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1 Introduction
The Network Energy saving (NES) WID RP-223540 was agreed in RAN#98-e [1], the WI objective on Cell DTX / DRX is copied below: 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 RAN2#121 [2], Cell DTX / DRX was discussed, and below agreements were made:
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.  
After RAN2#121, the following 2 post-meeting email discussions were kicked off:
· [Post121][311][NES] DTX/DRX - gNB and UE behaviours (InterDigital)
· [Post121][312][NES] DTX/DRX - Configuration/activation/deactivation and alignment (Huawei)
And their summary report can be found in [3] and [4], respectively. Although good progress was made, there are still some remaining issues / FFS left to address.  
In this contribution, we share our view on leftover FFS and open issues NOT covered in post-meeting email discussions from below aspects: 
· How to handle low latency traffic
· Open issue on signaling 
· Alignment between Cell DTX and UE CDRX
· Measurement and reporting
2 Discussion 
2.1 How to handle low latency traffic  
In post-meeting email discussion 311 [3], whether to allow exceptions on SPS/CG/SR transmission in non-active duration of Cell DTX / DRX was discussed but no consensus can be achieved, which is captured in below highlighted FFSs.
Proposal 1: As baseline, UE drops 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. (20/24)
FFS: whether it is possible to configure an exception to this (e.g. per SPS or cell DTX configuration) such that the UE monitors SPS occasions during Cell DTX non-active period to support low latency traffic.
Proposal 2: As baseline, UE does not transmit on CG occasions overlapping with Cell DRX non-active periods. (20/24) FFS: whether it is possible to configure an exception to this (e.g. per CG or Cell DRX configuration) such that the UE can transmit on CG occasions overlapping with Cell DRX non-active periods to support low latency traffic.
Proposal 3: 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 (17/24). FFS: whether it is possible to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support low latency traffic.
As captured in the FFS, one root cause of the divergence is that companies have different views on whether low latency traffic (e.g. voice, emergency call and URLLC traffic) needs to be supported when Cell DTX / DRX is configured. During email discussion [3], some companies don't prefer any exception with below reasonings:   
1) Low latency traffic doesn't not need to be supported in cell which is configured with Cell DTX/DRX because the goal of Cell DTX / DRX is for NES. NW can handover the UEs with low latency traffic to another cell. 
2) gNB can configure SPS/CG/SR occasions for low latency traffic to fully fall within active duration of Cell DTX / DRX.   
3) Allowing exceptions on SPS/CG/SR in non-active duration of Cell DTX/DRX will make gNB wake up frequently and lead to marginal NES gain.
We have different view for these reasonings:
For 1), we think it is important to support low latency traffic, especially voice call. Please note that RAN1/RAN2 have agreed to support legacy UEs in Cell DTX / DRX in SI phase. And voice call is the most important service of legacy UEs. If not supported, we think it is necessary to introduce some new UE barring mechanism. 
Observation 1: In study item phase, RAN1/RAN2 have agreed to support legacy UEs in Cell DTX / DRX. And voice call is the most important service of legacy UEs. If not supported, new barring mechanism is required. 
Proposal 1: To be backward compatible with legacy UEs, NW configured with Cell DTX / DRX can also satisfy QoS requirement of low latency service, especially voice call.     
For 2), we agree that gNB can configure SPS/CG/SR occasions within active duration of Cell DTX / DRX via special RRC configurations. However, to support low latency service, gNB can only configure a short duty cycle of Cell DTX / DRX less than Packet Delay Budge (PDB) of the traffic (e.g. less than 40ms for voice). As we know, NES gain can be maximized only when the duty cycle of cell DTX / DRX is long so that gNB can enter sleep mode for a long time. Thus, it is conflicted with the intention to introduce Cell DTX / DRX.
Observation 2: If no exception for SPS/CG/SR in non-active duration is allowed, gNB has to configure a short duty cycle of Cell DTX / DRX less than PDB of the low latency traffic (e.g. less than 40ms for voice), which restricts NES gain because gNB can't enter sleep mode for a long time.
For 3), we think a good design of cell DTX / DRX will marginally decrease NES gain due to exceptions for some SPS/CG/SR. Please note that RAN2 has agreed that SSB transmission, paging, SIB and RACH are not impacted by cell DTX / DRX. It means that gNB has to wake up for reception in all ROs (RACH Occasions) and wake up for transmission in all occasions for SSB/SIB/paging, even if these occasions are within non-active duration of cell DTX / DRX. Thus, as illustrated in Figure. 1, if the exceptional CG/SR occasions are configured to be close to ROs, the extra NW power consumption is marginal because gNB anyway needs to wakes up in these ROs for preamble reception. And if the exceptional SPS occasions are configured to be close to occasions to transmit SSB/SIB/paging, the extra NW power consumption is marginal because gNB anyway needs to wakes up in these occasions for transmission of SSB/SIB/paging.   
