3GPP TSG RAN WG1 #113			                  R1-2305144
Incheon, Korea, May 22th – May 26th, 2023

Agenda Item:	9.7.2
Source: 	LG Electronics
Title: 	Discussion on cell DTX/DRX mechanism
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN#98-e, a new WI [1] of network energy savings for NR was approved, and one of WID objectives is related to cell DTX/DRX mechanism as shown below.
	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 contribution, we discuss and provide our views on cell DTX/DRX mechanism for network energy savings (NES).

2. Cell DTX/DRX mechanism
2.1. Signaling aspects of Cell DTX/DRX
It was agreed by RAN2 that cell DTX/DRX configuration with periodicity, start slot/offset, and on-duration is configured to UE by UE-specific RRC signalling. In addition, similar to Type 1 configured grant, it was agreed to be activated when cell DTX/DRX was configured by RRC signaling and deactivated when released. 
	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.
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


Meanwhile, LS [3] was sent from RAN2 to RAN1 by the majority of companies that thought there was an advantage in Cell DTX/DRX activation/deactivation by L1 signaling. In accordance with this RAN2 input, it was agreed to study the L1 signaling design, including activation/deactivation of the single-cell DTX/DRX configuration in RAN1#112b-e meeting [4].
Similar to Type 2 configured grant, if Cell DTX/DRX activation/deactivation by L1 signaling (UE-specific DCI or group-common DCI) is supported, it can be dynamically adapted the Cell DTX/DRX configuration/(de)activation according to the situation (such as traffic) of the cell since some of the configuration parameters can be indicated through DCI. On the other hand, unlike Type 2 configured grant, which is activated/deactivated for each UE, Cell DTX/DRX configuration is commonly applied to all UEs in the cell, so activating/deactivating by group-common DCI rather than UE-specific DCI is an advantage in terms of signaling overhead. 
For potential reliability issues that may arise from UE not receiving group-common DCI correctly, it can be mitigated by sending HARQ-ACK feedback (e.g., NACK-only) when UE receives (de)activation DCI. Regarding a reference time for activation/deactivation of cell DTX/DRX, the absolute or relative time offset value can be configured together with Cell DTX/DRX configuration or can be indicated directly by activation DCI. In the case of absolute time offset, a specific SFN (e.g., SFN=0) can be used as a reference time, and in the case of relative time offset, the time when the (de)activation DCI is received can be used as a reference time, indicating when to start/apply the Cell DTX/DRX configuration.
The timer or validity duration can be included in Cell DTX/DRX configuration or can be directly indicated by group-common DCI. The Cell DTX/DRX configuration can be activated and applied only when the timer is running or only in the validity duration, and can be automatically deactivated when the timer is expired or the validity duration is ended. Furthermore, if multiple cell DTX/DRX configurations are introduced according to the RAN2 discussion, it can be considered that the length of the ON/OFF duration of Cell DTX/DRX configuration is dynamically adjusted through switching between cell DTX/DRX configurations with group-common DCI or automatically switched by configuring a timer or validity duration for each cell DTX/DRX configuration.

[bookmark: _GoBack]Proposal #1: Regarding the L1 signaling for enhancing Cell DTX/DRX, the following aspects can be considered:
· The group-common DCI can be supported to activate/deactivate the Cell DTX/DRX configuration to reduce signaling overhead.
· The NACK-only feedback can be considered to mitigate the potential reliability issues that may be caused by UE not receiving group-common DCI correctly.
· The absolute or relative time offset can be used as a reference time for UE to determine when to start/apply the Cell DTX/DRX configuration.
· If the absolute time is used as a reference time, UE starts/applies the corresponding Cell DTX/DRX configuration from a specific SFN based on pre-configuration after it receives the DCI.
· If the relative time is used as a reference time, UE starts/applies the corresponding Cell DTX/DRX configuration X slots (where value of X can be configured/indicated) after it receives the DCI.

