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1	Introduction
[bookmark: _Ref178064866]A new work item (WI) on Network energy savings for NR was approved at RAN#98 [1], and the following objectives were specified:
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2].
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].
· [bookmark: _Hlk126592052]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.
3. Specify the following techniques in spatial and power domains:
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2].
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals.
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements.
4. [bookmark: _Hlk126592603]Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2].
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2].
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].
7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4].



In this paper, we address the second objective.

2	Discussion
2.1	Background
[bookmark: _Hlk118378814]During the study item (SI) phase, cell DTX/DRX was discussed, and the following RAN2 conclusions were captured in TR 38.864 [2].
	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).
· The study focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration. It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration. Details related to UE behaviour can be discussed during WI phase. Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The alignment mechanism can be discussed during the WI phase.
From RAN2 perspective, Cell DTX/DRX is feasible.



Observe that ”Note: No change for SSB transmission due to cell DTX/DRX” in the WI description rules out Example 1 from TR 38.864.
[bookmark: _Toc127450740]Example 1 from Section 6.1.4.4 in TR 38.864 is ruled out by the note in the WI description in which is stated that there should be no change for SSB transmissions due to Cell DTX/DRX.
Furthermore, the fourth objective from the WI description (i.e., “Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2].”) together with the note that SSB transmissions should not be affected indicate that one of the priorities when designing Rel-18 NES techniques should be to minimize the impact on the legacy UEs.
[bookmark: _Toc127450741]The Cell DTX/DRX mechanisms should be designed such that the impact on the legacy UEs is minimized.
Finally, the questions such as which signals/channels can be omitted or reconfigured during Cell DTX/DRX non-active periods are more within the scope of RAN1, and hence RAN2 would benefit from RAN1 feedback before discussing this aspect.
[bookmark: _Toc127450750]RAN2 to continue addressing the aspects of Cell DTX/DRX behaviour (i.e., which signals/channels can be omitted or reconfigured) during non-active periods after receiving the input from RAN1.
2.2	Configuration and signalling aspects 
As specified in TR 38.864 [2], the NW can configure through RRC signalling Cell DTX and Cell DRX separately (e.g., one RRC configuration set for DL and another for UL) or together as found appropriate by the NW in different scenarios. To achieve this, two sets of RRC parameters (i.e., one for Cell DTX and one for Cell DRX) need to be specified by RAN2.  
[bookmark: _Toc127450751]In order to be able to configure Cell DTX and Cell DRX separately as captured in the TR [2], RAN2 needs to specify two sets of RRC parameters for configuring Cell DTX and Cell DRX, respectively. 
During RAN2#120 meeting it was agreed that at least the parameters such as periodicity, start slot/offset, and on duration can be configured per Cell DTX/DRX configuration and the same was captured in TR 38.864 [2]. Although these parameters allow for a basic functionality of the Cell DTX/DRX, they do not specify policies for extending Cell DTX and Cell DRX on duration times in cases when it is needed to accommodate possible additional transmissions on the DL and UL, respectively. Without such policies, following the nominal on duration and off duration times may lead to inability to maintain responsive traffic patterns or meet relevant QoS/QoE requirements for individual UEs. 
[bookmark: _Toc127450742]Mechanisms for extending Cell DTX and Cell DRX on duration times are needed to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.
[bookmark: _Toc127450752]There is a need for Cell DTX and Cell DRX inactivity timers that would enable energy savings at the NW side. FFS on the exact design of the Cell DTX and Cell DRX inactivity timers and on triggering conditions. 
Given the high-level list of Cell DTX/DRX parameters captured in TR38.864 [2] and the above-described need for Cell DTX and Cell DRX inactivity timers, we propose the following sets of RRC parameters for configuring Cell DTX and Cell DRX, respectively.
[bookmark: _Toc127450753]RAN2 to specify, at least, the following RRC parameters for Cell DTX: cell-dtxPeriodicity, cell-dtxStartOffset, cell-dtxOnDurationTimer, and cell-dtxInactivityTimer. FFS if there is a need for other parameters.
[bookmark: _Toc127450754]RAN2 to specify, at least, the following RRC parameters for Cell DRX: cell-drxPeriodicity, cell-drxStartOffset, cell-drxOnDurationTimer, and cell-drxInactivityTimer. FFS if there is a need for other parameters.
In the SI phase, different ways of activating/deactivating Cell DTX/DRX were considered, and the following was captured in TR 38.864 [2]:
