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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. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.

2. Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.




Agreements on CP open issues:
1. Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
2. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
3. Standalone cell DRX configuration is possible to configure  
4. Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  


Agreements for MAC open issues:
1. The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.  


The 38.331 rapporteur summarized the open issues in Cell DTX/DRX as follows [3]: 
	Issue 1-13: Should cell DRX be added to the agreement: “We focus on the case where DTX in RRC can only be configured when C-DRX is configured”.
Issue 1-14: For cell barring resolve FFS “if other NES features need to be included only if legacy impact is found”. 
Rapporteur recommendation: Confirm no other features have legacy impact.
Issue 1-15: For cell barring resolve FFS “how we capture it in the CR in terms of wording”. 
Rapporteur recommendation: Refer to UE capability of cell DTX/DRX.
Issue 5-1: Implementation of the RAN1 parameter list.





The 38.321 rapporteur summarized the open issues in cell DTX/DRX as follows [4]:

	
Issue 1: whether to confirm the WA: 
· Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.
· if the WA is confirmed, how to capture that an emergency call is initiated in MAC specifications (for the purpose of triggering RACH)

Issue 2: whether the UE monitors PDCCH during the cell DTX non-active period following successful completion of RA (e.g. after a RA triggered by an emergency call, per the WA).
· Per comments under QC002

Issue 3: Whether to add NES-RNTI to the list of monitored RNTIs in section 4.7 (DRX)
· Per comments under M001, or we wait for RAN1.




Further Alignment Discussion
Cell DTX Across Serving Cells
The current agreement on cell DTX allows a “per-serving cell” configuration of patterns, however, it mandates some rules on the alignment across serving cells:
	3. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.


Absent from the current agreement, is any alignment rules between the ON-duration between cells. In our view, we should not have variability of PDCCH monitoring across serving cells that are in the same band, as this introduces too much complexity in the hardware. Note that in Rel-16 power savings, it was determined that PDCCH variability in monitoring can only happen over frequency ranges and that UE power saving can be sacrificed (by not tailoring the DRX patterns per-band or per-cell). In order to keep the complexity of UE manageable, we think a similar approach should be taken to tweak the alignment rules between the two configured patterns so as not to impose the burden of variability between patterns in the UE. 
Observation 1: Variability in ON-durations between serving cell patterns that are close in frequency complicate PDCCH monitoring and blind decoding at the UE due to possible per-occasion variability in PDCCH.

Proposal 1: RAN2 to discuss the following two options on ON-duration alignment between Cell DTX patterns:
· Option 1: ON duration is common for all serving cell DTX patterns in the same frequency range.
· Option 2: ON duration is common for all serving cell DTX patterns in the same frequency band. 
Standalone Cell DRX 
The following was agreed with respect to standalone Cell DRX:
1. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
2. Standalone cell DRX configuration is possible to configure  

However, during the RRC CR discussion, the following was identified as open issue:
	Issue 1-13: Should cell DRX be added to the agreement: “We focus on the case where DTX in RRC can only be configured when C-DRX is configured”.


 In our view, a standalone Cell DRX only works to suspend CG, SR from RAN2 point of view. Since both of these parameters are per-BWP, i.e., per-serving cell, the UE can look at the activation state of a specific serving cell and infer whether a CG/SR occasion is active is not. This has no critical dependence on C-DRX to be configured (although we think it should be for UE power savings), but from a standards pov, no further discussion is needed on standalone Cell DRX. 
Proposal 2: No further RAN2 work is needed to support standalone Cell DRX including UE C-DRX dependence. 
Activation States
Currently, the activation state in Cell DRX is per-cell and there are no requirements on alignment of activation state, i.e., any cell can be active/non-active independent from other cells. In our view, one pattern that should be avoided is the activation of an SCell with SpCell being in non-active period. This is to avoid impact to cross-carrier scheduling and RLM/RRM (e.g., based off CSI-RS). 
Proposal 3: The patterns that allow SCell to be in active period with Spcell/Pcell in non-active periods should be avoided. 
Monitoring NES-RNTI
RAN1 has introduced a new DCI2_9 and the associated NES-RNTI search space. There are some open discussions in RAN1/RAN2 on when NES-RNTI should be monitored. 
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It is expected that for a single UE, DCI2_9 occasions (which are a per-serving cell configuration common for all UEs in the cell) would occasionally occur outside of UE active time. For example, in the figure above, we take an example where UE C-DRX periodicity (cycle length) is double of that cell DTX. We assume the gNB broadcasts DCI2_9 every cell DTX active period, i.e., half of DCI2_9 occasions occur at the middle of UE off period. In this case, the UE would waste power if it tried to monitor those occasions between UE active times. Furthermore, if the UE CDRX periodicity was much higher (e.g., 5-10x) that of Cell DTX, UE would have to monitor two DCI2_9 occasions that carry complete redundant information as there is no UE C-DRX ON-Duration within these occasions. 
Observation 2: DCI2_9 occasions will be configured as a function of serving cell total load and may be much more frequent than UE ON-durations. 
To this end we think it is reasonable for the UE to only monitor DCI2_9 occasions that occur while the UE is already active with possible exception of WUS/DCP occasions that UEs configured with DCP-Config-r16 already monitors. 
Proposal 4: UE is not expected to monitor any extra PDCCH occasions for NES-RNTI outside of what the UE already monitors in the legacy spec. 
RACH Interruption of Cell DTX/DRX
Currently, RAN2 has made the following agreements regarding the impact of RACH on cell DTX/DRX:
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.
We also had the following WA last meeting:
	Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.



