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Introduction
In RAN#98e, it was agreed to start a Rel 18 WI on network energy savings, with the following objective for specifying cell DTX/DRX mechanism. 

3. 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 this paper, we discuss the above objective, focusing on RAN1 aspects of cell DTX/DRX.
Discussion
In last two RAN1 meetings, RAN1 identified a list of candidate channels/signals for which some restrictions may be applied during non-active period of cell DTX/DRX and discussed study and feasibility of L1 signaling for activation/deactivation of cell DTX/DRX. Some further aspects are discussed in the following.
Slots/symbols with SSB

In last meeting, below proposal was discussed. 
· [bookmark: _Hlk134623003]OFDM symbols and slot(s) containing SSB are considered part of active period for cell DTX.

From NWES perspective, since gNB is anyway active and transmitting SSB, there is no reason to consider that period as non-active and add unnecessary gNB scheduling restrictions. The gNB should be able perform other activity when it is already awake. There would be no impact from UE power saving perspective since a UE would anyway follows its configured C-DRX behavior (i.e. not monitor PDCCH in the active period of cell DTX that overlaps with C-DRX outside active time). 

1. [bookmark: _Toc134997467]OFDM symbols and slot(s) containing SSB are considered part of active period for cell DTX.

UE behavior during the non-active period of cell DTX/DRX

Below we discuss possible restrictions during cell DTX/DRX non-active period, considering the channels/signals identified by RAN1 in last meeting. 
CSI-RS for tracking or TRS
Regarding TRS, currently, it is transmitted periodically for a UE in connected mode. While TRS is used for several purposes, e.g. a UE may be sleeping and not really using the TRSs transmitted in the cell. E.g., it is agreed in the last meeting that the UE typically does not monitor dynamic PDCCH grants during the non-active time of cell DTX, and thus transmission of TRS is at least not necessary for those UEs. Then gNB could save energy (~10% savings in some cases) by turning off such transmissions when they are not being utilized in a cell DTX/DRX non-active period. 
1. [bookmark: _Toc134997458]Restricting reception of TRS during cell DTX/DRX non-active period can save NW energy (e.g. ~ 10% gain).
It is well-recognized and acknowledged that TRS is needed for performing UE operations such as time/frequency tracking for DL reception. However, selective reception of TRSs where UE can omit receiving TRS in certain known occasions (known to the gNB and UE) can help save gNB energy and not adversely impact UE performance. For example, it can be specified in such a manner that the UE can receive TRS for example, before UE’s C-DRX On duration and before data scheduling. 
In Rel-17, for idle/inactive UEs, support was introduced for L1-based signaling to indicate availability of TRS in TRS occasions.  We note that L1 signaling can be used to turn on/off TRS in TRS occasions for idle/inactive UEs. Thus, we do not see any impact to UEs in Idle/Inactive mode due to selective reception of TRS for connected mode UE during cell DTX/DRX inactive period. 
Overall, given the potential for gNB energy savings, we think a mechanism should be supported that can work without adversely impacting UE performance. 
1. [bookmark: _Toc131692872][bookmark: _Toc134997468]Support selective reception of TRS in indicated TRS occasions during non-active period of cell DTX/DRX. 
1. [bookmark: _Toc131692873][bookmark: _Toc134997469]Study further details of indication/occasions, e.g., TRS is received in occasions overlapping with a window before on-duration, before data scheduling, etc. 

Positioning Reference Signal (PRS)
PRS is transmitted typically for improving positioning accuracy, and idle/inactive UEs may also be using them as well as connected mode UEs that are outside active time in C-DRX. We do not see a strong motivation for restricting PRS during non-active period of cell DTX/DRX. 
1. [bookmark: _Toc134997459] PRS may be used also by idle/inactive UEs, and it may not be necessary to restrict PRS reception during non-active period of cell DTX/DRX. 

