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Introduction
The WID on Rel-18 network energy saving holds the following objectives [1]:
	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.


Some progress has been made last meeting with the following agreed:
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.

The 38.331 rapporteur summarized the open issues in Cell DTX/DRX as follows: 
	1. Cell DTX/DRX
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.
Based on the following agreement:
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)
Issue 1-5: Whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX.
Based on the following agreement: 
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
Issue 1-6: Whether standalone cell DRX is needed.
If the start offset is decided to be the same and based on the following agreement:
Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
The rapporteur’s understanding is that we can remove the explicit cell DRX configuration and rely on 1 bit in the cell DTX config to signal whether cell DRX is configured simultaneously or not.
Issue 1-7: Whether the fields in cellDTX-config should be optional or mandatory.
Issue 1-8: Consider a simplification of cell DTX/DRX RRC configuration IE once issues 1-5, 1-6 and 1-7 are resolved.
Issue 1-9: Whether to capture in RRC that the focus was on the case where cell DTX in RRC can only be configured when C-DRX is configured.
Issue 1-10: Whether we specify impact to the dual C-DRX case (SCell with different onDuration/inactivity timers).
This is only applicable to secondary DRX configuration in the CA scenario.
Issue 1-11: Whether multiple configurations of cell DTX or DRX will be supported.
The current design assumes a single configuration of cell DTX/DRX. We should decide on the FFS from RAN2#121:
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.  
Issue 1-12: Whether to change cellBarredNES to a single ENUM value




The 38.321 rapporteur summarized the open issues in cell DTX/DRX as follows:

	
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.
Issue 8: Capturing R1’s agreement on MAC CE to indicate spatial domain sub-configuration.




Per Cell vs Per MAC entity
The big open issue in the RRC discussion was whether the cell DTX/DRX activation should be per MAC entity or per serving cell. To assess this, it is important to recall that PDCCH blind decoding is performed per MAC entity by searching for a decodable PDCCH occasion within the CORESET. This mechanism has been one of the 5G basic pillars for all previous releases, and design of different features (e.g., UE power savings) have tried to design around this basic concept by only allowing the UE to be configured with two DRX groups for different frequency ranges. Given that blind decoding is a big source power consumption and complexity at the UE, we would emphasize that a per-Cell DTX/DRX configuration implies varying PDCCH occasions over carrier over time, which would go against several generations of UE implementations. Furthermore, a per-cell configuration would need the UEs to define the capability per Band Combination which would lead to fragmentation and further difficulty of applying the feature across cells across UE vendors.
Observation 1: Per-cell DTX/DRX would effectively make PDCCH decoding occasions per-carrier, which is big change to the current per-MAC entity well-established PDCCH decoding procedure. Furthermore, the cell DTX/DRX capability would have to be per Band Combination which would lead to fragmentation and more implementation difficulty.
Regarding the utility of a per-cell DTX/DRX configuration, it also doesn’t seem like there is a realistic use case that requires that. Recall from the SI phase cell DTX/DRX targets networks that are 10-30% loaded and do not need to use 100% of their temporal capacity. It is worth noting out that if the UE is configured with CA, it doesn’t make sense for both carriers to be 10-30% loaded while still attempting to boost the UE throughput via CA. This would be a wasteful configuration for both the UE and the NW, and thus, using this scenario to motivate a big change in PDCCH decoding is not well motivated at all.
Observation 2: There is no use case that requires the UE to be configured with CA if both carriers are lightly loaded to the extent of performing cell DTX/DRX.
Given that we think that Cell DTX/DRX framework should be only configured on-top of UE C-DRX, then the Cell DTX/DRX should also be configured per MAC entity. In our view, all the flexibility needed can be obtained from Scell activation/deactivation procedure as well as per-cell pattern activation. However, if FR1 and FR2 share a MAC entity, cell DTX/DRX can also be per C-DRX group, i.e., the Cell can belong to one of two possible configurations.
Proposal 1: Cell DTX/DRX is configured on top of C-DRX. RAN2 to decide between the following two options:
· Option 1: Single Cell DTX/DRX configuration per MAC entity. 
· Option 2: Single Cell DTX/DRX configuration per C-DRX group. 
Activation State & Activation Signalling
Last meeting, RAN1 has agreed on the following: 
	From RAN1 point of view, DCI format 2_X supports activation/deactivation of cell DTX/DRX configuration of multiple serving cells and support activation/deactivation per cell
· UE monitor DCI format 2_X in one serving cell



