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

	Agreements
· Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity. 
· 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.
· 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)
· As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
· RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
· RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
· Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
· 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.
· RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
· 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.
· 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..



This contribution firstly provides our view on the highlighted FFS, i.e., if Cell DTX/DRX configuration is per cell or per MAC entity. On the top of that, further discuss how to configure the aligned UE C-DRX configuration associated with the cell DTX configuration. Finally, reliability of the group common L1 signalling for cell DTX/DRX activation/deactivation will be discussed.
Discussion
Cell DTX/DRX configuration: per cell or per MAC entity?

 The typical commercial deployment strategy of operators owning lower, medium and/or higher licensed spectrum is to offer the widest coverage via low-band spectrum (i.e., “coverage bands”) whereas provide higher capacity and lower latency performances via medium and/or higher licensed spectrum  (i.e., “capacity bands”) by utilizing CA or DC techniques. To provide stable, continuous services to end users, applying the cell DTX/DRX techniques only for cells of “capacity bands” is a potential scenario.

To provide stable, continuous services to end users, applying the cell DTX/DRX techniques only for cells of “capacity bands” is a potential scenario.

As discussed in RAN2#123 online session, configuring cell DTX/DRX configuration per MAC entity means that in CA cases, a cell-DTX-config IE will be added under MAC-cellGroupConfig IE. Then, it results in all serving cells (i.e., all cells of both “coverage bands” and “capacity bands”) end up to have the same cell DTX/DRX configuration. Some companies argued that it is able to separate the cell DTX/DRX configuration and activation, i.e, configure the cell DTX per MAC entity whereas only activate the cell DTX for a part of serving cells of the MAC entity. However, RAN2#121bis agreed that “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”. Therefore, we observe that for serving cells, it is impossible to only configure DTX/DRX configuration without activating it via the same RRC signalling. 

For serving cells, it is impossible to only configure DTX/DRX configuration without activating it via the same RRC signalling since RAN2#121bis agreed that “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”.

 Then for serving cells which are not intended to be configured with the cell DTX/DRX, the cell DTX/DRX release (deactivation) via RRC signalling is needed if the cell DTX/DRX is configured per MAC entity. Such an inefficient operation should be avoided for those serving cells which are not intended to be configured with the cell DTX/DRX from the beginning.

Based on the above observations, we propose to configure cell DTX/DRX per serving cell.

Cell DTX/DRX configuration is per serving cell.

Post e-mail discussion 312 also discussed cell DTX/DRX configuration issue, however no consensus was achieved due to diverse views. The following way forward proposed by the rapporteur can be considered as the starting point for further discussion. 

	The Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· The UE will not be required to follow more than 2 active patterns of cell DTX/DRX, regardless of the number of servings cells.
· The two configured active patterns should be aligned, i.e., one periodicity is an integer multiple of the other.



When more than 2 component carriers belonging to one Frequency Range are configured (i.e., more than one Scells belonging to one Frequency Range), with proposal 1, different Scells may be configured with individual cell DTX/DRX configurations. It may result in more than one cell DRX/DTX configurations are configured for multiple Scells and consequently introduces a complex network and UE behavior due to requirements for aligning UE C-DRX and individual cell DTX configurations. Therefore, we agree with the above way forward to have some restrictions on the top of configuring cell DTX/DRX per serving cell. 
However, as we observed in Observation 1, there are scenarios where operators don’t intend to apply cell DTX/DRX for serving cells of “coverage bands”, therefore typically serving cells of a MAC entity may be configured in two groups, one without cell DTX/DRX configuration and the other with DTX/DRX configuration. There is also another scenario that serving cells of a MAC entity may be configured in two groups, each group has an individual cell DTX/DRX configuration. Therefore, our proposal is 

The gNB should ensure serving cells of a MAC entity are configured in (up to) two groups with different cell DTX/DRX configurations. For example, one group without cell DTX/DRX and the other group with the same cell DTX/DRX configuration, or two groups with two individual cell DTX/DRX configurations.