CSI-RS
In the last meeting, it was agreed that some CSI-RS particularly related to reporting are not transmitted during the non-active time of cell DTX. Few others remained as FFS, e.g., CSI-RS for RRM or for RLM/BFD or for BM. We should note that all these functions can be configured to be performed on SSBs. However, if the initial configuration is to perform such measurements based on CSI-RS in some cases to not transmit them during cell DTX/DRX can be problematic for the UEs, e.g., CSI-RS for RRM which is used for L3 measurements, and relies on averaging over multiple measurements which some may fall in the active time of cell DTX while some may fall in the non-active time. As such, we do not see a strong need to restrict these transmissions or at least ensure that they can be separately configurable.
1. [bookmark: _Toc134997460]gNB can configure the UE to perform RRM, RLM/BFD, and BM based on SSBs. If CSI-RS based RRM, RLM are configured instead, then it may not be necessary to restrict their transmission during the non-active time of cell DTX/DRX. 

1. [bookmark: _Toc134997470]Restriction on UE reception of CSI-RS for RRM, RLM/BFD, and BM during cell DTX non-active period, if supported, can be separately configured by higher layers.
L1/L2 signaling for cell DTX/DRX

RAN1 made a working assumption and a list of study aspects for L1 signaling in RAN1#112-bis-e. RAN2 has further sent an LS on Cell DTX/DRX activation/deactivation [2] asking about feasibility, reliability of L1 signaling and also asks RAN1 to inform RAN2 of RAN1’s decision and design details. 
If explicit L1 or DCI based signaling is used to activate and deactivate cell DTX/DRX, the mechanism needs to be at least robust and reliable to reduce misalignments between UEs and the gNB. 
Example 1 misalignment between UE and gNB due to missed DCI 
· Cell DTX/DRX is activated, while UE assumes cell DTX/DRX is not activated. The UE may transmit SR (assuming cell is always active) and does not see a response from gNB (since cell may be non-active), after a few tries it may declare RLF.  

Example 2 misalignment between UE and gNB due to missed DCI 
· Cell DTX/DRX is not activated, while UE assumes cell DTX/DRX is activated. The UE stops listening/responding to gNB (even when the cell is fully active), impacting performance/throughput and causing link problems. 
Above examples show that misalignment could lead to undesirable impacts. 
1. [bookmark: _Toc134997461]For L1 based activation/deactivation of cell DTX/DRX, mechanisms to address UE and gNB misalignment issue need to be considered. 
[bookmark: _Toc131694397][bookmark: _Toc131694398]As raised in the agreements from the last meeting, DCI for activation/deactivation can be UE specific, or group common. 
[bookmark: _Hlk134890066]UE specific DCI can be designed based on a legacy DCI, e.g., a scheduling DCI, and as such can come with A/N feedback which can ensure both gNB and the UE stay aligned on cell DTX/DRX activation/deactivation setting. UE specific DCI can increase overhead for the NW if individual UEs have to be addressed separately. On the other hand, it allows NW flexibility to signal activation/deactivation change for a subset of UEs or when such UEs are scheduled. Overhead can be reduced by signaling on per group of cells (for CA case) basis via scheduling DCI (like Case 1 and Case 2 SCell dormancy). 
[bookmark: _Hlk134890291]Group-common DCI (GC-DCI) which is typically designed based on a DCI 2-x design has no explicit feedback from the UE. Thus, if gNB configures GC-DCI for several UEs, and if some UEs miss the DCI, there would be misalignment between UE and gNB on cell DTX/DRX activation/deactivation setting. This can become costly as the misalignment between UE and gNB can last for a long while because the cell status change may persist for longer durations. 
As such it is important to make sure the signaling remains robust. E.g., in MBS, a feedback mechanism is developed for group common data transmission, similar or enhanced methods would have to be designed here to make group common DCI based activation deactivation robust. However, from gNB perspective, this might imply persistent transmissions of GC-DCI and persistent reception of A/N feedback from multiple UEs (e.g. if each UE has to send NACK upon detection of no GC-DCI), which would lead to increased NW energy consumption. 
1. [bookmark: _Hlk134891368][bookmark: _Toc134997462]UE specific DCI indication for cell DTX/DRX activation/deactivation is reliable/robust since UE can provide feedback.
4. [bookmark: _Toc134997463] Overhead can be reduced by including the activation/deactivation information in scheduling DCI and/or using cell-grouping for the indication.  
1. [bookmark: _Toc134997464]Group-common DCI indication for cell DTX/DRX activation/deactivation may not be reliable/robust due to absence of feedback from UE, leading to misaligned cell DTX/DRX assumption between UE and gNB.
5. [bookmark: _Toc134997465]GC-DCI may provide lower signaling overhead. 
1. [bookmark: _Toc134997466]From RAN1 perspective, DCI indication for cell DTX/DRX activation/deactivation with UE feedback would be feasible and reliable.
1. [bookmark: _Toc134997471]Support DCI based cell DTX/DRX activation/deactivation with UE feedback.

