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1	Introduction
[bookmark: _Ref178064866]A new work item (WI) on Network energy savings for NR was approved at RAN#98 [2], 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].




2	Discussion
2.1	Background
[bookmark: _Hlk118378814]During the study phase, the use of cell DTX and cell DRX mechanisms was discussed as an approach to reduce the energy consumption of 5G NR networks. Some general aspects have been captured in [3], but many details need to be discussed during the WI phase. The first agreements done in RAN2#121 were:
	Agreements
There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
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.
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.
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.  



Discussion about DTX/DRX - gNB and UE behaviours has been carried on [POST121][311][NES] [4]. The proposals for agreement at the time to write this TDoc are captured below.

	Proposal 1: As baseline, UE drops monitoring SPS occasions during Cell DTX non-active period. gNB is assumed to be not transmitting PDSCH on such SPS occasions during the Cell DTX non-active period. (21/25)
FFS: whether it is possible to configure an exception to this (e.g. per SPS or cell DTX configuration) such that the UE monitors SPS occasions during Cell DTX non-active period to support low latency traffic. (14/25)
Proposal 2: As baseline,UE does not transmit on CG occasions overlapping with Cell DRX non-active periods. (21/25) FFS: whether it is possible to configure an exception to this (e.g. per CG or Cell DRX configuration) such that the UE can transmit on CG occasions overlapping with Cell DRX non-active periods to support low latency traffic. (13/25)
Proposal 3: 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 (18/25). FFS: whether it is possible to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support low latency traffic. (11/25)
Proposal 4: 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. (22/25)
Proposal 5a: 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. (21/25)
Proposal 5b: 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 (22/25)
Proposal 6a: RAN2 to discuss the following options for UE behaviour for PDCCH monitoring for dynamic retransmissions during cell DTX non-active period:
1. [bookmark: _Hlk131605595]UE doesn’t monitor PDCCH for dynamic grants/assignments for dynamic retransmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. (14/24)
1. UE monitor PDCCH for dynamic grants/assignments for retransmissions during the UE’s C-DRX Active time per legacy behaviour, even during the Cell DTX non-active period. (7/24)
1. Option 1 for retransmission of dynamically scheduled TBs, FFS for retransmission of CG or SPS (2/24)
Proposal 6b: RAN2 to discuss the following options for the understanding for the gNB scheduling behaviour for dynamic retransmissions during Cell DTX non-active period:
1. gNB does not schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, even if the UE is in C-DRX Active Time (14/24)
1. gNB can schedule UE-specific dynamic grants/assignments for retransmissions during cell DTX non-active periods, but not outside of the UE’s C-DRX Active time. (7/24)
1. Option 1 for retransmission of dynamic scheduling, FFS for retransmission of CG or SPS (2/23)
The following proposals are made such that they would be treated only if needed, depending on the outcome selected in Proposals 5 and 6: 
Proposal 7: UE can transmit on PUSCH dynamic grants during Cell DRX non-active periods if scheduling was received by the UE. (12/23)
Proposal 8: UE can receive dynamic PDSCH assignments during Cell DTX non-active periods if scheduling was received by the UE. (11/23)
Proposal 9: It is up to gNB implementation how to avoid the scheduling dynamic assignments with PUSCH/PDSCH occasions occurring during Cell DRX/DTX non-active periods. gNB can postpone the transmission of scheduling PDCCH and PUSCH/PDSCH occasions to a later active period for example. (19/23)


2.2	Multiple Cell DRX/DTX Configurations and Activation Method

Firstly, Cell DTX/DRX is not only a function of traffic but also the type of traffic. As an example, multiple VoLTE traffic can be handled with a fixed DRX cycle of 20ms with a short On-Duration and can be combined with SSB Timer. This shows that the reasoning that NES is only applicable in scenarios with very little traffic is not valid. Therefore, multiple types of loading/cycles and On-Durations would be required.
Secondly During RAN1 study, impact on Energy savings on different type of Power States were considered with different Times, however the impact of different type of sleep “Deep or Light” will not be captured if we have only a single type of Cell DTX/DRX. 

Observation 1: Multiple Cell DTX/DRX configurations are needed to maximize energy savings for different types of equipment and traffic variations. The activation of these configurations can be achieved through dedicated signalling. 
Observation 2: It is not correct to assume that NES DRX/DTX will only be valid for low traffic scenarios, rather it would depend on the type of traffic profile of users.
Observation 3: The choice between L1 and RRC signalling for activating such configurations is still under discussion in RAN 1. UE-specific RRC signalling per serving cell can be used to configure periodic Cell DTX/DRX.

Proposal 1: RAN2 to agree that multiple Cell DTX/DRX configurations with varying lengths and On-Duration timers are required for maximizing energy savings with minimum impact on users.
Proposal 2: One periodic (Default) configuration can be configured during RRC Setup procedure, while multiple configurations can be added in initial RRC Configuration and activated through RRC or L1 message (based on Traffic Profile.)
Proposal 3: RAN2 should let RAN1 decide on the choice of Signalling for activation of Cell DTX/DRX or Type of configuration should be (RRC,L1,Mac CE)

