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Introduction
In RAN2#121 meeting [1], it was agreed:

	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.  





In RAN2#121e-bis [2], the following agreements were made:

	Agreements
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
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. 
5. 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
6. 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
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. 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 
9. 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 
10. (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.  
11. 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).  
12. FFS how to deal with retransmissions



In this TDoc, we would like to focus the discussion on support a single configuration with multiple cell DTX/DRX patterns and cell DTX/DRX switching, activation and deactivation.

Discussion
Single configuration with multiple cell DTX/DRX patterns
In R2-2306403 [3], it was analysed the network behaviour for different traffic types when cell DTX/DRX was activated, e.g., VoNR or eMBB. In that paper [3], the conclusion was to leave to network implementation to deactivate the pattern if activated pattern could not meet the requirements.

After further analysis, we consider it is more efficient to have a common cell DTX/DRX pattern configuration in the cell that includes multiple patterns. These patterns remain common to the cell and only one of them is active at single point in time. That will simply network testing and therefore, it will be easier to deploy.

This approach is totally aligned with agreement #3 in [1] as the pattern configuration for cell DRX/DTX continues to be common for all the UEs in the cell if all the UEs are configured with the same patterns.

Observation 1 [bookmark: _Toc142547859]A common cell DTX/DRX pattern configuration in the cell, agreement #3 [1], may include multiple patterns where only one of them is active at a single point in time.

In a typical scenario, UEs under the same cell have different traffic requirements where the most common are eMBB and voice traffic. To meet different traffic requirements, network may consider different approaches based on a single cell DTX/DRX pattern and multiple cell DTX/DRX patterns:
1. Option 1: a single cell DTX/DRX pattern for all UEs
a. Option 1a: cell DTX/DRX is configured/activated only for UEs that match cell DTX/DRX periodicity with traffic pattern
b. Option 1b: all UEs are configured with lowest cell DTX/DRX periodicity
2. Option 2: common cell DTX/DRX pattern configuration with more one pattern
a. Option 2a: the UEs have multiple cell DTX/DRX configured patterns but only one is active at a single time 
b. Option 2b: the UEs have multiple cell DTX/DRX patterns configured and active

With Option 1a, only one traffic type can be supported with cell DTX/DRX configuration therefore, it is up to network implementation which UEs are configured with the cell DTX/DRX configuration based on their traffic. That creates a difficulty in testing and requires an extra work to ensure the functionality performs as expected.

Option 1b negatively impacts network power consumption as network requires be active most of the time. UE will not be impacted as C-DRX can be configured to match its MBB traffic. A real deployment will limit the options to VoNR cell DTX/DRX pattern. Network cannot risk configuring other cell DTX/DRX because all UEs needs to be reconfigured and the failure on one UE will have an impact on all UEs in the cell.

Option 2a allows the network to configure UEs with multiple patterns but there will be at most one cell DTX/DRX pattern active. Network can dynamically activates the DTX/DRX pattern to reduce the network energy consumption. 

Option 2b increases UE and network complexity as multiple cell DTX/DRX patterns needs to be maintained active simultaneously. There is no need for multiple active patterns on the UE as the pattern with shortest periodicity can support traffic that can use longer ones.

From the analysis, option 1a introduces extra complexity to test the feature. Option 1b is totally inefficient from NES point of view. Complexity introduced by option 2b is not justified.

Consequently, Option 2a is the optimal solution. It supports multiple traffic types active simultaneously on the cell with minimum standardization impact.  

Observation 2 [bookmark: _Toc142547860]The fact that network configure multiple cell DTX/DRX patterns, option 2, increases the network energy saving and simplifies the testing compared with a single pattern, option 1

Observation 3 [bookmark: _Toc142547861]Option 2a is the best trade-off between NES, adaptability and complexity 

For those reasons, we propose:

Proposal 1 [bookmark: _Ref138665633][bookmark: _Toc142547871]RAN2 to agree that a common cell DTX/DRX pattern configuration in the cell may contain multiple cell DTX/DRX patterns where only a single cell DTX/DRX pattern is active at a single point in time. 

From now, we will consider only Option 2a. For option 2a, it is important that the cell DTX/DRX active periods of different patterns are aligned in time, Figure 1. The figure captures patterns with different DTX/DRX periodicities but with the same active duration time.
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[bookmark: _Ref138412620]Figure 1 Multiple cell DTX/DRX patterns commonly configured in a cell where active periods of different patterns should remain aligned


Observation 4 [bookmark: _Toc142547862]Complexity is reduced on network and NES is maximized by aligning cell DTX/DRX active periods which have the same duration for all configured patterns included in the common cell configuration 

It is required to evaluate when cell DTX/DRX activated pattern is changed. Figure 2 shows how a VoNR call triggers the cell DTX/DRX active pattern change, from eMBB cell pattern to VoNR pattern. If that UE continues using eMBB cell pattern described in Figure 1, it cannot meet the VoNR requirements. Cell DTX/DRX active period alignment in time between different patterns removes any impact on scheduled grants, Configured Grants (CG), Dynamic Grants (DG), and retransmissions, if the UE is reconfigured with a pattern which periodicity decreases.


