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Introduction
In RAN1#112bis-e, the following agreements were reached on Rel-18 cell DTX/DRX mechanism [1]:
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

Further, RAN2 agreed the followings in RAN2#121bis-e [2]:
	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 this contribution, we discuss follow-up issues relevant to RAN1 for cell DTX/DRX mechanism.

Discussion
Impact on signals/channels during cell DTX/DRX non-active time
While in the last meeting UE behaviours during cell DTX/DRX non-active time were decided for some signals/channels, there are many remaining ones that require further discussion. In our view, transmissions and receptions during cell DTX/DRX non-active time should be minimized to achieve the maximum network energy saving gains. Otherwise, the benefit of Rel-18 cell DTX/DRX over the legacy C-DRX would be unclear.
Observation 1: To provide a clear benefit of network energy saving gains over the legacy C-DRX mechanism, transmissions and receptions during cell DTX/DRX non-active time should be minimized.

We discuss our view on each signal/channel one-by-one in the two tables below.
Table 1. DL signals/channels during cell DTX non-active time
	DL signal/channel
	Behaviour

	PDCCH in USS
	It was agreed in RAN2 that UE does not monitor PDCCH in USS (i.e., for dynamic grants/assignments) outside cell DTX active time regardless of whether UE is in C-DRX active time or not. We prefer this behaviour is commonly applied to all RNTIs including MCS-C-RNTI.

	PDCCH in Type-3 CSS
	Similar to USS, UE can skip monitoring PDCCH in Type-3 CSS regardless of C-DRX operation. However, potentially there can be exceptions for some DCI formats or RNTIs. For example, further study is needed on activation/deactivation DCI for cell DTX/DRX (if supported) and DCI format 2_6 for C-DRX wake up.

	PRS
	PRS muting during non-active time or confined PRS allocation within the on-durations may or may not be possible depending on target positioning accuracy. Therefore, it may be beneficial to support configurability for the PRS skipping behaviour during non-active time.

	CSI-RS for RRM
	For RRM measurement, SSB can be used as baseline. gNB may simply not use CSI-RS for RRM while it operates as the energy saving mode. If needed, CSI-RS can be additionally used within cell DTX on-durations.

	CSI-RS for RLM and BFD
	Similar to the RRM case, one possibility is to use SSB only for RLM and BFD when cell DTX/DRX is used. If needed, CSI-RS can be configured within cell DTX active time as the best effort approach.

	Periodic/Semi-persistent CSI-RS (for BM)
	Same as above.

	Periodic/Semi-persistent CSI-RS for CSI reporting
	It was agreed not to receive P/SP CSI-RS for CSI reporting during cell DTX non-active time, however, support of configurability is not decided yet. Except the high-mobility case, the dropping of some CSI-RS occasions would not severely impact CSI accuracy. Also, it may be helpful to use aperiodic CSI-RS or one-shot CSI measurement. In that sense, the configurability seems not necessary.

	TRS
	T/F tracking and AGC accuracy may not be guaranteed using SSB only. Hence, a safer approach seems to let UE always monitor the TRS regardless of the cell DTX operation.

	DG PDSCH
	Can wait for RAN2 decision.



Table 2. UL signals/channels during cell DRX non-active time
	UL signal/channel
	Behaviour

	SRS for positioning
	Similar to the PRS, it may be beneficial to support configurability for skipping of SRS for positioning during non-active time.

	DG PUSCH
	Can wait for RAN2 decision.

	HARQ feedback for DG PDSCH
	Can wait for RAN2 decision on DG PDSCH.

	HARQ feedback for SPS PDSCH
	Seems related to Issue 1 below (please refer to Proposal 3 and 4 in this section).



Based on the discussions, we propose the followings.
Proposal 1: UE does not expect to receive and/or process the following signals/channels during cell DTX non-active time (with no support of configurability):
· PDCCH in USS for all RNTIs (to confirm RAN2 agreement)
· PDCCH in Type-3 CSS
· FFS: Potential exceptions (e.g., activation/deactivation DCI for cell DTX/DRX, DCI format 2_6)
· CSI-RS for RRM
· CSI-RS for RLM and BFD
· Periodic/Semi-persistent CSI-RS for CSI reporting
· Periodic/semi-persistent CSI-RS for BM
Proposal 2: UE can be configured whether or not to receive/transmit the following signals/channels during cell DTX/DRX non-active time:
· PRS
· SRS for positioning

UE behaviour on the HARQ feedback for SPS PDSCH may be related to Issue 1 in the list below which was brought up in the last meeting for discussion [1, 3]:
	Further study the following in RAN1:
· Issue 1: Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Issue 2: Handling of PUCCH deferral operation during non-active periods of cell DRX
· Issue 3: Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Issue 4: Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Issue 5: Handling of PUCCH switching during non-active period to an active cell



In the current specification, if a SPS PDSCH is not received due to collision with a UL symbol, the corresponding SPS HARQ-ACK is not mapped to the Type I HARQ-ACK codebook. Similarly, based on RAN2 agreement, UE operating with the cell DTX will not receive SPS PDSCH during cell DTX non-active time. The same approach can be applied to here to treat the corresponding SPS HARQ-ACK. For example, UE may not allocate bits for the corresponding SPS HARQ-ACK in the HARQ-ACK codebook generation.
Proposal 3: For Type I HARQ-ACK codebook, if a SPS PDSCH is not received due to collision with a symbol belonging to the cell DTX non-active time, a corresponding SPS HARQ-ACK bit is not mapped to the HARQ-ACK codebook (thereby, not transmitted).