Handling ongoing packet transmissions/retransmissions
In the last meeting and based on RAN2 agreement, it was agreed that during the non-active time of cell DTX/DRX, the UE does not monitor dynamic assignments/grants associated with new transmissions. Nevertheless, exception may apply. Furthermore, it is still open how the UE should behave regarding retransmissions. 
It is beneficial for both UE and gNB if any ongoing packet transfers are not disrupted by cell DTX/DRX non-active periods. Interrupting an on-going packet transfer will lead to unnecessary latency, and may also not bring in additional gNB/UE energy saving since gNB/UE have to pause due to occurrence of non-active period in middle of a packet transfer, and come back to ultimately transmit/receive this data. In such cases, it is better for both UE and gNB to finish the packet transfer and sleep afterwards. 
A simple way to address this issue is by defining an indication in DCI to extend cell DTX/DRX active time that the NW can configure per UE as a part of cell DTX/DRX RRC configuration. Below figure shows an example of how this can work. UEs 1 and 2 may receive a cell DTX/DRX pattern with a periodic RRC-configured cell DTX/DRX active time pattern. 
Whether the cell is active/non-active during a certain period would then be considered from each UE’s perspective – for example the cell is always active for a legacy UE which is unaware of Cell DTX/DRX. 
When the gNB has scheduling messages for one UE (e.g. UE1), it can start scheduling the UE using UE-specific PDCCH. The PDCCH can also include an explicit indication to the UE1 whether to extend the cell DTX/DRX active time for a duration (or through a cell inactivity timer) so that gNB can continue scheduling the UE. From the UE1 perspective, the cell continues to be active for some further time (that might extend outside the RRC-configured Cell DTX/DRX active time). At the same time, a UE2 that has no data to transmit/receive would the cell is non-active outside the RRC-configured cell DTX/DRX active time. So, while the cell may be active from one UE’s perspective, while it may be non-active from another UE’s perspective.
[image: ]
Figure 1.Illustration of cell DTX/DRX active/non-active periods from different UE perspectives. It also illustrates cell DTX/DRX active period extension for UE1 based on PDCCH scheduling. 

Whether and how to configure the duration for active time extension for each UE could be left to gNB implementation. We also note that similar reasoning as above also apply for retransmissions of an ongoing packet during cell DTX/DRX non-active period.
1. [bookmark: _Toc131714330][bookmark: _Toc131692771][bookmark: _Toc131692879][bookmark: _Toc131694409][bookmark: _Toc131694605][bookmark: _Toc131692880][bookmark: _Toc134997472]Support at least a cell DTX/DRX mechanism that does not disrupt an ongoing packet delivery including packet transmissions/retransmissions.
1. [bookmark: _Toc134997473]During non-active period of cell DTX, when C-DRX HARQ retransmission timer is running, UE monitors PDCCH for HARQ retransmissions.
1. [bookmark: _Toc134997474]Introduce an explicit field in at least the scheduling DCI formats (0_1/1_1) to indicate extension of cell DTX/DRX active time.
6. [bookmark: _Toc134997475]When the field indicates ‘0’, there is no additional extension of cell DTX/DRX active time.
6. [bookmark: _Toc134997476]When the field indicates ‘1’, the cell DTX/DRX active time is additionally extended by a number of slots configured by higher layers.