“The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling.”
Therefore, given that TR 38.864 [2] captures different ways of activating/deactivating Cell DTX/DRX there is a need to make the UE aware of the way the NW intends to activate/deactivate provided Cell DTX/DRX RRC configurations. The latter way of activating Cell DTX/DRX (i.e., using RRC signalling) implies that the Cell DTX/DRX is feasible using RRC without dynamic signalling, and our opinion is that this is the simplest way of supporting the Cell DTX/DRX (e.g., similar to UE C-DRX) that should be ensured and prioritized by RAN2. For example, the NW can use cell-dtxStartOffset and cell-drxStartOffset parameters to easily indicate to the UE the time at which the Cell DTX and Cell DRX will be activated, respectively (i.e., that the UE should not expect Cell DTX/DRX activation via L1/L2 signalling). Alternatively, a new field in the Cell DTX and Cell DRX RRC configuration can be used for the same purpose.  
[bookmark: _Toc127450755]RAN2 should first focus on how to enable the full functionality of Cell DTX and Cell DRX features based on the received RRC configuration. 
[bookmark: _Toc127450756]If established as beneficial, lower layer signalling (e.g., dynamic L1/L2 signalling) can be introduced later as Cell DTX and Cell DRX enhancements.  
Finally, the following was captured in TR 38.864 [2] in regard to providing multiple Cell DTX/DRX configurations to the UE:
“Whether to support multiple Cell DTX/DRX configurations can be discussed later in the WI phase.”
Our opinion is that RAN2 needs to understand and develop the mechanisms for a single Cell DTX and a single Cell DRX configuration first. RAN2 can revisit the need for multiple Cell DTX/DRX configurations once the solution for a single Cell DTX and a single DRX configuration has progressed.
[bookmark: _Toc127450757]RAN2 should first focus on developing the mechanisms for supporting a single Cell DTX and a single DRX configuration. Multiple Cell DTX/DRX configurations can be discussed when the solution for a single Cell DTX and single DRX configuration has progressed.
2.3	Coexistence of Cell DTX/DRX and UE C-DRX
One of the aspects that needs to be addressed is how Cell DTX/DRX and UE C-DRX mechanisms interact with each other when the UE is configured with both Cell DTX/DRX and UE C-DRX at the same time. Solutions according to which, for example, UE C-DRX active period dominates Cell DTX non-active period (i.e., UE C-DRX active period extends Cell DTX non-active period) are not favourable in terms of NW energy savings, and hence should be avoided. 
[bookmark: _Toc127450758][bookmark: _Ref126768374]When specifying how the UE C-DRX and the Cell DTX/DRX mechanisms interact with each other when configured at the same time, one should strive for solutions that maximize opportunities for the NW sleep. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Example 1 from Section 6.1.4.4 in TR 38.864 is ruled out by the note in the WI description in which is stated that there should be no change for SSB transmissions due to Cell DTX/DRX.
Observation 2	The Cell DTX/DRX mechanisms should be designed such that the impact on the legacy UEs is minimized.
Observation 3	Mechanisms for extending Cell DTX and Cell DRX on duration times are needed to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to continue addressing the aspects of Cell DTX/DRX behaviour (i.e., which signals/channels can be omitted or reconfigured) during non-active periods after receiving the input from RAN1.
Proposal 2	In order to be able to configure Cell DTX and Cell DRX separately as captured in the TR [2], RAN2 needs to specify two sets of RRC parameters for configuring Cell DTX and Cell DRX, respectively.
Proposal 3	There is a need for Cell DTX and Cell DRX inactivity timers that would enable energy savings at the NW side. FFS on the exact design of the Cell DTX and Cell DRX inactivity timers and on triggering conditions.
Proposal 4	RAN2 to specify, at least, the following RRC parameters for Cell DTX: cell-dtxPeriodicity, cell-dtxStartOffset, cell-dtxOnDurationTimer, and cell-dtxInactivityTimer. FFS if there is a need for other parameters.
Proposal 5	RAN2 to specify, at least, the following RRC parameters for Cell DRX: cell-drxPeriodicity, cell-drxStartOffset, cell-drxOnDurationTimer, and cell-drxInactivityTimer. FFS if there is a need for other parameters.
Proposal 6	RAN2 should first focus on how to enable the full functionality of Cell DTX and Cell DRX features based on the received RRC configuration.
Proposal 7	If established as beneficial, lower layer signalling (e.g., dynamic L1/L2 signalling) can be introduced later as Cell DTX and Cell DRX enhancements.
Proposal 8	RAN2 should first focus on developing the mechanisms for supporting a single Cell DTX and a single DRX configuration. Multiple Cell DTX/DRX configurations can be discussed when the solution for a single Cell DTX and single DRX configuration has progressed.
Proposal 9	When specifying how the UE C-DRX and the Cell DTX/DRX mechanisms interact with each other when configured at the same time, one should strive for solutions that maximize opportunities for the NW sleep.
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