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Figure.1 Example of exceptional CG/SR in non-active duration with marginal NES loss 
Observation 3: Because gNB has to wake up for preamble reception in all ROs in non-active duration of Cell DRX, marginal NES loss is expected if the occasions of exceptional CG/SR are configured close to ROs. 
Observation 4: Because gNB has to wake up for SSB/SIB/paging in non-active duration of Cell DTX, marginal NES loss is expected if the exceptional SPS are configured close to occasions to transmit SSB/SIB/paging.  
Meanwhile, to enable the exceptional SPS/CG/SR, the required signaling change is simple: 
· A list of exceptional SPS-ConfigIndex can be included in Cell DTX configuration
· Based on its implementation, gNB can only wake up to transmit low latency traffic in the SPS occasions indicated by the exceptional SPS configuration index list during non-active duration. 
· For normal traffic, gNB can postpone to transmit in next active duration of Cell DTX. 
· A list of exceptional ConfiguredGrantConfigIndex and a list of exceptional schedulingRequestID can be included in Cell DRX configuration
· According to TS 38.331 [6], the mapping between logical channel and CG configuration can be configured via IE allowedCG-List in LogicalChannelConfig. And the mapping between logical channel and different SR configurations can be configured via IE schedulingRequestID in LogicalChannelConfig. 
· Thus, via proper configuration, gNB can only wake up to receive low latency traffic associated with LCH with high priority in the CG/SR occasions indicated by the exceptional list.
· The UE keeps all CG/SR configuration, but only transmit CG-PUSCH / SR in the CG/SR occasions indicated by the exceptional list.     
Thus, we propose to allow exceptional SPS/CG/SR in non-active duration of Cell DTX / DRX.
Proposal 2: A list of exceptional SPS-ConfigIndex can be included in Cell DTX configuration. gNB only wakes up to transmit low latency traffic in the SPS occasions indicated by the list during non-active duration of Cell DTX.
Proposal 3: A list of exceptional ConfiguredGrantConfigIndex can be included in Cell DRX configuration. gNB wakes up to receive low latency CG-PUSCH in the CG occasions indicated by the list during non-active duration of Cell DRX.
Proposal 4: A list of exceptional schedulingRequestID can be included in Cell DRX configuration. gNB wakes up to receive SR associated with low latency traffic in the SR occasions indicated by the list during non-active duration of Cell DRX.
What's more, failure of CG-PUSCH / SPS-PDSCH may happen for above exceptional SPS / CG. Since the intention is that only low latency traffic will be transmitted / received in the exceptional SPS / CG configurations, we think it makes sense to allow retransmission. UE CDRX retransmission timer based mechanism (i.e. HARQ RTT timer and retransmission timer) can be reused. 
Proposal 5: Reuse UE CDRX retransmission timer based mechanism (i.e. HARQ RTT timer and retransmission timer) for retransmission of exceptional CG-PUSCH / SPS-PDSCH in non-active duration of Cell DTX / DRX.
2.2 Open issues on signalling  
In this section, we discuss some key open / missed issues in agreements of RAN2#121 [2] and post-meeting email discussion 312 [4].
2.2.1 Active time of Cell DTX/DRX 
In RAN2#121 [2], whether active time of Cell DTX/DRX can be extended as UE CDRX was discussed, but no consensus was made. It was agreed that pattern of Cell DTX/DRX is common for all Rel-18 UEs in the cell, and whether to introduce UE specific inactivity timer is FFS. 
1. 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.  

According to TS 38.321 [5], the active time of UE CDRX can be extended in below cases:
· When drx-inactivityTimer is running
· When rx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running
· When ra-ContentionResolutionTimer is running     
· When a SR is sent on PUCCH and is pending
· A PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a RAR for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble
The intention of these activation duration extensions is to achieve trade-off between UE power saving and traffic scheduling latency. 
Observation 5: To achieve tradeoff between UE power saving and latency, the active duration of UE CDRX can be extended in some cases (e.g. when drx-inactivityTimer is running) according to TS 38.321. 
