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Introduction
During the first three meetings of the R18 NR NES work item [1], agreements on cell DTX and cell DRX were made, captured in the Appendix. The following MAC open issues were identified in [3]:
· Issue 1: How RRC-based activation works when L1-based cell DTX/DRX activation is configured.
· Issue 2: Whether a configured grant can be delivered to the HARQ entity before cell DRX activation.
· Issue 3: whether to allow CG bundle transmission if only a part of a bundle overlaps with cell DRX Active Period.
· Issue 4: whether to support multiple cell DTX/DRX pattern configurations.
· Issue 5: whether there is a need to capture the activation processing delay after reception of an activation idnication or rely on TS 38.213 to provide the indication to higher layers timely.
· Issue 6: Whether to allow configuring per SR configuration with whether SR can be transmitted during Cell DRX non-active period.
· Issue 7: Any other impact on MAC timers.

Further, from an RRC perspective, the following open issues were identified:
Issue 1-1: Configuration of cell DTX/DRX per serving cell vs per MAC entity.
Issue 1-2: Explicit vs implicit activation based on RRC and relation to L1 activation (how UE derives NW L1 capability and is there a need of explicit RRC indication that the NW will use L1).
Issue 1-3: Is deactivation by RRC performed only by deconfiguration, or should we have an explicit RRC deactivation without deconfiguration option (to later activate the same configuration by RRC).
Issue 1-4: Is the stage 3 alignment description needed.
Issue 1-5: Whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX.
Issue 1-10: Whether we specify impact to the dual C-DRX case (SCell with different onDuration/inactivity timers).
This contribution discusses some of the open issues on Cell DTX/DRX that need to be addressed.
Discussion

Issue 1: How RRC-based activation works when L1-based cell DTX/DRX activation is configured.
Issue 1-2: Explicit vs implicit activation based on RRC and relation to L1 activation (how UE derives NW L1 capability and is there a need of explicit RRC indication that the NW will use L1).
RAN2 agreed in 121bis to the following: 
“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”
Further, RAN1#114 agreed that:
Agreement
· An information block field of DCI format 2_X is variable size either 1 or 2 bits.
· Higher layer signaling configures whether the activation/deactivation of cell DTX and/or cell DRX is indicated in DCI format 2_X for a serving cell.
· If both cell DTX and cell DRX are configured for a serving cell, 
· 1st bit corresponds to activation/deactivation of cell DTX configuration, and
· 2nd bit corresponds to activation/deactivation of cell DRX configuration, 
· otherwise, the 1 bit corresponds to the configured cell DTX or cell DRX configuration.
· Note: this does not imply there may be separate higher layer signaling to enable L1 signaling based activation/deactivation for a cell DTX and/or cell DRX configuration. Signaling design is up to RAN2.

One issue that was discussed in the running CR email discussion [3] is default activation/deactivation status if Cell DTX/DRX is configured but no L1 signalling is received though configured. The following alternatives were mentioned:
· Alt-1: Activation is default status: 
· Immediate activation if cell DTX is configured, which is more aligned with the R2 early agreement for a baseline.
· if NW don't want Cell DTX/DRX to work immediately, it needs to explicitly send a DCI with deactivation to the UE.
· Alt-2: Deactivation is default status:
· The UE regards Cell DTX/DRX as deactivated only after a DCI with activation is received.
· Can be useful if gNB intends to activate cell DTX by L1 signalling but it has not sent L1 activation indication yet (e.g. due to loading consideration).

This issue was initially discussed in R2 before R1 confirmed that L1 activation. Since companies were not sure, a baseline of implicit activation was agreed immediately after reception of the RRC configuration. With DCI format for L1-based cell DTX/DRX activation is configured, the network may wish to provide the configuration of cell DTX/DRX parameters before activating cell DTX/DRX. With this in mind, it can be beneficial to configure the default activation status “activated” or “deactivated” when configured cell DTX or cell DRX.
Proposal 1: 	RRC configures the default activation status “activated” or “deactivated” when configured cell DTX or cell DRX, e.g. when DCI format for L1-based cell DTX/DRX activation is also configured.
Issue 1-3: Is deactivation by RRC performed only by deconfiguration, or should we have an explicit RRC deactivation without deconfiguration option (to later activate the same configuration by RRC).
For deactivation, there is no need to optimize it further. If cell DTX/DRX is not configured, then all parameters are released and the cell DTX/DRX is considered deactivated, as captured in the MAC running CR. This should be sufficient, and there should be no need for additional explicit RRC deactivation without deconfiguration cell DTX/DRX.
Proposal 2: 	No need for additional explicit RRC deactivation without deconfiguration cell DTX/DRX.