RAN2 has mostly followed that into the following agreement:
Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
In our view, the agreement in its current form is too general and does allow for somewhat strange patterns across serving cells. In particular, due to considerations of cross-carrier scheduling, RLM, PUCCH transmissions, we think it is important to have the following restriction.
Proposal 2:  An Scell cannot activate a cell DTX/DRX pattern unless it is activated for the Pcell of the cell group. Scell cell DTX/DRX active time must be contained in Pcell active time. 
Another issue that should be discussed is the activation signalling. Currently, RAN1 is designing DCI2_X. However, the CDRX pattern configuration and decoding occasions should be RAN2 purview. There are a couple of concerns wrt to L1 (de)activation. 
Observation 3: The following needs to be discussed in RAN2:
· Interplay between CDRX and DCI2_X
· How quickly can MAC apply (de)activation L1 signal?
For the first point, it is important to ensure that the UE is not expected to wake up from an OFF period to decode GC-DCI due to UE power considerations. Since the periodicity of C-DRX can be much higher than the Cell DTX/DRX periodicity, we want to avoid a situation where the UE needs to decode GC-DCI according to the cell DTX/DRX periodicity which can change multiple times between UE ON durations. 
On the second point, recall that the MAC events run with a coarser granularity than L1 signalling. By the time the UE decodes PDCCH, there may be other MAC events scheduled wrt HARQ retransmissions for example. To this end, we think that there should be a clear understanding in the MAC spec. on how fast the cell DTX/DRX (de)activation would be applied upon receiving the DCI. 
Proposal 3:  UE is not expected to decode Cell DTX/DRX (de)activation DCI outside of its active time. A (de)activation signal at the UE applies from the start of the next Cell DTX/DRX active time. 
Alignment Considerations
UE CDRX and Cell DTX
Last meeting the following was agreed:
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)

This has started a side discussion in the 38.300 and 38.331 running CR on whether anything should be captured in stage 3 and how. First, we would like to separate the alignment agreements into two sub-cases:
Case 1: UE C-DRX periodicity is an integer multiple of Cell DTX periodicity. 
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Description automatically generated]This case is well understood and has been discussed a lot in RAN2. 

Case 2: Cell DTX Periodicity in an integer multiple of UE C-DRX periodicity
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This is a new case that needs a little bit more thinking. Note that RAN2 has agreed that:
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. 
Inspecting C-DRX configuration ON duration timer and cycle length in the RRC spec:
DRX-Config ::=                      SEQUENCE {
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
 
spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
Most of the values available would actually not guarantee a partial overlap with the C-DRX ON duration all the time, in fact other than the configurations where the ON duration and cycle length are very close in value, partial overlap is not possible.
Observation 4: Partial overlap cannot be achieved when Cell DTX Periodicity in an integer multiple of UE C-DRX periodicity except for very limited cases with limited NES gains. 
An illustrative example given below with P=2, and ON duration configured to be half of the cycle length:
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Proposal 4: RAN2 to discuss between the following two options for the case when Cell DTX Periodicity in an integer multiple of UE C-DRX periodicity:
· Only configurations that guarantee partial overlap are valid. 
· Configurations that don’t guarantee partial overlap are valid, the UE does not start DRX long cycle in non-overlapped ON duration occasions. 
On the FFS above, we want to emphasize that specifying the alignment between Cell DTX/DRX and UE CDRX is very explicitly mentioned in the WID. Given that it was agreed that alignment is done via binding of periodicities between cell DTX and UE CDRX and that UE implementations of PDCCH blind decoding need to account for all allowed configurations. It would be crucial to guarantee that this periodicity rule is followed, i.e., configurations without this property are disallowed, otherwise, PDCCH decoding implementation must adapt to allow a varying search space per DRX cycle, which is a big change to existing implementations and should be avoided.
Proposal 5: The rule that the Cell DTX cycle periodicity is an integer multiple of C-DRX long cycle periodicity, or vice versa, is part of the stage 3 Cell DTX configuration. The Cell DTX periodicity field values are relative integer multiples P of C-DRX long cycles, not absolute millisecond values. 
Cell DTX and Cell DRX
We currently have the following open issue
	Issue 1-5: Whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX.
Based on the following agreement: 
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


