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RAN2#123bis meeting further discussed cell-DTX/DRX and achieved the following agreements [1]:

	Agreements:
· 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.
· 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:
· 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.
· Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured. 
· Standalone cell DRX configuration is possible to configure.
· Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.



This contribution further discusses the remaining issues of cell-DTX/DRX.
Discussion

UE C-DRX parameters aligned with cell DTX configuration

RAN2#123 meeting agreed to configure cell DTX/DRX configuration per serving cell with the restrictions that a maximum of two aligned cell DTX/DRX patterns is configured per MAC entity. Then for CA cases, if serving cells belong to two serving cell group and each serving cell group can have individual DTX/DRX configuration, followings may be configured in the real network when cell DTX/DRX is deployed, based on operators’ strategy.  

Case 1: two serving cell groups with cell DTX/DRX configuration 1 and 2, respectively
· cell DTX/DRX configuration 1 and 2 have common start and slot offset
· the periodicity of cell DTX/DRX configuration 1 is an integer multiple of that of the cell DTX/DRX configuration 2 (or vice versa)
Case 2: one serving cell group without cell DTX/DRX configuration and another serving cell group with cell DTX/DRX configuration 1 

 For the above Case 1, from UE C-DRX configuration perspective, it is observed that a single UE C-DRX configuration with following parameters can have a partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration of configurations 1 and 2:
· start and slot offset: a value falls in [common start and slot offset, common start and slot offset +shorter Onduration} of DTX/DRX configurations 1 and 2
· Periodicity: shorter periodicity of two cell DTX/DRX configurations and C-DRX periodicity should be multiple of each other. 

A single UE C-DRX configuration can have a partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-durations when configuring two serving cell groups with cell DTX/DRX configurations 1 and 2 in CA scenario.

 However, for the Case 2, since one serving cell group is not configured with cell DTX/DRX, we think a single UE C-DRX configuration may have problems at the serving cell group without cell DTX/DRX configuration. 
To explain it, let's focus on a simple scenario where cell DTX/DRX is only configured/activated for Scells of the CA, whereas Pcell is kept to continuously transmit/receive as legacy to guarantee the coverage. In such a case, we observed that a single UE C-DRX configuration would be aligned with the cell DTX/DRX configuration 1, i.e., start and slot offset of the C-DRX would be a value falls in [start and slot offset, start and slot offset + Onduration} of DTX/DRX configurations 1, which is assumed to be reconfigured via the legacy drx-config IE. 
Then the single UE-DRX configuration results in that the UE’s C-DRX on duration of the Pcell concentrates into the OnDuration period of the cell DTX/DRX configuration 1. When NES-capable UE increases, such a situation may cause UE traffic load unbalance at the Pcell and introduce serious performance degradation of some fundamental telecom services which only be provided via the Pcell. 

A single UE C-DRX configuration may cause UE traffic load unbalance and performance degradation of the serving cells which are not configured with cell DTX/DRX.

Therefore, reconfiguring the UE C-DRX parameters applying only for the serving cells belong to the serving group with the configured/activated cell DTX/DRX should be allowed when network configures one serving cell group without cell DTX/DRX configuration and another with cell DTX/DRX configuration 1.

Reconfiguring the UE C-DRX parameters applied only for the serving cells belong to the serving cell group with the configured/activated cell DTX/DRX should be allowed when network configures one serving cell group without cell DTX/DRX and another with cell DTX/DRX.

Two potential solutions to support reconfiguring UE C-DRX parameters applied only for the serving cells belong to the serving cell group with the configured/activated cell DTX/DRX are 
(a) Reuse DRX-ConfigSecondaryGroup, i.e., configure two DRX groups and uniquely assign the serving cells without cell DTX/DRX configuration to legacy DRX group whereas assign serving cells with configured/activated cell DTX/DRX to the secondary DRX group. However, following issues should be further considered. 
- So far, DRX-ConfigSecondaryGroup only has two parameters, drx-onDurationTimer and drx-InactivityTimer, therefore enhancements of parameter (e.g., drx-StartOffset) should be considered further.
- One more thing is that, so far, all serving cells in the secondary DRX group shall belong to one Frequency Range and all serving cells in the legacy DRX group shall belong to another Frequency Range. When DRX-ConfigSecondaryGroup is reused, such a restriction should be considered further since both two DRX groups may belong to the same Frequency Range. Moreover, how to handle individual DRX configuration for FR1, FR2, should also be considered further.
(b) (re)configure an additional UE C-DRX configuration only applied for Scells, together with DTX/DRX configuration. 

