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1.	Introduction
This document discusses DTX/DRX mechanism for NES. The agreements related to DTX/DRX mechanism in R2-121 meeting and R2-121bis-e meeting are as follows.
[bookmark: _Hlk134531246]Agreements in R2-121 meeting
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.  

Agreements in R2-121bis-e meeting
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions

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.



2.	Discussion
It is agreed in R2-121bis-e meeting that as a baseline, UE does not transmit SR during cell DRX non-active period. However, it is still under discussion whether to allow SR transmission during cell DRX non-active period in some exceptional cases. The motivation of this exceptional handling is to support high priority traffic or emergency traffic.
However, it should be noted that, for actual data transmission of high priority traffic, gNB and UE needs to perform transmissions for PDCCH for dynamic grants and PUSCH for data while high priority traffic is served. On UE side, if UE follows legacy UE behavior, UE can receive uplink scheduling from gNB because the Active Time of UE C-DRX includes the time while SR is sent on PUCCH and SR is pending. On gNB side, cell DTX/DRX needs to be in active period after SR transmission. Otherwise, additional exceptional behavior is required such as transmission/reception during non-active time of cell DTX/DRX for actual data transmission after SR transmission.
If high priority traffic is expected to be periodic or frequent, there is no need to introduce the above-mentioned exceptional behavior because periodic traffic can be served with the configured cell DTX/DRX pattern of a proper periodicity. gNB can adjust and reconfigure cell DTX/DRX pattern to serve the high priority traffic and the related SR transmissions.
Observation 1. If high priority traffic is periodic or frequent, cell DTX/DRX pattern can be configured with a proper periodicity to serve the high priority traffic.
If high priority traffic is intermittent or infrequent, gNB needs to be ready to receive SR unnecessarily with the exceptional behavior. Considering that RA procedure can be performed during non-active period of cell DTX/DRX according to the agreements in R2-121 meeting, it is better to use RA procedure rather than SR with the above-mentioned exceptional behavior from the network energy saving perspective.
Observation 2. If high priority traffic is intermittent or infrequent, the arrival of high priority traffic can be informed by RA procedure. It is noted that RA procedure can be performed during non-active period of cell DTX/DRX.
[bookmark: _Hlk134785392]Proposal 1. SR transmission during non-active period of cell DRX is not supported. Instead, RA procedure is considered if it is occasionally required to handle high priority traffic.
If SR is not transmitted on an SR transmission occasion during non-active period of cell DRX, UE delays the SR transmission till the next cell DRX active period without triggering RA procedure. 
According to the current MAC spec., SR can be transmitted on valid PUCCH resource configured for the pending SR when SR transmission is allowed. For example, SR can be transmitted if sr-ProhibitTimer is not running at the time of SR transmission occasion. When SR is not transmitted at an SR transmission occasion by running sr-ProhibitTimer or LBT failure indication, SR_COUNTER is not incremented and sr-ProhibitTimer is not started. Similarly, it is desirable not to increment SR_COUNTER and not to start sr-ProhibitTimer when SR is not transmitted during non-active period of cell DTX
Proposal 2. SR_COUNTER is not incremented and sr-ProhibitTimer is not started if SR is not transmitted at an SR transmission occasion during non-active period of cell DTX.
Monitoring dynamic uplink grants and dynamic downlink assignments during cell DTX non-active period was discussed in RAN#121 bis-e meeting. It is agreed that during cell DTX non-active period, gNB does not schedule dynamic grants and dynamic assignments for new transmissions, and UE doesn’t monitor PDCCH for dynamic grants and dynamic assignments for new transmission. However, it is under discussion whether to allow any exception for RA procedure. It should be noted that regarding NES there is no impact to RA procedure in RRC_IDLE/RRC_INACTIVE, and NES capable CONNECTED UE can perform RA procedure in non-active period of cell DTX/DRX according to the agreements in R2-121 meeting. On gNB side, it should be allowed to receive and transmit messages related to RA procedure even if cell DTX/DRX is not in active period based on the agreements.
However, the event which triggered RA procedure may be still incomplete after completion of RA procedure if RA procedure is completed during non-active period of cell DTX/DRX. For example, when an RRC procedure triggered an RA procedure, some RRC messages such as RRCSetupComplete, RRCReconfigurationComplete, etc. usually are not transmitted within the RA procedure. If those messages cannot be continuously transmitted after the RA procedure and the transmission is delayed till the next active period of cell DTX/DRX, effectiveness of allowing RA procedure during non-active period is much reduced.
Therefore, it seems better to have exception for RA procedure such that gNB is allowed to schedule dynamic grants and dynamic assignment after successful completion of RA procedure if the RA procedure is completed during non-active period of cell DTX/DRX. We think gNB can decide and configure how long to allow dynamic scheduling during non-active period after completion of RA procedure, or gNB can decide to transmit dynamic grants and dynamic assignment during the remaining non-active period.
[bookmark: _Hlk134772689]Proposal 3. As an exceptional gNB behavior during non-active period of cell DTX/DRX, gNB transmits dynamic grants and dynamic assignment during the remaining non-active period after successful completion of RA procedure.
For retransmission, it is under discussion whether gNB schedules dynamic grants and dynamic assignments for retransmission during cell DTX non-active period or not, and whether UE monitors PDCCH for dynamic grants and dynamic assignments for retransmission during cell DTX non-active period or not. 
The intent of dynamic scheduling of retransmission during non-active period of cell DTX is to continuously schedule the corresponding retransmission(s) of a new transmission, which may be the last one in the current active period, even when the current active period of cell DTX ends, and non-active periods begins.
However, if it is allowed to schedule retransmission during non-active period of cell DTX, a single UE in a poor channel condition may prevent gNB from saving network energy for its retransmission. It is not desirable that the time for actual transmission of gNB is extended by a single UE in terms of network energy saving.
Dynamic scheduling for retransmission can be performed in the same manner as new transmission without distinguishing scheduling for new transmission and retransmission during non-active period of cell DTX. In other words, gNB doesn’t schedule dynamic grants/assignments for retransmissions during cell DTX non-active period, and UE doesn’t monitor PDCCH for dynamic grants/assignments for retransmissions during cell DTX non-active period.
Proposal 4. gNB doesn’t schedule dynamic grants/assignments for retransmissions during cell DTX non-active period, and UE doesn’t monitor PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active period. (i.e., the same policy applies to dynamic grants/assignments for new transmissions and retransmissions during cell DTX non-active period.)
There was a discussion about expected UE behavior for dynamic PUSCH transmission and dynamic PDSCH reception during Cell DTX non-active period in RAN#121 post email discussion of [POST121][311][NES] (DTX/DRX - gNB and UE behaviours). gNB can avoid dynamic scheduling for PDSCH reception or PUSCH transmission which is not completed during active period of cell DTX/DRX. gNB can defer the dynamic scheduling till the next active period of cell DTX/DRX. On UE side, UE is not expected to receive PDCCH which schedules PDSCH reception or PUSCH transmission occurring during non-active period of cell DTX/DRX. Then, there is no need to discuss how to handle PDSCH reception or PUSCH transmission which occurs during non-active period of cell DTX/DRX.
Proposal 5. It is up to gNB implementation how to avoid scheduling of PDSCH reception/PUSCH transmission occurring during non-active period of cell DTX/DRX.
The Active Time of UE C-DRX can be extended, for example, by the UE DRX inactivity timer. Therefore, it may be argued that non-active period of cell DTX may be overlapped with Active Time of UE C-DRX (T2 in the figure below).
[image: ]
Figure 1 Illustration of an issue scenario of Cell DTX and UE C-DRX alignment [R2-2302796, R2-2300701]
We think that gNB can schedule smartly such that Active Time of UE C-DRX does not exceed cell DTX active period. Then, T2 can be avoided, and Active Time of UE C-DRX will not overlap with 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.
· For a new transmission case, gNB does not schedule PDCCH for a new transmission if drx-InactivityTimer is expected to be expired in cell DTX non-active period as shown in Figure 2 (a) below.
· For a retransmission case, gNB does not schedule PDCCH for a retransmission if drx-RetransmissionTimer is expected to be expired in cell DTX non-active period as shown in Figure 2 (b) below.
· 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.