2.2. Signals/channels impacted by Cell DTX/DRX
In RAN1#112b-e meeting [4], the set of candidate signals/channels that UE may be expected to not transmit or receive during non-active periods of cell DRX/DTX were agreed for further discussion in RAN1. In this section, we examine the signals/channels that can be turned off in the Cell DTX/DRX non-active period, and the impacts and potential solutions of when they are actually turned off for network energy saving.
	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
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

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). 


The Cell DTX/DRX time-domain pattern consisting of active time and inactive time can be preconfigured to UEs and activated through dynamic indication (e.g., group-common DCI). In addition, the UE behaviour during the inactive time of Cell DTX/DRX configuration can be also (pre)configured or indicated, for example, gNB can configure to turn off its dynamic data transmission/reception (i.e., dynamically scheduled PDSCH and PUSCH) during Cell DTX/DRX inactive time (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS). As another example, gNB can configure to turn off all transmission and reception for data traffic during Cell DTX/DRX non-active periods except for the reference signals (e.g., SSB and CSI-RS) and SR/RACH. Furthermore, these Cell DTX/DRX behaviours during inactive time can be also applied to the ON/OFF duration of UE C-DRX. 
From the perspective of performance and energy saving gain, it would be beneficial for gNB to control whether to transmit/receive in the inactive period for each channel/signal. For example, depending on the number of UEs that are connected mode in the cell, gNB can possibly configure whether to transmit/receive in the inactive period for each signal/channel. In other words, it is possible to maximize energy saving by turning off transmission/reception of almost all DL/UL signals/channels during times when there are not many connected mode UEs such as in the middle of the night. On the other hand, if the number of UEs is large or the traffic load is high, transmission and reception for only a few signals/channels can be turned off during the inactive period.

Proposal #2: For network energy saving, a signal/channel to be turned off from the Cell DTX/DRX non-active period can be configured for each signal/channel.

In the case of P/SP CSI-RS, it is necessary to separately consider CSI-RS for CQI (channel quality indicator) acquisition and CSI-RS for BFR (beam failure recovery)/RRM (radio resource management)/RLM (radio link monitoring). In the case of CSI-RS for CQI acquisition, since it is used to adjust the modulation and coding scheme (MCS) to be used for DL transmission according to channel quality, it may be degraded due to incorrect MCS selection, but it may not be fatal.
However, if the CSI-RS for BFR/RRM/RLM is not transmitted in the Cell DTX non-active period, the BFR/RRM/RLM operation based on it may have a fatal problem, for example, repeated beam failure detection and recovery request transmission if the non-active period is relatively long. As a result, the gNB can separately configure/indicate the RS signals to be monitored for each time period, for example, in the Cell DTX inactive period, SSB can be configured to be used for BFR/RRM/RLM while CSI-RS is configured in Cell DTX active period. In another way, parameters related to performing BFR/RRM/RLM can be configured by relaxation (e.g., by temporarily holding the beamFailureDetectionTimer value, increasing the maximum value in the non-active period, or adjusting Q_in and/or Q_out values).
In the case of SPS-PDSCH, it was agreed in RAN2 that UE doesn’t monitor SPS occasions during Cell DTX non-active period and gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period as a baseline. Therefore, from RAN1 perspective, the HARQ-ACK PUCCH for SPS-PDSCH can be turn-off together automatically if the SPS-PDSCH is turn-off in the Cell DTX inactive period. However, it may be necessary to discuss whether or not to allow PUCCH transmission for SPS-PDSCH received just before the non-active period. 
In the case of SR transmission, it was also agreed that UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period. However, it may be necessary to discuss whether to allow transmission in the Cell DTX non-active period. If PDCCH scrambled with C-RNTI is turned off in the Cell DTX non-active period, even if the gNB receives the SR transmitted by the UE, it may not be able to transmit PDDCH in response. Therefore, if SR transmission is allowed in the Cell DTX non-active period, PDCCH transmission can be temporarily allowed after SR is transmitted in Cell DTX non-active period. In addition, if the UE transmits SR, PUSCH can be scheduled through UL grant, and SRS may be required to obtain UL channel information. Therefore, periodic/semi-persistent-SRS can be transmitted even if periodic/semi-persistent-SRS is configured to be turned off in the Cell DTX (or Cell DRX) non-active period. 
Furthermore, if the UE transmits RACH for BFRQ (beam failure recovery request), PDCCH transmission can be allowed even if PDCCH scrambled with UE specific RNTI is configured to be turned off in the Cell DTX non-active period as an exception.