Then, how to treat the HARQ feedback for SPS PDSCH during cell DRX non-active time can be discussed. Two different cases can be considered. The first case is when SPS PDSCH is outside active time and not received. If Proposal 3 is adopted, as a natural consequence UE will not transmit the SPS HARQ-ACK since it will not be included in the HARQ-ACK codebook. The second case is when UE successfully received a SPS PDSCH within active time but its HARQ-ACK resource falls outside active time. Our preference is to drop that HARQ-ACK to minimize exceptional transmissions outside active time. If the dropping is not desired, gNB may avoid that situation by proper SPS configuration. Alternatively, SPS HARQ-ACK deferral may be used to delay such HARQ-ACKs.
Observation 2: If Proposal 3 is adopted, for the case where a SPS PDSCH outside active time is not received, UE will not transmit the corresponding SPS HARQ-ACK outside active time as well.
Proposal 4: Even if a SPS PDSCH is successfully received, UE does not transmit the corresponding SPS HARQ-ACK if it falls outside DRX active time.

Regarding Issue 2 above, we think it is beneficial to enhance the current PUCCH deferral mechanism to the cell DRX operation to minimize the PUCCH dropping events outside active time. A simple extension of a specification may be sufficient for such enhancement. For example, a symbol belonging to the cell DRX non-active time can be regarded as an invalid symbol in terms of the PUCCH deferral operation. Thereby, a PUCCH repetition or a SPS HARQ-ACK (for Rel-17 SPS HARQ-ACK deferral) overlapping with the cell DRX non-active time can be deferred to a next valid UL resource (e.g., a next cell DRX on duration).
Proposal 5: If a PUCCH repetition or a SPS HARQ-ACK (when Rel-17 SPS HARQ-ACK deferral is configured) collides with a symbol belonging to the cell DRX non-active time, the PUCCH repetition or the SPS HARQ-ACK is deferred to a next valid UL resource.
· The symbol belonging to the cell DRX non-active time is regarded as an invalid symbol

L1 signalling for activation/deactivation of cell DTX/DRX
In the last meeting, there was consensus on the feasibility of L1 signalling-based activation/deactivation of cell DTX/DRX as a working assumption, and it was agreed to study the PDCCH based solutions with some detailed issues. In addition, RAN2 sent an LS to RAN1 saying that it is up to RAN1 to study and design the L1 signalling for the activation/deactivation, also mentioning that their majority view is L1 activation/deactivation is beneficial [4].
To cope with dynamic and irregular traffic, we think that the RRC-based activation/deactivation method is not enough. When a big traffic burst arrived and are stuck in the queue, it may be beneficial for gNB to dynamically indicate UE that it will not to go-to-sleep at the next occurrence(s) of cell DTX off duration. On the other side, in low load case, there may be no unicast traffic in the queue during some cell DTX on-durations. In those periods, it would be beneficial for gNB and UE not to wake up and continue to sleep. UE can monitor activation DCI prior to a cell DTX on duration to determine whether or not to wake-up at the next occurrence(s) of cell DTX on-duration, similar to the wake-up signalling for UE C-DRX.
Proposal 6: For cell DTX operation, support two types of operation for L1 activation/deactivation.
· Type 1: UE monitors DCI within cell DTX on-duration indicating whether or not to go-to-sleep at the next occurrence(s) of cell DTX off-duration.
· Type 2: UE monitors DCI outside cell DTX on-duration indicating whether or not to wake-up at the next occurrence(s) of cell DTX on-duration.

For the Type 2 operation, the principles applied to the Rel-16 WUS can be reused to a large extent. Regarding the DCI format, one can introduce a new group-common DCI format, or refine the existing DCI format 2_6. We expect that this issue is related to whether/how to allow simultaneous cell DTX and the legacy C-DRX operations, which is being discussed in RAN2.
On the contrary, there seems no existing L1 signalling that exactly matches the Type 1 operation. Although the DCI-based PDCCH monitoring skipping indication was introduced in Rel-17, the behaviours at PDCCH skipping duration and inactive time are quite different and the PDCCH skipping operation is in principle performed independently with the DRX on-off patterns. Rather, the DCI for Type 1 could be very similar to the DRX command MAC CE except that the MAC CE is a L2 and UE-specific message.
There may exist commonalities between the DCIs for Type 1 and Type 2 operations, for example, target receiving UE group, payload size, search space set to be monitored except time domain location, etc. In such case, it may be efficient to use a single DCI format for both purposes.
Another related aspect is whether/how to support cell DRX activation/deactivation. If supported, similar clarification may be brought for the Type 1 and Type 2 operations as discussed in the cell DTX case. How UE distinguishes the cell DTX (de-)activation DCI and the cell DRX (de-)activation DCI needs also to be studied. For example, different DCI formats, indicator field in the DCI, different RNTIs, different search space sets, etc. can be used to differentiate the DCIs for the cell DTX and the cell DRX.
Proposal 7: Support a group-common DCI indicating L1 activation/deactivation of cell DTX.
· FFS: whether a new DCI format needs to be introduced (against reusing DCI format 2_6).
Proposal 8: Further discuss whether/how to support L1 activation/deactivation of cell DRX.

