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Introduction
In RAN1#113, the following agreements were reached on Rel-18 cell DTX/DRX mechanism [1]:
Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability
Agreement
Confirmation of WA from previous meeting with removal of the two sub-bullets.
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
Agreement
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (downselect just one among alternatives)
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· FFS: Monitoring within DRX active time
· FFS: Field content
· Alt 2) Based on new DCI format 2_X
· Field content format
· Block number 1, block number 2, …, block number N
· For each block should at least support the following:
· DTX configuration activation/deactivation
· DRX configuration activation/deactivation
· FFS: other field details, mapping of UE and each blocks
· DCI size indicated by higher layers
· FFS: RNTI
· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells
· FFS: details on PDCCH monitoring aspects, including but not limited to:
· Search Space
· PDCCH monitoring occasion
· slots to monitor (during cell DTX/DRX non-active periods, and active periods)
· BD/CE aspects
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)
Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used
Further, RAN2 agreed the followings in RAN2#122 [2]:
	Agreements
1. UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2. UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3. 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.   
4. Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX). The behavior is captured in stage 2 spec
5. When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy). This includes DL HARQ feedback.



In this contribution, we discuss follow-up issues relevant to RAN1 for cell DTX/DRX mechanism.

Discussion
Dynamic cell DTX/DRX activation and deactivation
Type of cell DTX/DRX activation/deactivation
In the last meeting, it was agreed to introduce a new group-common DCI format for activation and deactivation of Rel-18 cell DTX/DRX operation. According to the agreements, the payload of the new DCI format 2_X is expected to comprise N blocks, each containing at least information on cell DTX activation/deactivation and cell DRX activation/deactivation for each UE receiving the DCI.
One important step towards progress is to clarify what exactly the cell DTX/DRX activation and deactivation operation means from RAN1 perspectives. For cell DTX as an example, we think that there are two possible interpretations:
Table 1. Two interpretations on activation/deactivation of cell DTX/DRX
	Interpretation 1 (Figure 1)
	Interpretation 2 (Figure 2)

	Activate and deactivate cell DTX on-duration(s)
	Activate and deactivate the cell DTX operation

	Activation:
UE wakes up during the next cell DTX on-duration(s)
	Deactivation:
UE does not wake up during the next cell DTX on-duration(s)
	Activation:
UE goes to sleep (i.e., performs cell DTX operation) during the next cell DTX off-duration(s)
	Deactivation:
UE is awake (i.e., does not perform cell DTX operation) during the next cell DTX off-duration(s)
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Figure 1. Dynamic cell DTX activation/deactivation based on Interpretation 1
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Figure 2. Dynamic cell DTX activation/deactivation based on Interpretation 2
In the low load case, there may be no need of unicast transmissions for some cell DTX cycles. In those periods, gNB and UE would not wake up for the on-duration and continue to sleep to minimize the power consumption. As shown in Figure 1, UE may monitor the DCI format 2_X outside the cell DTX on-duration to acknowledge whether or not to wake-up at the next occurrence(s) of cell DTX on-duration. This type of operation would correspond to Interpretation 1.
On the other side, when a big traffic burst arrives and is stuck in the queue for a while, the operation corresponding to Interpretation 2 would be beneficial. As shown in Figure 2, gNB may inform UE that the gNB will not go-to-sleep at the next occurrence(s) of cell DTX off-duration. Then, from the network-side energy saving perspective, the UE receiving the DCI format 2_X needs not go to the sleep mode during the indicated cell DTX off-duration(s) and will be awake during the time.
In our view, each of the two activation/deactivation procedures contribute to increase the NES gains. Therefore, it is suggested to support both the two types of operations based on Interpretation 1 and Interpretation 2 for cell DTX and cell DRX. The RRC signalling can be used to configure one of the two operation types for UEs. For the DCI signalling, the new DCI format 2_X can be used for both types assuming that the two types do not simultaneously operate and considering that the necessary DCI contents and the PDCCH monitoring behaviour are likely to be very similar.
Proposal 1: For cell DTX and cell DRX, support the following two types of L1 activation and deactivation operation.
· Type 1: UE monitors DCI outside cell DTX/DRX on-duration indicating whether or not to wake-up at the next occurrence(s) of cell DTX/DRX on-duration.
· Type 2: UE monitors DCI [within cell DTX/DRX on-duration] indicating whether or not to go-to-sleep at the next occurrence(s) of cell DTX/DRX off-duration.
Proposal 2: UE can be configured with one of Type 1 and Type 2 activation/deactivation operations for cell DTX and/or cell DRX based on RRC signalling.
Proposal 3: The new DCI format 2_X is used for both Type 1 and Type 2 cell DTX/DRX activation and deactivation operations.