However, in Cell DTX / DRX, we think at least inactivity timer mechanism is unnecessary due to below reasonings:
1) Cell DTX / DRX pattern is common to all UEs in the cell. If the active duration is extended just because one particular UE has pending traffic, it will decrease NES gain, especially when the UE number is large. 
2) As the patten is cell specific, its extension due to one particular UE's pending traffic needs to notify all the other UEs. It will incur significant signalling overhead.
3) The extension will make Cell DTX / DRX mechanism complicated, especially for the alignment with UE CDRX (e.g. how inactivity timer of Cell DTX and inactivity timer of UE CDRX can work together). 
Therefore, we propose not to introduce a new inactivity timer to extend active time of Cell DTX / DRX pattern. 
Proposal 6: Not introduce a new inactivity timer for purpose of extending active time of Cell DTX / DRX pattern due to one particular UE's pending traffic
2.2.2 Details of Cell DTX/DRX configuration 
In post-meeting email discussion 312 [4], Rapporteur drafted below summary proposals based on majority view:
Proposal 1: A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. (25/28)
Proposal 2: A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. (27/28)
Proposal 3: The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. (25/28)
Proposal 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. FFS a new IE explicitly stating activation/deactivation (22/26)
First, we think one missed aspect is how to calculate starting time of active duration of Cell DTX / DRX pattern. Because majority agree that periodicity, start slot/offset and on duration can be explicitly configured similar to UE CDRX, we think it is straight forward to reuse formula of UE CDRX in TS 38.321 [5]. It is also helpful for the alignment between UE CDRX and Cell DTX / DRX. 
Proposal 7: Reuse the below formula of UE CDRX to calculate starting time of active duration of Cell DTX / DRX pattern:
· [(SFN × 10) + subframe number] modulo (Periodicity) = StartOffset
Then, we discuss "FFS a new IE explicitly stating activation/deactivation" in above summary Proposal 4. In our understanding, the intention of the new explicit IE is to reduce the latency caused by RRC reconfiguration (i.e. the latency to use one RRC message to implicitly activate/deactivate Cell DTX/DRX). However, a cell DTX/DRX pattern with long non-active duration is expected to maximize NES gain. While the latency of RRC reconfiguration is typically around 16ms according to TS 38.331 [6]. In this case, we think explicitly configured starting time of activation/deactivation only brings marginal NES gain. 
Observation 6: A Cell DTX/DRX pattern with long non-active duration is expected to maximize NES gain. While the latency of RRC reconfiguration is typically around 16ms. Thus, explicitly configured starting time of activation/deactivation only brings marginal NES gain.
So, we think the explicit IE is not necessary.
Proposal 8: No need to introduce a new IE explicitly stating activation/deactivation of Cell DTX/DRX
2.2.3 Multiple Cell DTX/DRX configurations
Whether to support multiple Cell DTX/DRX configurations was discussed in RAN2#121 [2], and below agreement was made.
1. 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.  
We think the FFS on whether multiple configurations of cell DTX or DRX can be discussed when the conclusion of single configuration is clear. However, we think one important issue missed is whether Cell DTX and Cell DRX with different active duration can be activated simultaneously for the same serving cell, i.e. whether Case a) in Figure.2 is allowed. 
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Figure.2 Illustration of different understandings of joint Cell DTX and cell DRX operation
Our understanding is that only single pattern can be activated for one serving cell when Cell DTX and Cell DRX are jointly operated. The reasonings include:
· The NES gain of case a) over case b) is not clear because the power consumption of DL is much higher than UL according to TR38.864 [7]. 
· DL and UL are sometimes tightly coupled (e.g. DL transmission and its UL HARQ feedback). Allowing case a) will significantly complicate UE behaviors and introduce extra standard work (e.g. alignment mechanism between Cell DTX and Cell DRX).   
Observation 7: When Cell DTX and Cell DRX are jointly operated, allowing different patterns brings marginal NES gain, but will significantly complicate UE behaviors and introduce extra standard work.
Thus, we propose to confirm case a) is not allowed. Please note that standalone Cell DTX and Cell DRX with different patterns (i.e. only Cell DTX or only Cell DRX is operated in one serving cell) are still allowed to provide flexibility of NW. 
Proposal 9: RAN2 confirm below understandings:
· When Cell DTX and Cell DRX are jointly operated, only single pattern (i.e. one set of periodicity, offset and on duration) can be activated for one serving cell. 
· Standalone Cell DTX and Cell DRX with different patterns are still allowed to provide flexibility of NW. 
