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[bookmark: _Hlk525462591][bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Based on the WI description in RP-223540, the following objective has been agreed for network energy saving with enhancement on cell DTX/DRX:
	2. 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.


In this contribution, we will discuss the issues related to the enhancement on cell DTX/DRX. And in our companion contribution, we will discuss the issues on techniques in spatial and power domains [1].

Enhancements on cell DTX/DRX Mechanism
Cell DTX/DRX entails that the gNB is allowed to turn off, partially or completely, transmission and reception for data traffic and reference signals during cell DTX/DRX non-active periods (with the exception of SSB transmission as per WID). This allows the gNB to more flexibly be able to enter a sleep state, and thereby save energy, during the non-active periods where e.g. no traffic is present or expected. This was studied separately in RAN1 and RAN2 during the study item phase. RAN2 concluded that cell DTX/DRX is feasible, and RAN1 concluded that this technique may provide up to 70 % energy saving gain [TR 38.864]. For the scenario where there are multiple active UEs in the cell, the time alignment of the UEs’ DRX active time with cell DTX/DRX active time has been discussed. The gNB may configure UE-specific C-DRX configurations (e.g. DRX cycle) for RRC_ CONNECTED UEs that depend on the traffic pattern and QoS targets. The configured DRX ON-duration periods of different UEs may be not aligned in time, and on the contrary widely spread in the time domain for increasing the available capacity. If the ON-durations of different UEs are not aligned and spread in time, the gNB may need to wake-up multiple times in order to serve the UEs in the cell. However, from the NW energy saving perspective, it would be better to align the transmissions to (and reception from) UEs in the cell with a common cell active/non-active time. Such cell-specific DTX and DRX mechanisms were being considered and discussed in RAN2 during the SI phase of Rel18 NW energy saving study. The main outcome has been captured in Section 6.1.4.3 and 6.1.4.4 of TR38.864. Note that currently the gNB can already align the UEs’ DRX configurations via dedicated RRC signalling. Further, cell DTX/DRX may be used even when there is a single active UE in the cell and if the network is operating in low load with already aligned UE DRX configurations. 
A cell DTX/DRX pattern can be defined by transitions between active periods (during which NW can perform transmissions and receptions) and non-active periods (during which the transmissions/receptions are partially or completely turned off for data traffic and/or reference signal). 
Practically, the gNB could align the configured C-DRX on-duration periods among UEs with the active periods of cell DTX/DRX, such that the transmissions/receptions in the cell are expected to occur within the common active time, which facilitates network energy saving. As said, this can be achieved already via dedicated RRC signalling. However, if the cell DTX/DRX pattern changes dynamically, such semi-static approach may not be optimal in terms of signalling overhead.

Configuration of cell DTX/DRX
Regarding the cell DTX/DRX configuration, during the study item phase RAN2 has agreed/assumed that the cell DTX and cell DRX pattern(s) can be configured separately via RRC signalling, and its activation should be supported with both UE specific and common L1/L2 signalling. It was also understood by RAN2 that the RRC configuration of cell DTX/DRX should include at least DTX/DRX periodicity, start slot/offset, on duration period. In principle, UE could be configured with more than one cell DTX and DTX pattern, and L1/L2 signalling is used to indicate which one is activated.
Observation 1: Based on RAN2 outcome during the study item phase, UE could be configured with more than one cell DTX pattern and cell DRX pattern, and L1/L2 signalling is used to indicate which one is activated.
As quoted below from TR38.864, for one of the open issues as discussed in RAN2, which of the four examples for Cell DTX/DRX operation during non-active periods should be clarified by RAN2. From the RAN1 perspective, RAN1 can wait for the discussion outcome from RAN2 on this aspect in order to avoid overlapping discussion between WGs.
	[bookmark: _Toc123635579]6.1.4.4	Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:
-	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
-	Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
-	Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
-	Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).