Aligned UE C-DRX configuration

Regarding the alignment between UE C-DRX and cell DTX, RAN2#123meeting agreed followings
· the gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration. 
· As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
 
Let's focus on the typical scenario where cell DTX is only applied for Scells of the CA. 
Currently, serving cells of a MAC entity may be configured by RRC in two DRX groups, i.e., legacy DRX group and the secondary DRX group. However, 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. For UEs whose C-DRX configuration is needed to be reconfigured to align with the cell DTX, when all serving cells (including Pcell and all Scells) belong to FR1, reusing the following legacy drx-config IE can reconfigure UE C-DRX to ensure at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration once the cell DTX of the Scell is activated/deactivated. However, it results in the UE C-DRX configuration of both Pcell and Scell are re-configured even though there is no cell DTX configured/activated for Pcell at all.
[image: ]

When the legacy drx-config IE is used to reconfigure aligned C-DRX once the cell DTX of the Scell is activated/deactivated, the UE C-DRX configuration of both Pcell and Scell are re-configured even though there is no cell DTX configured/activated for Pcell at all.

To achieve load balance among multiple UEs, it is a common understanding that the C-DRX on durations of different UEs are desirable to be configured differently, especially at the cells of the coverage band because bandwidth of the coverage band is always limited compared to capacity bands. However, as observed above, when the UE C-DRX configuration of Pcell and Scell are re-configured once the Scell DTX is activated/deactivated simultaneously, the UE’s C-DRX on duration of the Pcell also concentrates into the active period of the Scell DTX configuration. It results in load unbalance at the Pcell and may introduce serious performance degradation of some fundamental telecom services which only be provided via the coverage band. Therefore, reconfiguring aligned UE C-DRX configuration applied only for Scells should be allowed when only the Scell DTX is activated/deactivated in the CA cases.

When C-DRX configuration is needed to be reconfigured to align with the cell DTX, reconfiguring aligned UE C-DRX configuration applied only for a part of serving cells of a MAC entity which configured with cell DTX should be allowed.

Two potential solutions to support reconfiguring aligned UE C-DRX configuration applied only for the Scells are 
(a) Reuse DRX-ConfigSecondaryGroup, i.e., configure two DRX groups and uniquely assign the Pcell and Scells without cell DTX configuration to legacy DRX group whereas assign Scells with cell DTX configuration 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 used to reconfigure aligned UE C-DRX configuration applied only for Scells, such a restriction should be considered further since both Scells and Pcell may belong to the same Frequency Range. Moreover, how to handle individual DRX configuration for FR1, FR2, should also be considered.
(b) (re)configure an additional UE C-DRX configuration only applied for Scells, together with Scell DTX/DRX configuration. 

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

Support to (re) configure an additional UE C-DRX configuration only applied for serving cells of a MAC entity which configured with cell DTX, together with its cell  DTX configuration. 

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 cell DTX/DRX configuration and aligned UE C-DRX configuration. Moreover, reliability of the group common L1 signalling for cell DTX/DRX activation/deactivation was also discussed.

Observation 1 To provide stable, continuous services to end users, applying the cell DTX/DRX techniques only for cells of “capacity bands” is a potential scenario.

Observation 2 For serving cells, it is impossible to only configure DTX/DRX configuration without activating it via the same RRC signalling since RAN2#121bis agreed that “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”.

Observation 3 When the legacy drx-config IE is used to reconfigure aligned C-DRX once the cell DTX of the Scell is activated/deactivated, the UE C-DRX configuration of both Pcell and Scell are re-configured even though there is no cell DTX configured/activated for Pcell at all.

Observation 4 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 Cell DTX/DRX configuration is per serving cell.

Proposal 2 The gNB should ensure serving cells of a MAC entity are configured in (up to) two groups with different cell DTX/DRX configurations. For example, one group without cell DTX/DRX and the other group with the same cell DTX/DRX configuration, or two groups with two individual cell DTX/DRX configurations.

Proposal 3 When C-DRX configuration is needed to be reconfigured to align with the cell DTX, reconfiguring aligned UE C-DRX configuration applied only for a part of serving cells of a MAC entity which configured with cell DTX should be allowed.

Proposal 4 Support to (re) configure an additional UE C-DRX configuration only applied for serving cells of a MAC entity which configured with cell DTX, together with its cell  DTX configuration.

Proposal 5 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 6 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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MAC-CellGroupConfig information element

MAC-CellGroupConfig ::= SEQUENCE {
drx-Config SetupRelease { DRX=Config } OPTIONAL,
schedulingRequestConfig SchedulingRequestConfig OPTIONAL,
bsr-Config BSR-Config OPTIONAL,
tag-Config TAG-Config OPTIONAL,
phr-Config SetupRelease { PHR-Config } OPTIONAL,

skipUplinkTxDynamic BOOLEAN,