2.3 Alignment between Cell DTX and UE CDRX
In post-meeting email discussion 312 [4], Rapporteur drafted below related summary proposals based on majority view:
Proposal 6: An aligned UE C-DRX configuration with Cell DTX means that the on-duration of C-DRX falls within Cell DTX on-duration. FFS extension of Cell DTX active time beyond Cell DTX on-duration. FFS gNB/UE behaviour during T2 from Fig.1. (15/25)
Proposal 7: The periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity. 
We are fine with above summary proposals, and have addressed 1st FFS of Proposal 6. For 2nd FFS, we think proposal 5-8 of [3] have covered them, and we support these proposals. However, we think that UE/gNB behaviour during T1 and T3 in Figure.3 also needs discussion:
1) T1 (Part of OFF duration of UE DRX is overlapped with active duration of Cell DTX)
2) T3 (OFF duration of UE DRX is overlapped with non-active duration of Cell DTX) 
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        Figure.3 Illustration of issue scenarios of Cell DTX and UE CDRX alignment
Our analysis for the two cases are:
· For T1, we think the reasonable UE behaviour is to follow UE CDRX behaviour (i.e. stop monitoring PDCCH) by assuming that gNB will not transmit DCI for it (i.e. gNB may transmit DCI for other UEs). 
· For T3, although final agreement of UE behaviour in Cell DTX is not made yet, it seems that the common understanding is that Cell DTX has more restricted UE behaviours than UE CDRX (e.g. all SPS / CG are allowed in OFF duration of UE CDRX). Thus, we think the reasonable UE behaviour is to follow Cell DTX.
Proposal 10: RAN2 agree below UE/gNB behavior in T1 and T3 durations:
· T1 (OFF duration of UE CDRX is overlapped with active duration of Cell DTX): the UE follows UE CDRX behaviour (i.e. stop monitoring PDCCH), assuming no DCI for itself.
· T3 (OFF duration of UE CDRX is overlapped with non-active duration of Cell DTX): the UE follows behaviour specified for Cell DTX.
2.4 Measurement and reporting
For RRC_CONNECTED UE, it may perform the following measurements and reporting: 
· SSB based L1/L3 measurements and reporting
· CSI-RS based L1/L3 measurement and reporting (including TRS)
· PRS based measurement and reporting
· Transmission of SRS for gNB measurements 
Meanwhile, RAN1 made below agreements in RAN1#112:R1-2302131	Discussion Summary #2 for enhancements on cell DTX/DRX mechanism	Moderator (Intel Corporation)
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



For SSB based measurement / reporting, according to below note in WID objective, SSB transmission is not impacted by Cell DTX / DRX.
· Note: No change for SSB transmission due to cell DTX/DRX.
However, it is not clear whether the UE can stop or relax measurement requirement during non-active duration of Cell DTX/DRX, considering gNB is sleeping. This issue should be first discussed in RAN4 and RAN1. 
For CSI-RS/PRS based measurement / reporting, it is not clear whether gNB will stop transmitting CSI-RS/PRS during non-active duration of Cell DTX/DRX to save power consumption. In addition, if it is allowed, it is not clear whether the UE can stop or relax CSI-RS based measurement requirement during non-active duration of Cell DTX/DRX, considering gNB is sleeping. This issue should be first discussed in RAN1 and RAN4. 
For SRS, it is also not clear whether gNB will stop monitoring SRS during non-active duration of Cell DTX/DRX to save power consumption. This issue should be first discussed in RAN1 and RAN4.
Observation 8: Although SSB transmission is not impacted by Cell DTX / DRX, whether the UE can stop or relax measurement during non-active duration of Cell DTX/DRX need to be first discussed in RAN4/RAN1.
Observation 9: For CSI-RS/TRS/PRS, whether they can be turned off and their measurement requirement during non-active duration need to be first discussed in RAN4/RAN1.
Observation 10: Whether gNB stops monitoring SRS during non-active duration should be first discussed in RAN1 and RAN4.
Therefore, we propose RAN2 wait RAN1/RAN4 on these issues and may consider sending LS to RAN1/RAN4 if necessary.
Proposal 11: RAN2 wait RAN1/RAN4 on measurement and reporting based on SSB/CSI-RS/TRS/PRS/SRS, and may consider sending LS to RAN1/RAN4 if necessay.
3 Conclusion
In this contribution, we further discuss Cell DTX / DRX. Our observations are:
Observation 1: In study item phase, RAN1/RAN2 have agreed to support legacy UEs in Cell DTX / DRX. And voice call is the most important service of legacy UEs. If not supported, new barring mechanism is required. 