It is desirable to support multiple UE transmission/reception behaviours (i.e., multiple cell DTX/DRX modes) during cell DTX/DRX non-active time. Each cell DTX mode can be associated with a set of DL signals UE receives/monitors (or, equivalently does not receive/monitor). Similarly, each cell DRX mode can be associated with a set of UL signals UE transmits (or, equivalently does not transmit).
One potential use case is to set mode 1 as baseline for eMBB and mode 2 to allow SPS/CG outside active time for URLLC. Another example is to set mode 1 as baseline for low-mobility condition and mode 2 to allow CSI-RS reception outside active time for high-mobility situation to improve synchronization and measurement accuracy. Dynamic switching among cell DTX modes or among cell DRX modes can be supported as a key feature distinguished from the legacy DRX operation. For example, multiple cell DTX modes can be configured by RRC, and one of the cell DTX modes can be dynamically indicated by DCI, e.g., by the cell DTX deactivation DCI. Since RAN1 is discussing configurability on transmission and reception behaviours outside active time, this issue may be relevant to RAN1 topics.
Proposal 9: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 10: Each cell DTX/DRX mode is associated with a set of DL/UL signals UE receives/transmits (or, equivalently does not receive/transmit).
Proposal 11: DCI can indicate one of cell DTX/DRX modes to apply during the next cell DTX/DRX off-duration(s).

Conclusion
In this contribution, we discussed issues on the introduction of cell DTX/DRX mechanism for NR network energy saving. We note the following observations and proposals.
Observation 1: To provide a clear benefit of network energy saving gains over the legacy C-DRX mechanism, transmissions and receptions during cell DTX/DRX non-active time should be minimized.
Observation 2: If Proposal 3 is adopted, for the case where a SPS PDSCH outside active time is not received, UE will not transmit the corresponding SPS HARQ-ACK outside active time as well.

Proposal 1: UE does not expect to receive and/or process the following signals/channels during cell DTX non-active time (with no support of configurability):
· PDCCH in USS for all RNTIs (to confirm RAN2 agreement)
· PDCCH in Type-3 CSS
· FFS: Potential exceptions (e.g., activation/deactivation DCI for cell DTX/DRX, DCI format 2_6)
· CSI-RS for RRM
· CSI-RS for RLM and BFD
· Periodic/Semi-persistent CSI-RS for CSI reporting
· Periodic/semi-persistent CSI-RS for BM
Proposal 2: UE can be configured whether or not to receive/transmit the following signals/channels during cell DTX/DRX non-active time:
· PRS
· SRS for positioning
Proposal 3: For Type I HARQ-ACK codebook, if a SPS PDSCH is not received due to collision with a symbol belonging to the cell DTX non-active time, a corresponding SPS HARQ-ACK bit is not mapped to the HARQ-ACK codebook (thereby, not transmitted).
Proposal 4: Even if a SPS PDSCH is successfully received, UE does not transmit the corresponding SPS HARQ-ACK if it falls outside DRX active time.
Proposal 5: If a PUCCH repetition or a SPS HARQ-ACK (when Rel-17 SPS HARQ-ACK deferral is configured) collides with a symbol belonging to the cell DRX non-active time, the PUCCH repetition or the SPS HARQ-ACK is deferred to a next valid UL resource.
· The symbol belonging to the cell DRX non-active time is regarded as an invalid symbol
Proposal 6: For cell DTX operation, support two types of operation for L1 activation/deactivation.
· Type 1: UE monitors DCI within cell DTX on-duration indicating whether or not to go-to-sleep at the next occurrence(s) of cell DTX off-duration.
· Type 2: UE monitors DCI outside cell DTX on-duration indicating whether or not to wake-up at the next occurrence(s) of cell DTX on-duration.
Proposal 7: Support a group-common DCI indicating L1 activation/deactivation of cell DTX.
· FFS: whether a new DCI format needs to be introduced (against reusing DCI format 2_6).
Proposal 8: Further discuss whether/how to support L1 activation/deactivation of cell DRX.
Proposal 9: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 10: Each cell DTX/DRX mode is associated with a set of DL/UL signals UE receives/transmits (or, equivalently does not receive/transmit).
Proposal 11: DCI can indicate one of cell DTX/DRX modes to apply during the next cell DTX/DRX off-duration(s).
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