Proposal #3: The impacts and potential solutions should be considered for each signal/channel that can be turned off in the Cell DTX/DRX non-active period for network energy saving.
· For CSI-RS, if CSI-RS for RLM/beam failure can be turned off during Cell DTX/DRX non-active period, depending on the active or non-active period, different procedures can be considered in terms of RLM/BFD-RS determination, timer/counter related behaviors, or Q_in/Q_out adjustment.
· For SPS-PDSCH, it may be necessary to discuss whether or not to allow PUCCH transmission for SPS-PDSCH received just before the non-active period when HARQ-ACK PUCCH for SPS-PDSCH can be turn-off together automatically if the SPS-PDSCH is turn-off in the Cell DTX inactive period.
· For SR transmission, it may be necessary to discuss whether to allow transmission in the Cell DTX non-active period. If SR transmission is allowed in the Cell DTX non-active period, PDCCH transmission can be temporarily allowed after SR is transmitted in Cell DTX non-active period. 
· For SRS transmission, if the UE transmits SR, periodic/semi-persistent-SRS can be transmitted even if periodic/semi-persistent-SRS is configured to be turned off in the Cell DTX (or Cell DRX) non-active period to obtain UL channel information.
· For PDCCH transmission, if the UE transmits RACH for BFRQ (beam failure recovery request), PDCCH transmission can be allowed even if PDCCH scrambled with UE specific RNTI is configured to be turned off in the Cell DTX non-active period as an exception.

2.3. Interaction between Cell DTX/DRX with legacy operations
	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.


In this section, we provide our view on the interaction between Cell DTX/DRX with legacy operations. 
For the HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted. For instance, Type-1 HARQ-ACK codebook or SPS HARQ codebook can be constructed with serving cell(s) where at least one (SPS) PDSCH is received during Cell DTX active period.
In the case of PUCCH deferral, the legacy framework can be reused as much as possible. In legacy PUCCH deferral operation, the deferred PUCCH transmission is only performed in valid UL symbols/slots (i.e., except for semi-static DL symbols, the symbols which SSB is transmitted). Therefore, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration.
In the case of handling of signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period.
In addition, considering that Cell DTX/DRX configurations can be configured by cell or group of cells, how to handle the case where multiple cells with or without Cell DTX/DRX configurations are mixed for CA (carrier aggregation) or DC (dual connectivity) scenarios should be considered. For example, when a PCell enters the Cell DRX inactive period, handling of PDCCH monitoring, PUCCH transmission, or CSI reporting for/on other cells (e.g., SCell) related to the PCell may be required.
Furthermore, Cell DTX/DRX configuration and the UE C-DRX configuration can be applied simultaneously to the connected mode UE in the cell. In this case, it may be necessary to define the UE behaviours for each time interval (a combination of the active/inactive time of Cell DTX/DRX and the ON/OFF duration of UE-DRX). For example, a UE may perform PDCCH reception only during a time interval in which the active time in a cell DTX/DRX configuration and the ON duration in a UE C-DRX configuration intersect.

Proposal #4: The following handlings should be discussed considering the interaction between Cell DTX/DRX with legacy operations.
· For HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted.
· For PUCCH deferral, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration.
· In the case of handling of signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period.
· Considering that Cell DTX/DRX configurations can be configured by cell or group of cells, how to handle the case where multiple cells with or without Cell DTX/DRX configurations are mixed for CA (carrier aggregation) or DC (dual connectivity) scenarios should be considered.