Observation 2: If no exception for SPS/CG/SR in non-active duration is allowed, gNB has to configure a short duty cycle of Cell DTX / DRX less than PDB of the low latency traffic (e.g. less than 40ms for voice), which restricts NES gain because gNB can't enter sleep mode for a long time.
Observation 3: Because gNB has to wake up for preamble reception in all ROs in non-active duration of Cell DRX, marginal NES loss is expected if the occasions of exceptional CG/SR are configured close to ROs. 
Observation 4: Because gNB has to wake up for SSB/SIB/paging in non-active duration of Cell DTX, marginal NES loss is expected if the exceptional SPS are configured close to occasions to transmit SSB/SIB/paging.  
Observation 5: To achieve tradeoff between UE power saving and latency, the active duration of UE CDRX can be extended in some cases (e.g. when drx-inactivityTimer is running) according to TS 38.321. 
Observation 6: A Cell DTX/DRX pattern with long non-active duration is expected to maximize NES gain. While the latency of RRC reconfiguration is typically around 16ms. Thus, explicitly configured starting time of activation/deactivation only brings marginal NES gain.
Observation 7: When Cell DTX and Cell DRX are jointly operated, allowing different patterns brings marginal NES gain, but will significantly complicate UE behaviors and introduce extra standard work.
Observation 8: Although SSB transmission is not impacted by Cell DTX / DRX, whether the UE can stop or relax measurement during non-active duration of Cell DTX/DRX need to be first discussed in RAN4/RAN1.
Observation 9: For CSI-RS/TRS/PRS, whether they can be turned off and their measurement requirement during non-active duration need to be first discussed in RAN4/RAN1.
Observation 10: Whether gNB stops monitoring SRS during non-active duration should be first discussed in RAN1 and RAN4.

Based on observations, our proposals can be found below. 
How to handle low latency traffic
Proposal 1: To be backward compatible with legacy UEs, NW configured with Cell DTX / DRX can also satisfy QoS requirement of low latency service, especially voice call.     
Proposal 2: A list of exceptional SPS-ConfigIndex can be included in Cell DTX configuration. gNB only wakes up to transmit low latency traffic in the SPS occasions indicated by the list during non-active duration of Cell DTX.
Proposal 3: A list of exceptional ConfiguredGrantConfigIndex can be included in Cell DRX configuration. gNB wakes up to receive low latency CG-PUSCH in the CG occasions indicated by the list during non-active duration of Cell DRX.
Proposal 4: A list of exceptional schedulingRequestID can be included in Cell DRX configuration. gNB wakes up to receive SR associated with low latency traffic in the SR occasions indicated by the list during non-active duration of Cell DRX.
Proposal 5: Reuse UE CDRX retransmission timer based mechanism (i.e. HARQ RTT timer and retransmission timer) for retransmission of exceptional CG-PUSCH / SPS-PDSCH in non-active duration of Cell DTX / DRX.

Leftover issues of signaling
Proposal 6: Not introduce a new inactivity timer for purpose of extending active time of Cell DTX / DRX pattern due to one particular UE's pending traffic
Proposal 7: Reuse the below formula of UE CDRX to calculate starting time of active duration of Cell DTX / DRX pattern:
· [(SFN × 10) + subframe number] modulo (Periodicity) = StartOffset
Proposal 8: No need to introduce a new IE explicitly stating activation/deactivation of Cell DTX/DRX
Proposal 9: RAN2 confirm below understandings:
· When Cell DTX and Cell DRX are jointly operated, only single pattern (i.e. one set of periodicity, offset and on duration) can be activated for one serving cell. 
· Standalone Cell DTX and Cell DRX with different patterns are still allowed to provide flexibility of NW. 

Alignment between UE CDRX and Cell DTX/DRX
Proposal 10: RAN2 agree below UE/gNB behavior in T1 and T3 durations:
· T1 (OFF duration of UE CDRX is overlapped with active duration of Cell DTX): the UE follows UE CDRX behaviour (i.e. stop monitoring PDCCH), assuming no DCI for itself.
· T3 (OFF duration of UE CDRX is overlapped with non-active duration of Cell DTX): the UE follows behaviour specified for Cell DTX.

Measurement and reporting
Proposal 11: RAN2 wait RAN1/RAN4 on measurement and reporting based on SSB/CSI-RS/TRS/PRS/SRS, and may consider sending LS to RAN1/RAN4 if necessay.
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