Issue 2: Whether a configured grant can be delivered to the HARQ entity before cell DRX activation
In discussion [2], companies were no clear about whether a configured grant can be delivered to the HARQ entity before cell DRX activation. The draft running CR thus captures the following editor’s note:
Editor’s note: TBC whether a configured grant can be delivered to the HARQ entity before cell DRX activation is received and any associated impacts.
There are two cases where the CG can be delivered to the HARQ entity before cell DRX activation:
· the configured grant can be delivered to the HARQ entity before cell DRX activation is received; there may be a long duration between DRX configured and L1 signalling received. 
· The CG can also be configured after L1 cell DRX deactivation is received then L1 activation is received after that.
Therefore, the UE shall not obtain the MAC PDU to transmit from the Multiplexing and assembly entity for a configured uplink grant; If such step is not taken, the UE starts the ConfiguredGrantTimer and/or cg-RetransmissionTimer, which can be problematic for HARQ process management if no TB is transmitted.
Proposal 3: 	if cell DRX is activated and the cell is not in the cell DRX active period, the UE shall not obtain the MAC PDU to transmit from the multiplexing and assembly entity for a configured uplink grant.
Issue 3: whether to allow CG bundle transmission if only a part of a bundle overlaps with cell DRX Active Period.
In the draft running MAC CR [3], the UE doesn’t deliver the CG to the HARQ entity if the CG is not in the Active Period. For bundled CG transmissions, one possibility is that the UE transmits only a subset of the repetitions that do not overlap with non-active period, while another possibility is the UE transmits the repetition bundle only if the whole bundle falls within the active period. So far, the R2 agreement on not transmitting on CG during non-active period was general for all transmissions and did not differentiate between repetitions and non-repetitions.
From a HARQ and channel coding perspective, it’s important that the RV0 is included in the transmission bundle, as it has more systematic bits. Therefore, a CG bundle is transmitted only if the whole bundle overlaps with cell DRX Active Period.
Proposal 4: 	When cell DRX is activated, CG bundle is transmitted only if the whole bundle overlaps with cell DRX Active Period.

Issue 4: whether to support multiple cell DTX/DRX pattern configurations.
RAN2 agreed to support at least a single cell DTX/DRX configuration, and it’s FFS whether multiple configurations of cell DTX or DRX will be supported. This FFS is discussed in previous email discussions, and companies were split about whether to support it. 
On one hand, multiple configurations allow different sleep periodicities which can be beneficial for the network at different cell load levels. On the other hand, supporting only single configuration is simpler from the perspective of aligning with C-DRX, and the network can always reconfigure it if needed. If multiple configurations are supported, only one configuration per serving cell should be active at a given time. If a simple way to support is possible, it should be feasible to add in R18. Most of the burden is on RAN1’s activation indication design. If not possible, this can be left for future releases.
Proposal 5: 	Only a single cell DTX/DRX can be configured in R18.

Issue 5: whether there is a need to capture the activation processing delay after reception of an activation idnication or rely on TS 38.213 to provide the indication to higher layers timely.
Whether RAN1’s agreement on (de)-activation timing/delay needs to be reflected in TS 38.321. One understanding is that L1 indicates the (de)activation indication timely to MAC after the processing delay, and this delay is transparent to upper layers. Another understanding is L1 indicates (de)activation first, then L2 apply the indication after the delay. This issue can depend on how this indication is specified/modelled in TS 38.213.
Physical layer processing delays for L1 signalling is typically not captured in L2 specifications. It is therefore better to leave such processing delay to be captured in TS 38.213.
Proposal 6: 	L1 (de)-activation processing delay is transparent to upper layers.