Since such an C-DRX parameters reconfiguration is associated with cell DTX/DRX configuration, we think the above solution (b) is feasible and simple. 

Support to reconfigure UE C-DRX parameters only applied for serving cells of a MAC entity which configured with cell DTX/DRX, together with its cell DTX/DRX configuration.

 Like the DRX-ConfigSecondaryGroup, we think only a part of UE C-DRX parameters is needed to be reconfigured associated with cell DTX/DRX configuration. Our initial consideration is that at least drx-LongCycleStartOffset should be allowed. Other parameters are FFS. TP is shown in APPENDIX.

drx-LongCycleStartOffset should be allowed to be reconfigured with cell DTX/DRX configuration. Other parameters are FFS.
Reliability of the group common L1 signalling for cell DTX/DRX activation/deactivation

At R2#121bis, RAN2 sent an LS to RAN1 to ask about the feasibility and reliability of using L1 signalling for Cell DTX/DRX activation and deactivation, as companies saw a benefit with using group common signalling to reduce the signalling overhead caused by multiple dedicated RRC messages. After that, RAN1 replied at RAN1#113 as below:
	With respect to questions asked by RAN2, RAN1 has made the following agreements:
· RAN1 supports the group common L1 signalling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback.
· subject to UE capability
· RAN1 asks RAN2 to consider the additional support of a MAC CE based indication.



During last meeting discussion, some companies raised their concern on reliability issue of the group common L1 signalling for cell DTX/DRX activation/deactivation. When a certain UE couldn’t decode the group common L1 signalling correctly, the network and the UE may have different understanding on the cell DTX status. In details,
When the group common L1 signalling for cell DTX activation is not decoded correctly
· gNB acknowledges the cell DTX status is “activated” whereas the UE acknowledges the cell DTX status is “deactivated”
· gNB only schedules the UE during the overlap period of cell DTX and C-DRX on duration period whereas UE monitors the PDCCH based on C-DRX configuration

When the group common L1 signalling for cell DTX deactivation is not decoded correctly
· gNB acknowledges the cell DTX status is “deactivated” whereas the UE acknowledges the cell DTX status is “activated”
· gNB schedules the UE based on C-DRX configuration whereas UE monitors the PDCCH only during the overlap period of cell DTX and C-DRX on duration period

Based on the above analyses, we observe that when a certain UE couldn’t decode the group common L1 signalling correctly, mis acknowledge of cell DTX/DRX status may result in performance degradation or UE power wasting.

When a certain UE couldn’t decode the group common L1 signalling correctly, mis acknowledge of cell DTX/DRX status may result in performance degradation or UE power wasting.

Since RAN1 has agreed to supports the group common L1 signalling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback, one potential solution is to introduce a Cell DTX/DRX status confirmation MAC CE. Like Configured Grant Confirmation MAC CE, which was introduced for configured grant Type 2, the cell DTX/DRX status confirmation MAC CE can have a fixed size of zero bits and be triggered upon correctly detecting the group common L1 signalling indicating cell DTX/DRX activation and deactivation. 

To ensure the reliability of the group common L1 signalling, introduce Cell DTX/DRX status confirmation MAC CE like Configured Grant Confirmation MAC CE.

The cell DTX/DRX status confirmation MAC CE can have a fixed size of zero bits and be triggered upon correctly detecting the group common L1 signalling indicating cell DTX/DRX activation and deactivation.

Summary
[bookmark: OLE_LINK3]This contribution discussed remaining issues of cell-DTX/DRX.

Observation 1 A single UE C-DRX configuration can have a partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-durations when configuring two serving cell groups with cell DTX/DRX configurations 1 and 2 in CA scenario.

