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1.	Introduction
This document discusses DTX/DRX mechanism for NES. The agreements in R2-121 related to DTX/DRX mechanism are as follows.
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 related objective of the work item are as follows.
	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.



During R2-121 post email discussion, gNB and UE behaviours for SPS, CG, SR, Dynamic Grant during non-active period were discussed in [POST121][311][NES] (DTX/DRX - gNB and UE behaviours). Configuration of cell DTX/DRX, activation/deactivation of cell DTX/DRX, and alignment between cell DTX/DRX and UE C-DRX were discussed in [POST121][312][NES] (DTX/DRX - Configuration/ activation/ deactivation and alignment).

2.	Discussion
Monitoring dynamic grants and downlink assignments during cell DTX non-active period was discussed in RAN#121 post email discussion of [POST121][311][NES] (DTX/DRX - gNB and UE behaviours). The case that UE is in Active Time of UE C-DRX when cell DTX is in non-active period as shown in case 3 of Figure 1 (c) is mainly discussed.


                 (a) case 1                      (b) case 2                     (c) case 3
Figure 1 UE C-DRX and cell DTX non-active period
For case 1 and case 2 shown in Figure 1 (a) and (b), gNB will not schedule PDCCH for dynamic grants/downlink assignments. The same gNB policy can be applied to case 3. Since gNB does not schedule PDCCH, there is no issue about UE PDCCH monitoring regardless of whether UE monitors PDCCH or not. The only concern is UE power saving. In the post email discussion, most companies support that gNB does not schedule UE-specific dynamic grants/assignments during cell DTX non-active periods, even if the UE is in C-DRX Active Time (option 1 for gNB scheduling behavior in the post email discussion). Simply, gNB does not schedule dynamic grants and assignments during its cell DTX non-active period.
Observation 1. It is assumed that gNB does not schedule dynamic grants and assignments during cell DTX non-active period.
For UE behavior, in the post email discussion, many companies support that UE doesn’t monitor PDCCH for dynamic grants/assignments during cell DTX non-active, even if the UE is in C-DRX Active time (option 1 for UE behavior in the email discussion).
However, the option requires the special UE behavior (i.e. not to monitor PDCCH in Active Time of UE C-DRX) during cell DTX non-active period. It is not complied with alignment of cell DTX/DRX and UE DRX which is described in an objective of WID. It is noted that WID has an objective to specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode.
Observation 2. The scenario that UE does not monitor during cell DTX non-active period even if UE is in UE C-DRX Active Time conflicts with alignment of cell DTX/DRX and UE DRX.
Without specifying the special UE behavior, we think that gNB can make UE not need to monitor PDCCH during cell DTX non-active period. gNB can schedule smartly such that Active Time of UE CDRX does not exceed cell DTX active period. Case 3 shown in Figure 1 can be avoided, and Active Time of UE C-DRX will not overlap with cell DTX non-active period. Then, there is no issue. The UE just monitors PDCCH according to UE C-DRX Active Time, which is always within the cell DTX active period. The UE is not in UE C-DRX Active Time during cell DTX non-active period, and the UE does not monitor PDCCH for dynamic grants and downlink assignment during cell DTX non-active period.
gNB can make UE not being in Active Time of UE C-DRX during cell DTX non-active period based on followings.
· gNB can configure such that on-duration (defined by drx-onDurationTimer and drx-SlotOffset) of UE C-DRX is within cell DTX active period.
· gNB can configure drx-InactivityTimer with 0 for UE power saving in NES.
· gNB can send DRX Command MAC CE to stop Active Time of UE C-DRX.
· For a new transmission case, gNB can schedule smartly such that UE CDRX Active Time does not exceed cell DTX active period. gNB does not schedule PDCCH for a new transmission if DRX inactivity timer is expected to be expired in cell DTX non-active period as shown in Figure 2 (a).
· For a retransmission case, gNB can schedule smartly such that UE CDRX Active Time does not exceed cell DTX active period. gNB does not schedule PDCCH for a retransmission if DRX retransmission timer is expected to be expired in cell DTX non-active period as shown in Figure 2 (b).


