern.
[bookmark: _Toc127551680][bookmark: _Toc27889]At least the UE CDRX start offset is proposed to be indicated by L1 signaling to adapt to the dynamic indication of cell DTX/DRX pattern.

3. Conclusion
In this contribution, we discuss the cell DTX/DRX and have the following observations and proposals.
Observation 1: During cell DTX/DRX non-active periods that is overlapped with UE CDRX active time, UE can perform CSI-RS reception and CSI report to minimize the impact on link management similar to the mechanism during the timer duration indicated by drx-onDurationTimer in DRX-Config also outside active time.
Observation 2: L1 behaviors of CSI-RS and SRS transmission during cell DTX/DRX non-active periods should be configurable by signaling to minimize the impact on link management and beam management.
Observation 3: A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic.
Observation 4: In order to ensure that the cell DTX/DRX pattern can be flexibly adapted to various traffic models, the flexible indication of cell DTX/DRX pattern by L1 signaling needs to be considered.
Observation 5: The alignment of cell DTX on duration and UE CDRX on duration can ensure data scheduling with lower latency and provide a longer cell DTX off duration.

Proposal 1: In order to save gNBs’ and UEs’ power consumption, at least periodic signals transmission and procedures including periodic CSI-RS, CSI report and SRS should be reduced during cell DTX/DRX non-active periods.
Proposal 2: The following physical signals/channels are proposed to be discussed by RAN2:
 Dynamic data transmission/reception
 PDCCH scrambled with UE specific RNTI
 PDCCH in Type-3 CSS
 SPS-PDSCH
 SR
 CG-PUSCH
Proposal 3: L1 signaling is considered for dynamic indication of cell DTX/DRX to adapt to flexible traffic.
Proposal 4: At least activating/deactivating a single cell DTX/DRX pattern should be considered as indication information of L1 signaling.
Proposal 5: Activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX patterns, e.g. switching cell DTX/DRX pattern, and dynamic enabling/disabling cell DTX/DRX on duration, should be considered as the indication information of L1 signaling.
Proposal 6: Considering signaling overhead, group-common signaling is proposed for the design of L1 signaling for cell DTX/DRX indication information.
Proposal 7: In CA scenario, cell DTX/DRX indication information for multiple cells should be supported by L1 signaling.
Proposal 8: At least the UE CDRX start offset is proposed to be indicated by L1 signaling to adapt to the dynamic indication of cell DTX/DRX pattern.
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