[image: ]
[bookmark: _Ref138656701]Figure 2 Change the to a different configured cell DTX/DRX pattern based on current traffic
By keeping the cell DTX/DRX active period alignment between patterns, UE can always receive/transmit those configured grants, as captured in Figure 3, if UE moves to a pattern with shorter periodicities.

[image: ]
[bookmark: _Ref138662703]Figure 3 UE reception/transmission of scheduled grants before the pattern change has no impact on UE


When UE needs to be switched to a more relax cell DTX/DRX active pattern, Figure 4, the network needs to ensure scheduled data that requires shorter periodicity is transmitted/retransmitted before UE is reconfigured. Following the previous example, before UE activates the cell DTX/DRX eMBB pattern, all traffic scheduled with DTX/DRX VoNR pattern should be transmitted or retransmitted.

[image: ]
[bookmark: _Ref138749756]Figure 4 Switch from shorter to longer cell DTX/DRX periodicities

Observation 5 [bookmark: _Toc142547863]Network needs to ensure that all traffic belonging to shortest periodicity is transmitted before the active the pattern with longer periodicity is changed

Then, it is proposed that RAN2 discusses how network ensures that there is no pending data that requires shortest cell DTX/DRX periodicities when UE is reconfigured with longer periodicities.
 
Proposal 2 [bookmark: _Toc142547872]It is up to network implementation to ensure there is no pending data when it switch to a cell DTX/DRX pattern with longer periodicities 

Cell DTX/DRX activated/deactivated implicitly by RRC signalling
As it was captured in [3], it is important to revert the baseline agreement taken in RAN2#121-bis-e [2]. 

Observation 6 [bookmark: _Toc134538849][bookmark: _Toc142547864]Current baseline indicates that as soon as the UE receives the cell DTX/DRX configuration, it will be activated. To deactivate the configuration, network will send a RRC Reconfiguration message without cell DTX/DRX configuration

With implicit signalling, network has three different options to activate the cell DTX/DRX pattern on the UE. First option is before cell starts its DTX/DRX mode. The second option is after it is really activated in the cell. Third option is to configure cell DTX/DRX patterns simultaneously on network and UE.

If the UE receives the RRC Reconfiguration message with the cell DTX/DRX pattern before it is truly activated on the cell, network may have several problems with implicit signalling. In time, cell has its DTX/DRX pattern deactivated therefore, it has no restrictions to schedule grants. On the other hand, UE will not listen for grants outside the cell DTX active period. That causes a clear misaligned between network and UE. It is possible to argue that a proper network implementation can handle this misalignment. Even though this may be an option, network will artificially decrease its performance and that will impact network KPIs.

Observation 7 [bookmark: _Toc142547865]With implicit signalling, if UE receives the cell DTX/DRX configuration before it is activated on network side, KPIs will be impacted

Second option, activate cell DTX/DRX on UE after it is really activated on network, will impact the UE. Based on UE C-DRX configuration, UE will be on during its C-DRX on-duration time, but it is expected that UE C-DRX pattern is changed in the same message where cell DTX/DRX is configured to align on periods of network and UE. In worst scenario, cell DTX and UE_A C-DRX will end completely misaligned. The clear consequence is that the UE will become unreachable as captured in Figure 5 if new C-DRX does not overlap with old C-DRX.

[image: ]
[bookmark: _Ref138410669]Figure 5 Misalignment between cell and UE if cell DTX/DRX is activated on the cell before than on the UE


Observation 8 [bookmark: _Toc142547866]With implicit signalling, if UE receives the cell DTX/DRX configuration after it is activated on network side, UEs may become unreachable

The third option is when network configures UEs with cell DTX/DRX patterns at the same time it is activated on the network. That may mitigate the impact, but messages are not free from errors. If a message is not delivered, then it is same situation as second option.

Observation 9 [bookmark: _Toc142547867]With implicit signalling, if UE receives the cell DTX/DRX configuration when it is activated on network side, any problem with the activation message will replicate the scenario when UE receives the configuration after it is activated on network side

Consequently, with implicit signalling, first option is the only valid option where before cell starts its DTX/DRX mode, UEs are configured with the pattern.