Association between PDCCH MOs and cell DTX/DRX on/off-durations
In Rel-16 WUS, the PDCCH MO(s) for DCI format 2_6 are located shortly before each C-DRX on-duration. The available time slots for the DCP monitoring is determined by ps-Offset-r16 and MinTimeGap-r16 as illustrated in Figure 3. Such PDCCH MO allocation based on the ps-Offset is quite natural considering the one-to-one relationship between the set of PDCCH MO(s) and the C-DRX on-duration and their timeline.
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Figure 3. PDCCH MO location for wake-up signal, i.e., DCI format 2_6
On the other hand, there is a difference in the activation/deactivation DCI monitoring for the cell DTX/DRX. The difference is that the agreed new DCI format 2_X can indicate not only the cell DTX activation/deactivation but also the cell DRX activation/deactivation. That means the PDCCH MO for DCI format 2_X should be associated with both cell DTX on/off-durations and cell DRX on/off-durations. Therefore, it may be restrictive to tie the PDCCH MOs to only the cell DTX on-durations.
An alternative method is described in Figure 4. The PDCCH MOs (i.e., SS set) for DCI format 2_X can be configured anywhere (for Type 1, potentially outside on-duration only) independently with the cell DTX/DRX on-duration locations. Once the PDCCH MOs are configured, a time window over which the indication from the DCI format 2_X applies can be determined. All the on-durations (for Type 1) or all the off-durations (for Type 2) within the time window can be indicated to be activated/deactivated based on a single DCI reception. The periodicity of the time window can be the same as the periodicity of the SS set for DCI format 2_X. The time window can be either common (as in Figure 4) or separate across cell DTX and cell DRX. In this way, a single set of PDCCH MOs can be flexibly associated with one or multiple on/off-durations for cell DTX and/or cell DRX possibly with different cycle periodicity and offset across cell DTX and cell DRX.
Proposal 4: The activation/deactivation indication via DCI format 2_X is applied to all on-durations (for Type 1) or all the off-durations (for Type 2) for cell DTX and/or cell DRX within a time window, where the time window is determined as relative to the location of the PDCCH MO(s) for DCI format 2_X.
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Figure 4. An example of association between activation/deactivation DCI and cell DTX/DRX on/off-durations

Multiple cell DTX/DRX modes
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., the new DCI format 2_X. Since RAN1 is discussing configurability on transmission and reception behaviours outside active time, this issue may be relevant to RAN1 topics.
Proposal 5: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 6: Each cell DTX/DRX mode is associated with a set of DL/UL signals UE receives/transmits (or, equivalently does not receive/transmit).
Proposal 7: The new DCI format 2_X can indicate one of cell DTX/DRX modes to apply during the next cell DTX/DRX off-duration(s).

Impact on signals/channels during cell DTX/DRX non-active time
While in the last meetings 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 2. 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, except when the retransmission timer is running. 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 the new DCI format 2_X for cell DTX/DRX activation/deactivation 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
	RAN2 agreed that UE follows the dynamic grant, i.e., UE receives the DG PDSCH during non-active time if scheduled so.



Table 3. 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
	RAN2 agreed that UE follows the dynamic grant, i.e., UE transmits the DG PUSCH during non-active time if scheduled so.

	HARQ feedback for DG PDSCH
	Same as DG PUSCH.

	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 8: 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 9: 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 [3, 4]:
	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 10: 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 10 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 10 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 11: 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 12: 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
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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 10 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: For cell DTX and cell DRX, support the following two types of L1 activation and deactivation operation.
· Type 1: UE monitors DCI outside cell DTX/DRX on-duration indicating whether or not to wake-up at the next occurrence(s) of cell DTX/DRX on-duration.
· Type 2: UE monitors DCI [within cell DTX/DRX on-duration] indicating whether or not to go-to-sleep at the next occurrence(s) of cell DTX/DRX off-duration.
Proposal 2: UE can be configured with one of Type 1 and Type 2 activation/deactivation operations for cell DTX and/or cell DRX based on RRC signalling.
Proposal 3: The new DCI format 2_X is used for both Type 1 and Type 2 cell DTX/DRX activation and deactivation operations.
Proposal 4: The activation/deactivation indication via DCI format 2_X is applied to all on-durations (for Type 1) or all the off-durations (for Type 2) for cell DTX and/or cell DRX within a time window, where the time window is determined as relative to the location of the PDCCH MO(s) for DCI format 2_X.
Proposal 5: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 6: Each cell DTX/DRX mode is associated with a set of DL/UL signals UE receives/transmits (or, equivalently does not receive/transmit).
Proposal 7: The new DCI format 2_X can indicate one of cell DTX/DRX modes to apply during the next cell DTX/DRX off-duration(s).
Proposal 8: 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 9: 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 10: 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 11: 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 12: 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
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