It is clear that RAN2 agreements have ensured that UE monitors PDCCH for Msg2/Msg4/MsgB. However, suppose the UE has performed RACH for BFR or an emergency call, which has deemed to be urgent by RAN2, there are no agreements for the UE to monitor PDCCH after receiving Msg 4/Msg B, for a CONNECTED UE, since Cell DTX/DRX configuration is neither deactivated nor released, it seems that the current spec. implies that the UE still waits for the next cell DTX/DRX active period to transmit and receive which renders this RACH for emergency call mechanism useless. 
Observation 3: A CONNECTED UE may perform RACH during nonactive period of cell DTX/DRX but no existing mechanism to transmit and receive after RACH during Cell DTX/DRX nonactive period.   
Proposal 5: UE implicitly deactivates Cell DTX/DRX configuration after RACH on a serving cell. 
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The current NES agreements and legacy behaviour mandate the following:
1. UE does not transmit SR nor trigger SR-RACH during cell DRX
2. UE monitors PDCCH after transmitting an SR until receiving a PDCCH
Consider the figure above. The UE transmits an SR during cell DRX/DTX active period, but the SR is missed by the gNB an no configured SR occasions are available until cell DTX/DRX non-active period. The UE is then mandated to monitor PDCCH for the whole Cell DTX/DRX non-active period (which can be fairly long) until the next available SR occasion in the next cell DTX/DRX active period. This is expensive for UE power as the UE unnecessarily monitors a long non-active period (this overrides any C-DRX behaviours too). 
Observation 4: A missed SR can be expensive to the UE power as it may lead to UE unnecessarily monitoring PDCCH during the whole cell DTX/DRX non-active period. 
To this end, one solution can be to optionally configure a maximum time an SR can be kept pending before triggering an SR-RACH to avoid the UE monitoring PDCCH unnecessarily for an extended period of time. 
Proposal 6: RAN2 to address the case where the UE must unnecessarily monitor PDCCH during the whole cell DTX/DRX non-active period after a missed SR.
Proposal 7: For SR that would be kept pending during cell DRX/DTX non-active period, a timer is configured by the gNB to control how long this SR can be kept pending before triggering SR-RACH. 
Application of DCI2_9 activation signalling
It is unclear in the current spec. how quickly the UE should apply activation signalling after decoding DCI2_9. RAN2 has touched on this topic only in the following agreement:
Agreements for MAC open issues:
2. The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.  

Thus, RAN2 has already assumed in our understanding a floor for activation delay that is somewhat reasonable. However, there are concerns about when exactly the UE starts applying the serving cell (de)activation rules especially for mixed numerology serving cells. To avoid having a lot of discussions on the slot granularity of the MAC spec., we suggest the following simple rule on application of DCI2_9:
Proposal 8: When the UE decodes DCI2_9 containing new cell DTX/DRX (de)activation information, RAN2 to discuss the following two options for when the UE starts applying the new (de)activation:
· Option 1: UE applies the (de)activation starting from the new Cell DTX cycle for each cell separately.
· Option 2: UE applies the (de)activation uniformly starting from the new CDRX cycle. 
Non-overlapping Cell DTX and C-DRX patterns
In RAN2 #123 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)

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 5: 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 9: 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. 

Conclusion
Observation 1: Variability in ON-durations between serving cell patterns that are close in frequency complicate PDCCH monitoring and blind decoding at the UE due to possible per-occasion variability in PDCCH.
Proposal 1: RAN2 to discuss the following two options on ON-duration alignment between Cell DTX patterns:
· Option 1: ON duration is common for all serving cell DTX patterns in the same frequency range.
· Option 2: ON duration is common for all serving cell DTX patterns in the same frequency band. 
Proposal 3: The patterns that allow SCell to be in active period with Spcell/Pcell in non-active periods should be avoided. 
Observation 2: DCI2_9 occasions will be configured as a function of serving cell total load and may be much more frequent than UE ON-durations. 
Proposal 4: UE is not expected to monitor any extra PDCCH occasions for NES-RNTI outside of what the UE already monitors in the legacy spec. 
Observation 3: A CONNECTED UE may perform RACH during nonactive period of cell DTX/DRX but no existing mechanism to transmit and receive after RACH during Cell DTX/DRX nonactive period.   
Proposal 5: UE implicitly deactivates Cell DTX/DRX configuration after RACH on a serving cell. 
Observation 4: A missed SR can be expensive to the UE power as it may lead to UE unnecessarily monitoring PDCCH during the whole cell DTX/DRX non-active period. 
Proposal 6: RAN2 to address the case where the UE must unnecessarily monitor PDCCH during the whole cell DTX/DRX non-active period after a missed SR.
Proposal 7: For SR that would be kept pending during cell DRX/DTX non-active period, a timer is configured by the gNB to control how long this SR can be kept pending before triggering SR-RACH. 
Proposal 8: When the UE decodes DCI2_9 containing new cell DTX/DRX (de)activation information, RAN2 to discuss the following two options for when the UE starts applying the new (de)activation:
· Option 1: UE applies the (de)activation starting from the new Cell DTX cycle for each cell separately.
· Option 2: UE applies the (de)activation uniformly starting from the new CDRX cycle. 
Observation 5: 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 9: 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. 
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