[bookmark: _Toc126919184][bookmark: _Toc126919185][bookmark: _Toc126919186][bookmark: _Toc126919202][bookmark: _Toc126919220][bookmark: _Toc126919231][bookmark: _Toc126919252][bookmark: _Toc126919261][bookmark: _Toc126919276][bookmark: _Toc126919278][bookmark: _Toc126919280][bookmark: _Toc126919292][bookmark: _Toc126919303][bookmark: _Toc126919309][bookmark: _Toc126919310][bookmark: _Toc126919311][bookmark: _Toc126919313][bookmark: _Toc126919316][bookmark: _Toc126919318][bookmark: _Toc126919346][bookmark: _Toc126919354][bookmark: _Toc126919356]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Restricting reception of TRS during cell DTX/DRX non-active period can save NW energy (e.g. ~ 10% gain).
Observation 2	PRS may be used also by idle/inactive UEs, and it may not be necessary to restrict PRS reception during non-active period of cell DTX/DRX.
Observation 3	gNB can configure the UE to perform RRM, RLM/BFD, and BM based on SSBs. If CSI-RS based RRM, RLM are configured instead, then it may not be necessary to restrict their transmission during the non-active time of cell DTX/DRX.
Observation 4	For L1 based activation/deactivation of cell DTX/DRX, mechanisms to address UE and gNB misalignment issue need to be considered.
Observation 5	UE specific DCI indication for cell DTX/DRX activation/deactivation is reliable/robust since UE can provide feedback.
a.	Overhead can be reduced by including the activation/deactivation information in scheduling DCI and/or using cell-grouping for the indication.
Observation 6	Group-common DCI indication for cell DTX/DRX activation/deactivation may not be reliable/robust due to absence of feedback from UE, leading to misaligned cell DTX/DRX assumption between UE and gNB.
a.	GC-DCI may provide lower signaling overhead.
Observation 7	From RAN1 perspective, DCI indication for cell DTX/DRX activation/deactivation with UE feedback would be feasible and reliable.
Based on the discussion in the previous sections we propose the following:
Proposal 1	OFDM symbols and slot(s) containing SSB are considered part of active period for cell DTX.
Proposal 2	Support selective reception of TRS in indicated TRS occasions during non-active period of cell DTX/DRX.
a.	Study further details of indication/occasions, e.g., TRS is received in occasions overlapping with a window before on-duration, before data scheduling, etc.
Proposal 3	Restriction on UE reception of CSI-RS for RRM, RLM/BFD, and BM during cell DTX non-active period, if supported, can be separately configured by higher layers.
Proposal 4	Support DCI based cell DTX/DRX activation/deactivation with UE feedback.
Proposal 5	Support at least a cell DTX/DRX mechanism that does not disrupt an ongoing packet delivery including packet transmissions/retransmissions.
Proposal 6	During non-active period of cell DTX, when C-DRX HARQ retransmission timer is running, UE monitors PDCCH for HARQ retransmissions.
Proposal 7	Introduce an explicit field in at least the scheduling DCI formats (0_1/1_1) to indicate extension of cell DTX/DRX active time.
a.	When the field indicates ‘0’, there is no additional extension of cell DTX/DRX active time.
b.	When the field indicates ‘1’, the cell DTX/DRX active time is additionally extended by a number of slots configured by higher layers.
[bookmark: _In-sequence_SDU_delivery]
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Annex (Relevant agreements)
RAN1#112
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

RAN1#112bis-e: 

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreement
Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:
· PDCCH based signaling
· FFS: Whether enhancing legacy DCI or introducing new DCI
· FFS: DCI content
· FFS: Whether L1 signaling is UE specific DCI or group common DCI
· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX
· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 
· FFS: If multiple Cell DTX/DRX patterns are to be supported
· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay
· FFS how to guarantee reliability of the L1 signaling
· FFS whether the L1 signal can be monitored in non-active periods.

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Further study the following in RAN1:
· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.

Agreement
For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:
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).  

Working Assumption
Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18\
· Note: Reliability, overhead, and benefits are FFS
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