Observation 2 A single UE C-DRX configuration may cause UE traffic load unbalance and performance degradation of the serving cells which are not configured with cell DTX/DRX.

Observation 3 When a certain UE couldn’t decode the group common L1 signalling correctly, mis acknowledge of cell DTX/DRX status may result in performance degradation or UE power wasting.

Proposal 1 Reconfiguring the UE C-DRX parameters applied only for the serving cells belong to the serving cell group with the configured/activated cell DTX/DRX should be allowed when network configures one serving cell group without cell DTX/DRX and another with cell DTX/DRX.

Proposal 2 Support to reconfigure UE C-DRX parameters only applied for serving cells of a MAC entity which configured with cell DTX/DRX, together with its cell DTX/DRX configuration.

Proposal 3 drx-LongCycleStartOffset should be allowed to be reconfigured with cell DTX/DRX configuration. Other parameters are FFS.

Proposal 4 To ensure the reliability of the group common L1 signalling, introduce Cell DTX/DRX status confirmation MAC CE like Configured Grant Confirmation MAC CE.

Proposal 5 The cell DTX/DRX status confirmation MAC CE can have a fixed size of zero bits and be triggered upon correctly detecting the group common L1 signalling indicating cell DTX/DRX activation and deactivation.
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APPENDIX
–	CellDTXDRX-Config
The IE CellDTXDRX-Config is used to configure cell DTX/DRX related parameters. Cell DTX/DRX is configured only when C-DRX is configured. 

· CellDTXDRX-Config information element
-- ASN1START
-- TAG-CELLDTXDRX-CONFIG-START

CellDTXDRX-Config-r18 ::=                  SEQUENCE {
    cellDTXDRX-onDurationTimer-r18             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 }
                                            }                                            OPTIONAL,  -- Need M
    cellDTXDRX-CycleStartOffset-r18        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)
    }                                                                                    OPTIONAL,  -- Need M
    cellDTXDRX-SlotOffset-r18              INTEGER (0..31)                                  OPTIONAL,  -- Need M
    cellDTXDRXconfigType-r18           ENUMERATED {dtx, drx, dtxdrx},
    cellDTXDRXactivationStatus-r18          ENUMERATED {activated, deactivated}
     drx-ConfigForCellDTX                   DRX-ConfigForCellDTX    OPTIONAL,    --NEED R
}

-- TAG-CELLDTXDRX-CONFIG-STOP
-- ASN1STOP

	CellDTX-Config field descriptions

	cellDTXDRX-CycleStartOffset
cellDTXDRX-Cycle in ms and cellDTXDRX-StartOffset in multiples of 1 ms.
cellDTXDRX-Cycle is an integer multiple of drx-longCycle of all UEs in a cell or vice versa.

	cellDTXDRX-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	cellDTXDRX-SlotOffset
Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.

	cellDTXDRXactivationStatus
Initial activation status of cell DTX/DRX indicating whether the UE shall activate the configuration according to the received parameters.

	cellDTXDRXconfigType
Indicates whether the configuration is for cell DTX only, cell DRX only, or joint cell DTX/DRX configuration. If set to dtxdrx, the UE shall apply a a joint cell DTX and DRX configuration with the same parameters as in CellDTXDRX-Config. 

	drx-ConfigForCellDTX
DRX configuration associated with cell DTX configuration.



–	DRX-ConfigForCellDTX
The IE DRX-ConfigForCellDTX is used to configure C-DRX related parameters associated with cell DTX configuration.
DRX-ConfigForCellDTX information element
-- ASN1START
-- TAG-DRX-ConfigForCellDTX-START

DRX-ConfigForCellDTX ::=                      SEQUENCE {
    drx-LongCycleStartOffsetForCellDTX      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)
    }																								
    } 

-- TAG-DRX-ConfigForCellDTX-STOP
-- ASN1STOP

	DRX-ConfigForCellDTX field descriptions

	drx-LongCycleStartOffsetForCellDTX
drx-LongCycleForCellDTX in ms and drx-StartOffsetForCellDTX in multiples of 1 ms associated with cell DTX configuration. 
drx-LongCycleForCellDTX is an integer multiple of drx-longCycle or vice versa.