                                         (a) new transmission                                                   (b) retransmission
Figure 2 gNB scheduling
Proposal 6. It is up to gNB implementation how to avoid overlapping between non-active period of cell DTX and Active Time of UE C-DRX.
If T2 shown in Figure 1 can be avoided, UE C-DRX Active Time of each UE can be fully covered by active period of cell DTX, and there is no need to extend active period of cell DTX. 
Proposal 7. Alignment of cell DTX and UE C-DRX means that the Active Time of UE C-DRX falls within active period of cell DTX.
Proposal 8. Cell DTX pattern is considered as a fixed pattern. (i.e., active period of cell DTX is not extended.)

3.	Conclusion
This document discusses DTX/DRX mechanism for NES.
Observation 1. If high priority traffic is periodic or frequent, cell DTX/DRX pattern can be configured with a proper periodicity to serve the high priority traffic.
Observation 2. If high priority traffic is intermittent or infrequent, the arrival of high priority traffic can be informed by RA procedure. It is noted that RA procedure can be performed during non-active period of cell DTX/DRX.
Proposal 1. SR transmission during non-active period of cell DRX is not supported. Instead, RA procedure is considered if it is occasionally required to handle high priority traffic.
Proposal 2. SR_COUNTER is not incremented and sr-ProhibitTimer is not started if SR is not transmitted at an SR transmission occasion during non-active period of cell DTX.
Proposal 3. As an exceptional gNB behavior during non-active period of cell DTX/DRX, gNB transmits dynamic grants and dynamic assignment during the remaining non-active period after successful completion of RA procedure.
Proposal 4. gNB doesn’t schedule dynamic grants/assignments for retransmissions during cell DTX non-active period, and UE doesn’t monitor PDCCH for dynamic grants/assignments for retransmissions during Cell DTX non-active period. (i.e., the same policy applies to dynamic grants/assignments for new transmissions and retransmissions during cell DTX non-active period.)
Proposal 5. It is up to gNB implementation how to avoid scheduling of PDSCH reception/PUSCH transmission occurring during non-active period of cell DTX/DRX.
Proposal 6. It is up to gNB implementation how to avoid overlapping between non-active period of cell DTX and Active Time of UE C-DRX.
Proposal 7. Alignment of cell DTX and UE C-DRX means that the Active Time of UE C-DRX falls within active period of cell DTX.
Proposal 8. Cell DTX pattern is considered as a fixed pattern. (i.e., active period of cell DTX is not extended.)
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