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Introduction
In previous RAN2#121bis-e meeting [1]. Some issues were raised about SR process, as following:
	Agreements 
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




In previous RAN2#123 [2] meeting, the agreements of behaviour of Cell DTX/DRX parameter on the email discussion [POST122] [307] [3].As following. 
	Agreements:
1 Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm working assumption, when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.



The behavior of UE C-DRX retransmission timer running beyond Cell DTX on duration is not clearly specified.
In this proposal, we discuss the cell DTX/DRX mechanism about UE does not transmit SR overlapping with Cell DRX non-active periods and the retransmission behavior when UE C-DRX active time overlapping with Cell DTX/DRX non-active duration. 
Discussion
SR process overlapping with cell DRX non-active period
In RAN2#121bis-e [1] meeting agreement, If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending. In TS 38.321[4], the SR process was specified as Fig 1. 
[image: ]Fig 1 SR occasions



When the UE will transmit data to gNB, it transmits an SR to gNB. This SR informs gNB that UE will transmit data, and triggers sr-ProhitbitTimer. This means SR should be transmitted in Cell DRX on duration. So one possible approach is to configure the PeriodicityaAndOffset value in SRresource configuration, as following:
· Periodicity should be the same or multiple of the serving Cell’s DRX periodicity, and Offset should be aligned with the serving Cell’s DRX periodicity.

Two methods were discussed for the UE keeping SR pending when SR process overlapping with Cell DRX non-active period.

· The UE retransmits SR even during Cell DRX non-active period, but SR_COUNTER is not incremented. Therefore, when SR_COUNT > sr-TransMax, UE is ensured that RACH is triggered during Cell DRX on duration in fig 2.

· The sr-ProhibitTimer value in SR configuration should be the same or multiple of the serving Cell’s DRX periodicity. This will forces retransmission of SR occurring in Cell DRX on duration.

[image: ] Fig 2 SR is transmitted during Cell DRX non-active period, UE is ensured that RACH is triggered during Cell DRX on duration.



Proposal 1: Two methods were proposed for the UE keeping SR pending when SR process overlapping with Cell DRX non-active period.

· Option 1: The UE retransmits SR even during Cell DRX non-active period, but SR_COUNTER is not incremented. Therefore, when SR_COUNT > sr-TransMax, UE is ensured that RACH is triggered during Cell DRX on duration in fig 2.
· Option 2: The sr-ProhibitTimer value in SR configuration should be the same or multiple of the serving Cell’s DRX periodicity. This will forces retransmission of SR occurring in Cell DRX on duration.
.


Multiple activated Cell DTX/DRX configurations
Different UEs’ C-DRX can vary in diverse offsets, periodicities or on-Durations. One specific Cell DTX/DRX pattern is hard to approach optimal network energy saving. One possible scenario for multiple activated Cell DTX/DRX configurations is depicted below for further discussion on network energy saving. 

· gNB needs to receive/ transmit for UE 1 C-DRX, activated Cell DTX/DRX configuration#1 and configuration#2
· gNB needs to receive/ transmit for UE 2 C-DRX, activated Cell DTX/DRX configuration#1 
· gNB needs to receive/ transmit for UE 3 C-DRX, activated Cell DTX/DRX configuration#2 

Assume network power consumption is proportioned to Cell DTX/DRX on duration. When only one specific Cell DTX/DRX pattern is activated/switch in same time (e.g. Cell DTX configuration#0 in fig 3), its power consumption assume to 1 per period. For multiple activated Cell DTX/DRX configurations (e.g. Cell DTX configuration#1, #2 in fig 4), the power consumption can be represented as 2/3 per period (in average). We can see there is 33% energy saving. 
The scenario only focuses on different C-DRX on-Durations for the power saving impact/improvement by multiple activated Cell DTX/DRX configurations.
 [image: ] Fig 3 Multiple activated Cell DTX/DRX configurations.


Proposal 2: Multiple activated Cell DTX/DRX configurations should be included in further discussion.