Issue 6: SR transmission during the cell DRX non-active period
One FFS from RAN2#121bis is “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 support high priority traffic”. The issue was discussed further offline during RAN2#122 with the assumption that cell DRX periodicities won’t be too long for the purpose of emergency calls and low latency QoS attainment. However, per the proposal in the pre-meeting email discussion [4], the cell DRX periods can be configured with a duration up to 10 seconds, which is a large considerable delay.
SR resources can be dedicated and configured on a per UE basis. For each SR configuration, the UE can be configured with a one or more LCH to map to such resource. Therefore, configuring whether SR can be transmitted during the non-active period per SR configurations allows the UE to report data arrival for a subset of LCHs, where data latency might be more critical. 
Proposal 7: 	The UE is configured per SR configuration with whether SR can be transmitted during Cell DRX non-active periods.
Issue 1-1: Configuration of cell DTX/DRX per serving cell vs per MAC entity.
This issue is discussed in the pre-meeting email discussion. PDCCH is monitored per C-DRX anyway, which is configured per MAC entity/DRX group. All serving cells thus have the same cell DTX/DRX pattern to align with the one C-DRX configuration. This would simplify the UE implementation perspective, as there is no need to redefine a new way for PDCCH monitoring at carrier-level granularity and instead we rely on C-DRX mechanism. It is likely anyway that the NW configures similar patterns across cells in the same C-DRX group and deactivate SCells at low load.
Proposal 8: 	Cell DTX/DRX is configured per MAC entity.
Issue 1-4: Is the stage 3 alignment description needed.
Alignment between cell DTX and C-DRX is sufficiently captured in stage 2. Alignment is anyway a network configuration task, per the agreement from R2#123: “The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification”.
Proposal 9: 	No stage 3 description is needed for the alignment between UE C-DRX on-duration and cell DTX/DRX on-duration.
Issue 1-5: Whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX.
Whether cell DRX and cell DTX patterns start exactly at the same time or not should be left for network configuration. The network may want to stagger the start of the patters, e.g. to allow some time for HARQ feedback to be received after the cell DTX on duration expires.
Proposal 10: 	start offset (and slot offset) configuration can be configured not the same for cell DTX and cell DRX and can be left to network.
Issue 1-10: Whether we specify impact to the dual C-DRX case (SCell with different onDuration/inactivity timers).
This issue is dependent on the conclusion of issue 1-1 (Configuration of cell DTX/DRX per serving cell vs per MAC entity). If needed, it can be revisited after issue 1-1 is concluded.
Conclusion
This contribution discusses remaining open issues on Cell DTX/DRX. The following proposals are provided:
Proposal 1: 	RRC configures the default activation status “activated” or “deactivated” when configured cell DTX or cell DRX, e.g. when DCI format for L1-based cell DTX/DRX activation is also configured.
Proposal 2: 	No need for additional explicit RRC deactivation without deconfiguration cell DTX/DRX.
Proposal 3: 	if cell DRX is activated and the cell is not in the cell DRX active period, the UE shall not obtain the MAC PDU to transmit from the multiplexing and assembly entity for a configured uplink grant.
Proposal 4: 	When cell DRX is activated, CG bundle is transmitted only if the whole bundle overlaps with cell DRX Active Period.
Proposal 5: 	Only a single cell DTX/DRX can be configured in R18.
Proposal 6: 	L1 (de)-activation processing delay is transparent to upper layers.
Proposal 7: 	The UE is configured per SR configuration with whether SR can be transmitted during Cell DRX non-active periods.
Proposal 8: 	Cell DTX/DRX is configured per MAC entity.
Proposal 9: 	No stage 3 description is needed for the alignment between UE C-DRX on-duration and cell DTX/DRX on-duration.
Proposal 10: 	start offset (and slot offset) configuration can be configured not the same for cell DTX and cell DRX and can be left to network.
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Annex A: Agreements on Cell DTX/DRX
RAN2#121
Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

RAN2#121bis
Agreements 
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
1. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
1. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
1. 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. 
1. 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
1. 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
1. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
1. 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 support high priority traffic 
1. (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.  
1. 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

RAN2#122 
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.  

RAN2#123

Agreements:
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm 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.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.
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