3. Conclusions
In this contribution, Cell DTX/DRX mechanism were discussed, and the followings were proposed.
Proposal #1: Regarding the L1 signaling for enhancing Cell DTX/DRX, the following aspects can be considered:
· The group-common DCI can be supported to activate/deactivate the Cell DTX/DRX configuration to reduce signaling overhead.
· The NACK-only feedback can be considered to mitigate the potential reliability issues that may be caused by UE not receiving group-common DCI correctly.
· The absolute or relative time offset can be used as a reference time for UE to determine when to start/apply the Cell DTX/DRX configuration.
· If the absolute time is used as a reference time, UE starts/applies the corresponding Cell DTX/DRX configuration from a specific SFN based on pre-configuration after it receives the DCI.
· If the relative time is used as a reference time, UE starts/applies the corresponding Cell DTX/DRX configuration X slots (where value of X can be configured/indicated) after it receives the DCI.
Proposal #2: For network energy saving, a signal/channel to be turned off from the Cell DTX/DRX non-active period can be configured for each signal/channel.
Proposal #3: The impacts and potential solutions should be considered for each signal/channel that can be turned off in the Cell DTX/DRX non-active period for network energy saving.
· For CSI-RS, if CSI-RS for RLM/beam failure can be turned off during Cell DTX/DRX non-active period, depending on the active or non-active period, different procedures can be considered in terms of RLM/BFD-RS determination, timer/counter related behaviors, or Q_in/Q_out adjustment.
· For SPS-PDSCH, it may be necessary to discuss whether or not to allow PUCCH transmission for SPS-PDSCH received just before the non-active period when HARQ-ACK PUCCH for SPS-PDSCH can be turn-off together automatically if the SPS-PDSCH is turn-off in the Cell DTX inactive period.
· For SR transmission, it may be necessary to discuss whether to allow transmission in the Cell DTX non-active period. If SR transmission is allowed in the Cell DTX non-active period, PDCCH transmission can be temporarily allowed after SR is transmitted in Cell DTX non-active period. 
· For SRS transmission, if the UE transmits SR, periodic/semi-persistent-SRS can be transmitted even if periodic/semi-persistent-SRS is configured to be turned off in the Cell DTX (or Cell DRX) non-active period to obtain UL channel information.
· For PDCCH transmission, if the UE transmits RACH for BFRQ (beam failure recovery request), PDCCH transmission can be allowed even if PDCCH scrambled with UE specific RNTI is configured to be turned off in the Cell DTX non-active period as an exception.
Proposal #4: The following handlings should be discussed considering the interaction between Cell DTX/DRX with legacy operations.
· For HARQ-ACK codebook generation, considering that (SPS) PDSCH may not be received by UE during Cell DTX non-active period, the HARQ-ACK corresponding to (SPS) PDSCH overlapping Cell DTX inactive period can also be omitted.
· For PUCCH deferral, if the PUCCH transmission corresponding to SPS PDSCH is not allowed during Cell DRX non-active period, the PUCCH transmission corresponding to SPS PDSCH that would be transmitted during Cell DRX non-active period can be deferred until the active period of Cell DRX, with consideration of the configured maximum defer duration.
· In the case of handling of signals/channels (e.g., PDCCH/PDSCH/CSI-RS/PUCCH/PUSCH/SRS) that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX, if the resources of signals/channels are included in or partially overlapped with the Cell DTX/DRX inactive period, the resource may skip or defer transmission or reception until the end of the inactive period.
· Considering that Cell DTX/DRX configurations can be configured by cell or group of cells, how to handle the case where multiple cells with or without Cell DTX/DRX configurations are mixed for CA (carrier aggregation) or DC (dual connectivity) scenarios should be considered.
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