From our point of view, different start offsets are not needed at all. Effectively, the UE would have an implicit “start offset” for Cell DRX depending on the SR and CG configurations. A start offset would only target the case where there is an SR or CG configuration between the start time of Cell DTX and Cell DRX, which in our view is a scenario we shouldn’t optimize for. 
Proposal 6: Start offset is common between Cell DTX and Cell DRX when both are configured.  
Multiple Cell DTX/DRX configuration and C-DRX switching.
Two suggestions were made to add flexibility to the Cell DTX/DRX configuration:
· Multiple cell DTX/DRX configurations that the UE can switch between via L1 GC-DCI
· An automatic changing of UE C-DRX configuration upon receiving GC-DCI
To us, those proposals are very similar and in general there are two concerns here:
· A missed GC-DCI becomes much more expensive since the UE would be missing a command to essentially change the C-DRX configuration. This may lead the UE and gNB to go out of sync on what is the PDCCH search space at the UE, which may lead to RLF.
· C-DRX is part of the MAC state machine and follows the MAC timing. Changing C-DRX configurations via L1 needs a lot of careful work on all the pending MAC procedures in the immediate aftermath of receiving GC-DCI. 
Observation 5: GC-DCI may be missed by the UE and is inherently unreliable, thus, RAN2 should not make it convey too much information to the UE to avoid the UE and gNB going out of sync. 
Proposal 7: Multiple cell DTX/DRX configurations and/or multiple C-DRX configurations with L1 switching are not supported.  
Conclusion
Observation 1: Per-cell DTX/DRX would effectively make PDCCH decoding occasions per-carrier, which is big change to the current per-MAC entity well-established PDCCH decoding procedure. Furthermore, the cell DTX/DRX capability would have to be per Band Combination which would lead to fragmentation and more implementation difficulty.
Observation 2: There is no use case that requires the UE to be configured with CA if both carriers are lightly loaded to the extent of performing cell DTX/DRX.
Proposal 1: Cell DTX/DRX is configured on top of C-DRX. RAN2 to decide between the following two options:
· Option 1: Single Cell DTX/DRX configuration per MAC entity. 
· Option 2: Single Cell DTX/DRX configuration per C-DRX group. 
Proposal 2:  An Scell cannot activate a cell DTX/DRX pattern unless it is activated for the Pcell of the cell group. Scell cell DTX/DRX active time must be contained in Pcell active time. 
Observation 3: The following needs to be discussed in RAN2:
· Interplay between CDRX and DCI2_X
· How quickly can MAC apply (de)activation L1 signal?
Proposal 3:  UE is not expected to decode Cell DTX/DRX (de)activation DCI outside of its active time. A (de)activation signal at the UE applies from the start of the next Cell DTX/DRX active time. 
Observation 4: Partial overlap cannot be achieved when Cell DTX Periodicity in an integer multiple of UE C-DRX periodicity except for very limited cases with limited NES gains. 
Proposal 4: RAN2 to discuss between the following two options for the case when Cell DTX Periodicity in an integer multiple of UE C-DRX periodicity:
· Only configurations that guarantee partial overlap are valid. 
· Configurations that don’t guarantee partial overlap are valid, the UE does not start DRX long cycle in non-overlapped ON duration occasions. 
Proposal 5: The rule that the Cell DTX cycle periodicity is an integer multiple of C-DRX long cycle periodicity, or vice versa, is part of the stage 3 Cell DTX configuration. The Cell DTX periodicity field values are relative integer multiples P of C-DRX long cycles, not absolute millisecond values. 
Observation 5: GC-DCI may be missed by the UE and is inherently unreliable, thus, RAN2 should not make it convey too much information to the UE to avoid the UE and gNB going out of sync. 
Proposal 7: Multiple cell DTX/DRX configurations and/or multiple C-DRX configurations with L1 switching are not supported.  
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