UE C-DRX active time overlap with cell DTX/DRX non-active duration
As TS38.321, legacy UE C-DRX mechanism is as shown in fig 4. Some cases was discussed when the UE C-DRX active time (drx-inactivityTimer, drx-RetransmissionTimer) overlapping with Cell DTX/DRX non-active duration.
 [image: ]  Fig 4 UE C-DRX mechanism


When UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration (as shown fig 5), the UE won’t receive retransmission from gNB during Cell DTX/DRX non-active duration. Two models were discuss for UE C-DRX drx-RetransmisssionTimer in overlap situation, as following:
· Model A: when UE C-DRX HARQ NACK feedback was received by gNB during Cell DTX/DRX on duration, gNB understand UE C-DRX retransmission time overlapping with Cell DTX/DRX non-active duration and gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration. 
· Model B: when UE C-DRX HARQ NACK feedback was received by gNB during Cell DTX/DRX on duration, gNB understand UE C-DRX retransmission time overlapping with Cell DTX/DRX non-active duration and gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
[image: ]   Fig 5 UE C-DRX drx-RetransmissionTimer overlapping with cell DTX/DRX non-active duration.


Proposal 3: For UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration, further discussion is needed for the following two models:
· Model A: gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration,
· Model B: gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
So far, the definition of Cell DTX/DRX active time is not clear. Therefore, the relationship between Cell DTX/DRX on duration and Cell DTX active time needs to be specified. Other definitions can be discussed in later release, e.g.
· Cell DTX/DRX Active Time.
· Cell DTX/DRX-InactivityTimer.
· Cell DTX/DRX-RetransmissionTimerDL.
· Cell DTX/DRX-RetransmissionTimerUL.
Proposal 4: In order to reduce the scope of Rel-18, we consider only Cell DTX/DRX on duration as Cell DTX/DRX active time.
Conclusion
Proposal 1: Two methods were proposed for the UE keeping SR pending when SR process overlapping with Cell DRX non-active period.

· Option 1: The UE retransmits SR even during Cell DRX non-active period, but SR_COUNTER is not incremented. Therefore, when SR_COUNT > sr-TransMax, UE is ensured that RACH is triggered during Cell DRX on duration in fig 2.
· Option 2: The sr-ProhibitTimer value in SR configuration should be the same or multiple of the serving Cell’s DRX periodicity. This will forces retransmission of SR occurring in Cell DRX on duration.



Proposal 2: Multiple activated Cell DTX/DRX configurations should be included in further discussion.

Proposal 3: For UE C-DRX drx-RetransmissionTimer overlapping with Cell DTX/DRX non-active duration, further discussion is needed for the following two models:
· Model A: gNB continues the retransmission in next UE C-DRX on-Duration/ Cell DTX/DRX on duration,
· Model B: gNB cancels the retransmission and reschedules it in next UE C-DRX on-Duration as new transmission.
Proposal 4: In order to reduce the scope of Rel-18, we consider only Cell DTX/DRX on duration as Cell DTX/DRX active time.

References
[1] [bookmark: _Ref114823375][bookmark: _Ref118379691]R2-2304203, Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning, April 17-26, 2023.
[2] R2-2308963, Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning, August 21-25, 2023.
[3] R2-2307527, Outcome of [Post122][307][NES] DTX/DRX – alignment, single/multiple configurations, parameter values (Huawei), 21 – 25 August, 2023.
[4] TS 38.321 V17.4.0, Medium Access Control (MAC) protocol specification, 2023-03.
[5] [bookmark: _Ref125016343]R2-2304203,Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning, April 17-26, 2023.
[6] TR 38.864, Study on network energy savings for NR, December 2022.


image1.png
UE did not receive
uplink grant
SR transmission .

sr-TransMax RACH

- ===

SR_COUNTER > sr-TransMax




image2.png
B SR COUNTER++

@ SR _COUNTER no increase
on duration

UE SR

sr-ProhibitTimer

SR_COUNTER >sr-TransMAX




image3.png
on duration

Cell DTX configuration#0

on duration
Cell DTX configuration#1 Non-active duration
<« >
on duration
Cell DTX configuration#2
Non-active duration
<>
13 ms

on-Duration

UE 1 C-DRX r Inactivity period ﬂ ﬂ ﬂ
UE 2 C-DRX () O

>

UE 3 C-DRX ) )




image4.png
HARQ NACK feedback

New transmission | A

: P ——

UE C-DRX cycle

drs-onDurationTimer | :
>
drx-InactivtyTimer |

> :

dre-HARQ-RTT-TimerDL ‘g5

(no successful decode)
drx-RetransmissionTimerDL




image5.png
On-duration
Cell DTX/DRX Non-active duration

HARQ NACK feedback
New transmission, A

UE C-DRX cycle Non-active duration

drx-inactivtyTimer

—>

drx-RetransmissionTimer