Proposal 1: To avoid overlapping discussions between WGs, RAN1 should wait for the outcome from RAN2 on which Cell DTX/DRX behaviour(s) should be supported.
Once the relevant cell DTX/DRX behaviour(s) are agreed, RAN1 should analysis their impact. For example, if cell DTX/DRX behaviour as per Example 1 is considered, then CSI-RSs used for performing measurements may be also turned off during cell DTX non-active periods, and this would require further considerations as it may impact UE measurement procedures and requirements.
Observation 2: Turning off CSI-RS (as per Example 1) may impact the UE measurement procedures and requirements.

UE behaviour with cell DTX/DRX
We assume each UE could be configured with its own (i.e. UE dedicated) periodic CSI-RS/SRS and PDCCH occasions, C-DRX operation, CG/SPS if configured etc. That might not necessarily align with the Cell DTX pattern and cell DRX pattern. But the UE will take the cell DTX and DRX pattern into account, and only perform UL transmissions and DL receptions for the configured occasions that align with the cell DTX and DRX active periods. Thus, when the cell DTX / DRX pattern changes, there is no need to adjust the UE dedicated configurations.
Proposal 2: Cell DTX shall work on top of the UE C-DRX to maximize the NW energy saving with no need to adjust the UEs’ configurations.
Proposal 3: Cell DRX shall work on top of the UE transmission occasions (e.g., configured grant) to maximize the NW energy saving with no need to adjust the UE dedicated configurations.
However, there may also be exception cases where the UE does not follow the cell DTX pattern and assumes that the NW can provide dynamic scheduling as soon as possible when there is delay-stringent data to be transmitted. In this case, the UE can perform e.g. RA or SR or CG transmission according to the cell DRX pattern and the NW can then turn ON the transmissions for the particular UE without a need to adjust the common cell DTX pattern for all UEs in the cell. 
Observation 3: In exception cases, the UE may be allowed to ignore the cell DTX pattern (e.g. delay-stringent data transmission).

Joint consideration of cell DTX/DRX mechanism with techniques in spatial and power domains 
In RAN1, another objective in the WID to be discussed and specified with Rel-18 NW ES is the techniques in spatial and power domains. 
Practically, when the NW is going to deeper and deeper sleep mode, more hardware components can be switched off for energy saving purpose. Hence, the number of PAs can be reduced when network transits to a deeper sleep mode, which implies lower transition energy. For instance, for a cell DTX/DRX pattern that is mapped to micro sleep mode, the 32-port with multiple panels/TRPs can be applied in the cell DTX/DRX active periods, and for another cell DTX/DRX pattern that is mapped to leverage a deeper sleep mode, the number of antenna ports or panels or TRPs can be reduced during the cell DTX/DRX active periods by muting transceiver chains with the associated PAs, e.g. to 8-port with single panel/TRP for better energy efficiency. Thus, the configurations of cell DTX/DRX can be considered jointly with adaptation of spatial and power domain techniques.
Proposal 4: Enhancement on cell DTX/DRX mechanism can be jointly considered with adaptation of spatial and power domain techniques.

Conclusions
In this contribution, we have the following observations and proposals:
Observation 1: Based on RAN2 outcome, UE could be configured with more than one cell DTX and DTX patterns and L1/L2 signalling is used to indicate which one is activated.
Proposal 1: To avoid overlapping discussion between WGs, RAN1 may wait the outcome from RAN2 on which examples of Cell DTX/DRX behaviour during non-active periods should be considered.
Observation 2: Turning off CSI-RS (as per Example 1) may impact the UE measurement procedures and requirements.
Proposal 2: Cell DTX shall work on top of the UE C-DRX to maximize the NW energy saving with no need to adjust the UEs’ configurations.
Proposal 3: Cell DRX shall work on top of the UE transmission occasions (e.g., RA, CG) to maximize the NW energy saving with no need to adjust the UEs’ configurations.
Observation 3: In exception cases, the UE may be allowed to ignore the cell DTX pattern (e.g. delay-stringent data transmission).
Proposal 4: Enhancement on cell DTX/DRX mechanism can be jointly considered with adaptation of spatial and power domain techniques.
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