                   (a) new transmission                          (b) retransmission
Figure 2 gNB scheduling
We think that gNB generally needs to consider remaining cell DTX active period for scheduling of PDCCH because the scheduled downlink transmission needs to be finished before end of cell DTX active period. If retransmissions are expected, gNB can take into account whether the retransmission is completed before end of cell DTX active period or not for scheduling of PDCCH. In addition, it seems possible that gNB considers drx-InacivityTimer and drx-RetransmissionTimer for scheduling of PDCCH such that Active Time of UE C-DRX does not exceed cell DTX active period.
Proposal 1. UE is not in UE C-DRX Active Time during cell DTX non-active period by gNB scheduling, and the UE does not monitor PDCCH for dynamic grants and downlink assignment during cell DTX non-active period.
Proposal 2. Do not introduce a special UE behaviour (e.g. not to monitor PDCCH during Active Time of UE C-DRX) for monitoring dynamic grants and downlink assignment during cell DTX non-active period.
Regarding PDSCH reception scheduled by PDCCH, we think gNB can schedule PDCCH for a downlink assignment if the PDSCH reception is completed before end of cell DTX active period. gNB does not schedule PDCCH for a downlink assignment if the corresponding PDSCH transmission is not completed during cell DTX active time. This prevents gNB from transmitting PDSCH during cell DTX non-active period.
Therefore, a UE is not expected to receive PDCCH for a downlink assignment which schedules PDSCH reception during cell DTX non-active period, and a UE does not receive dynamic PDSCH during cell DTX non-active period.
Proposal 3. UE is not expected to receive PDCCH for a downlink assignment which schedules PDSCH reception during cell DTX non-active period, and a UE does not receive dynamic PDSCH during cell DTX non-active period.
Regarding PUSCH transmission scheduled by PDCCH, we think gNB can schedule PDCCH for a uplink grant if the PUSCH transmission is completed before end of cell DRX active period. gNB does not schedule PDCCH for an uplink grant if the corresponding PUSCH transmission is not completed during cell DRX active time. This prevents gNB from receiving PUSCH during cell DRX non-active period.
Therefore, a UE is not expected to receive PDCCH for an uplink grant which schedules PUSCH transmission during cell DRX non-active period, and a UE does not transmit dynamic PUSCH during cell DRX non-active period.
Proposal 4. UE is not expected to receive PDCCH for an uplink grant which schedules PUSCH transmission during cell DRX non-active period, and a UE does not transmit dynamic PUSCH during cell DRX non-active period.
Receiving SPS PDSCH during cell DTX non-active period and transmitting CG PUSCH during cell DRX non-active period were also discussed in RAN#121 post email discussion of [POST121][311][NES] (DTX/DRX - gNB and UE behaviours).
Regarding SPS PDSCH reception in NES, it is desirable that gNB does not transmit SPS PDSCH during cell DTX non-active period, and UE does not need to receive SPS PDSCH during cell DTX non-active period. In the post email discussion, many companies support that UE can drop monitoring SPS occasions during Cell DTX non-active period. gNB is assumed to be not transmitting PDSCH on such SPS occasions during the Cell DTX non-active period (option 1 for SPS PDSCH reception in the post email discussion). Dropping SPS occasions is needed because SPS occasions during cell DTX non-active period is assumed to be configured. 
However, gNB can configure that SPS occasions does not appear in cell DTX non-active period. This prevents gNB and UE from transmitting and receiving SPS PDSCH, respectively. For example, considering that periodic cell DTX/DRX pattern is assumed in NES discussion and SPS occasions recur with periodicity configured by RRC, SPS occasions can be aligned with cell DTX active period if the same periodicity is used for cell DTX pattern and SPS configuration. The maximum value of SPS periodicity is 640ms. Longer values for SPS periodicity can be considered if required for NES.
Therefore, UE special behavior like dropping SPS occasion during non-active period of Cell DTX is not needed. gNB can configure SPS such that SPS occasions are aligned with cell DTX active period. Then, UE just monitor SPS occasions according to the SPS configuration. 
Proposal 5. SPS occasions do not appear in cell DTX non-active period by gNB configuration, and a UE does not monitor SPS occasions during cell DTX non-active period.
Regarding CG PUSCH transmission in NES, it is desirable that UE does not transmit CG PUSCH during cell DRX non-active period and gNB does not receive CG PUSH during cell DRX non-active period. In the post email discussion, many companies support that UE does not transmit on CG occasions overlapping with Cell DRX non-active periods (option 1 for CG transmission in the post email discussion). The option is needed because CG occasion overlapping with Cell DRX non-active periods is assumed to be configured. 
However, gNB can configure that CG occasions does not overlap with cell DRX non-active period. This prevents UE from transmitting on CG occasions overlapping with cell DRX non-active period. For example, considering that periodic cell DRX pattern is assumed in NES discussion and CG occasions appear with periodicity configured by RRC, CG occasions can be aligned with cell DRX active period if the same periodicity is used for cell DRX pattern and CG configuration. The maximum value of CG periodicity is 640ms. Longer values for CG periodicity can be considered if required for NES.
Therefore, UE special behavior to handle CG occasions overlapping with cell DRX non-active period is not needed. gNB can configure CG such that CG occasions are aligned with cell DRX active period. Then, UE just transmits at CG occasions according to the CG configuration.
Proposal 6. CG occasions do not overlap with cell DRX non-active period by gNB configuration, and a UE does not transmit on CG occasions overlapping with cell DRX non-active period.

3.	Conclusion
This document discusses DTX/DRX mechanism for NES.
Observation 1. It is assumed that gNB does not schedule dynamic grants and assignments during cell DTX non-active period.
Observation 2. The scenario that UE does not monitor during cell DTX non-active period even if UE is in UE C-DRX Active Time conflicts with alignment of cell DTX/DRX and UE DRX.
Proposal 1. UE is not in UE C-DRX Active Time during cell DTX non-active period by gNB scheduling, and the UE does not monitor PDCCH for dynamic grants and downlink assignment during cell DTX non-active period.
Proposal 2. Do not introduce a special UE behaviour (e.g. not to monitor PDCCH during Active Time of UE C-DRX) for monitoring dynamic grants and downlink assignment during cell DTX non-active period.
Proposal 3. UE is not expected to receive PDCCH for a downlink assignment which schedules PDSCH reception during cell DTX non-active period, and a UE does not receive dynamic PDSCH during cell DTX non-active period.
Proposal 4. UE is not expected to receive PDCCH for an uplink grant which schedules PUSCH transmission during cell DRX non-active period, and a UE does not transmit dynamic PUSCH during cell DRX non-active period.
Proposal 5. SPS occasions do not appear in cell DTX non-active period by gNB configuration, and a UE does not monitor SPS occasions during cell DTX non-active period.
Proposal 6. CG occasions do not overlap with cell DRX non-active period by gNB configuration, and a UE does not transmit on CG occasions overlapping with cell DRX non-active period.
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