Observation 10 [bookmark: _Toc134538850][bookmark: _Toc142547868]Agreement #4 [2] limits the network options to activate the cell DTX/DRX mode and force it to send the RRC Reconfiguration message before the cell DTX/DRX configuration is effectively activated on the cell causing a drop on network KPIs


Finally, if Proposal 1 in section 2.1 is agreed, it is required to signal which pattern is used (Figure 1) and the supposed benefit to use an implicit signalling is lost. The fact that the initial configuration with multiple patterns contains an indication of which pattern is the one active can be considered by itself as the explicit trigger. A configuration without the active pattern indicates the UE stores the configuration but it is not active yet.

Observation 11 [bookmark: _Toc142547869]Explicit signalling can easily activate the cell DTX/DRX configuration and select the cell DTX/DRX pattern to be the one active on the UE

Besides, explicit indication in RRC signalling could also be used for activation/deactivation of the DTX/DRX without release/reconfigure the full configuration.

Since the benefits to have explicit configuration are higher than implicit, it is proposed to modify current baseline agreement from implicit activation to explicit.

Proposal 3 [bookmark: _Toc134538855][bookmark: _Ref138411365][bookmark: _Toc142547873]RAN2 to have explicit cell DTX/DRX activation/deactivation signalling

As reflected by agreement #5 [2], majority of companies envision a benefit with L1 signalling for cell DTX/DRX activation/deactivation and, if Proposal 1 is agreed, to select the cell DTX/DRX pattern. One of the benefits of L1 signalling is that the exact cell DTX/DRX pattern can be quickly selected if L1 signalling is used. Besides, RAN1 has also agreed to support a new common DCI format for DTX/DRX activation/deactivation.

Observation 12 [bookmark: _Toc134538851][bookmark: _Toc142547870]L1 signalling will benefit from an explicit cell DTX/DRX activation/deactivation framework and a cell DTX/DRX pattern change

For initial configuration with RRC signalling, it is simple to add a new IE that indicates which cell DTX/DRX should be used by the UE. Its presence can also indicate the UE has to activate the cell DTX/DRX feature.

Therefore, both L1 (if feasible) or RRC signalling can be used to explicitly activate/deactivate cell DTX/DRX configuration and modify the cell DTX/DRX pattern.

Proposal 4 [bookmark: _Toc134538856][bookmark: _Toc142547874]RAN2 to discuss the explicit signalling for cell DTX/DRX pattern selection and pattern activation/deactivation


Conclusion
During the TDoc, we have made the following observations
Observation 1	A common cell DTX/DRX pattern configuration in the cell, agreement #3 [1], may include multiple patterns where only one of them is active at a single point in time.
Observation 2	The fact that network configure multiple cell DTX/DRX patterns, option 2, increases the network energy saving and simplifies the testing compared with a single pattern, option 1
Observation 3	Option 2a is the best trade-off between NES, adaptability and complexity
Observation 4	Complexity is reduced on network and NES is maximized by aligning cell DTX/DRX active periods which have the same duration for all configured patterns included in the common cell configuration
Observation 5	Network needs to ensure that all traffic belonging to shortest periodicity is transmitted before the active the pattern with longer periodicity is changed
Observation 6	Current baseline indicates that as soon as the UE receives the cell DTX/DRX configuration, it will be activated. To deactivate the configuration, network will send a RRC Reconfiguration message without cell DTX/DRX configuration
Observation 7	With implicit signalling, if UE receives the cell DTX/DRX configuration before it is activated on network side, KPIs will be impacted
Observation 8	With implicit signalling, if UE receives the cell DTX/DRX configuration after it is activated on network side, UEs may become unreachable
Observation 9	With implicit signalling, if UE receives the cell DTX/DRX configuration when it is activated on network side, any problem with the activation message will replicate the scenario when UE receives the configuration after it is activated on network side
Observation 10	Agreement #4 [2] limits the network options to activate the cell DTX/DRX mode and force it to send the RRC Reconfiguration message before the cell DTX/DRX configuration is effectively activated on the cell causing a drop on network KPIs
Observation 11	Explicit signalling can easily activate the cell DTX/DRX configuration and select the cell DTX/DRX pattern to be the one active on the UE
Observation 12	L1 signalling will benefit from an explicit cell DTX/DRX activation/deactivation framework and a cell DTX/DRX pattern change

We propose the following:
Proposal 1	RAN2 to agree that a common cell DTX/DRX pattern configuration in the cell may contain multiple cell DTX/DRX patterns where only a single cell DTX/DRX pattern is active at a single point in time.
Proposal 2	It is up to network implementation to ensure there is no pending data when it switch to a cell DTX/DRX pattern with longer periodicities
Proposal 3	RAN2 to have explicit cell DTX/DRX activation/deactivation signalling
Proposal 4	RAN2 to discuss the explicit signalling for cell DTX/DRX pattern selection and pattern activation/deactivation
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