[bookmark: _Hlk131776849]2.3 Expected UE behaviour for Dynamic Grant for period when Cell in DRX/DTX 
During Post email discussion  [POST121][311][NES], there were diverging view on following proposals.
Proposal 7: UE can transmit on PUSCH dynamic grants during Cell DRX non-active periods if scheduling was received by the UE. (12/23)
Proposal 8: UE can receive dynamic PDSCH assignments during Cell DTX non-active periods if scheduling was received by the UE. (11/23)
Three options were provided during the discussion. 
· Option 1: UE receives dynamic PDSCH assignments during Cell DTX non-active periods if scheduling was received by the UE. 
· Option 2: if PDCCH indicates a DL assignment and the PDSCH overlaps with Cell DTX non-active period, the UE drops the PDSCH.
· Option 3: it is up to gNB implementation to avoid the issue, e.g. gNB to postpone the transmission of PDCCH to a later active period if its indicated PDSCH will be in the Cell DTX non-active period 

There are diverging views wether the standards should forbid UE’s to transmit during Cell DRX or UE can receive dynamic PDSCH assignments during Cell DTX non-active periods.
We acknowledge the potential synchronization issues and impact on UE battery life that may arise from scheduling a UE outside of cell DRX/DTX. However, we propose leaving the decision to the gNB scheduler to handle such situations. This is because even during low load, there may be short bursts of traffic, and instead of switching to a different type of DTX/DRX, if the gNB scheduler deems it necessary to grant a UE an uplink grant to schedule data during Cell DRX non-active periods, it should be permitted. This would help ensure efficient use of resources and improve overall network performance.
However, scheduling a DG-PUSCH can be a good mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, if the NW decides that it wants to receive a specific UL transmission from a UE during a Cell DRX period. This can be a simple and fast solution, especially if the NW dynamically decides to override Cell DRX. We believe that gNB can guarantee not to schedule DG-PUSCH in Cell DRX non-active periods.
Regarding the suggestion to postpone the transmission of PDCCH to a later active period, we think this may not be the only possible solution. Another possible way may be to guarantee that the scheduled PUSCH will be in the Cell DTX active period, which would simplify the solution (by gNB).
Observation 4: Scheduling a DG-PUSCH can be a good mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, especially if the NW dynamically decides to override Cell DRX.
Observation 5: gNB can guarantee not to schedule DG-PUSCH in Cell DRX non-active periods to avoid synchronization issues and battery life impact.

Proposal 4: RAN2 should consider scheduling a DG-PUSCH as a mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, especially if the NW dynamically decides to override Cell DRX.
Proposal 5: gNB should guarantee not to schedule DG-PUSCH in Cell DRX non-active periods to avoid synchronization issues and battery life impact.

2.3 Relationship between UE and Cell DRX

UEs can use Connected-Mode Discontinuous Reception (C-DRX) to reduce power consumption when the traffic needs are low. The C-DRX parameters include a cycle, start offset, an "ON-duration," and an inactivity timer that extends the UE's active time when receiving data.

The coexistence of Cell DTX/DRX and UE C-DRX configurations was discussed, and proposals were made to ensure alignment between the two mechanisms.
The proposal that the on-duration of C-DRX falls within Cell DTX on-duration and that the periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell's DTX periodicity are unnecessary. Partial overlap between the two mechanisms is sufficient, and UE behavior during active periods of UE C-DRX and Cell DTX non-active periods can be defined.

Observation 6: Restricting the periodicity of UE C-DRX configurations to be the same or a multiple of the serving Cell's DTX periodicity could negatively impact UE QoE by leaving the UE with few C-DRX on-duration occasions.
Observation 7: The UE behavior in C-DRX is well established and is the main enabler for legacy support in cells with Cell-DTX activated, so changes to C-DRX behavior should be minimized.

Proposal 6: Appropriately configuring UE C-DRX and Cell DTX parameters and specifying UE behavior in cases where UE C-DRX active periods occur during Cell DTX non-active periods, the network can ensure the functional coexistence of UE C-DRX and Cell DTX, allowing UEs to save power during periods of low traffic.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1: Multiple Cell DTX/DRX configurations are needed to maximize energy savings for different types of equipment and traffic variations. The activation of these configurations can be achieved through dedicated signalling. 
Observation 2: It is not correct to assume that NES DRX/DTX will only be valid for low traffic scenarios, rather it would depend on the type of traffic profile of users.
Observation 3: The choice between L1 and RRC signalling for activating such configurations is still under discussion in RAN 1. UE-specific RRC signalling per serving cell can be used to configure periodic Cell DTX/DRX.
Observation 3: Scheduling a DG-PUSCH can be a good mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, especially if the NW dynamically decides to override Cell DRX.
Observation 4: Scheduling a DG-PUSCH can be a good mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, especially if the NW dynamically decides to override Cell DRX.
Observation 5: gNB can guarantee not to schedule DG-PUSCH in Cell DRX non-active periods to avoid synchronization issues and battery life impact.
Observation 6: Restricting the periodicity of UE C-DRX configurations to be the same or a multiple of the serving Cell's DTX periodicity could negatively impact UE QoE by leaving the UE with few C-DRX on-duration occasions.
Observation 7: The UE behavior in C-DRX is well established and is the main enabler for legacy support in cells with Cell-DTX activated, so changes to C-DRX behavior should be minimized.

Based on the observations we have following Proposals
 Proposal 1: RAN2 to agree that multiple Cell DTX/DRX configurations with varying lengths and On-Duration timers are required for maximizing energy savings with minimum impact on users.
Proposal 2: One periodic (Default) configuration can be configured during RRC Setup procedure, while multiple configurations can be added in initial RRC Configuration and activated through RRC or L1 message (based on Traffic Profile.)
Proposal 3: RAN2 should let RAN1 decide on the choice of Signalling for activation of Cell DTX/DRX or Type of configuration should be (RRC,L1,Mac CE)
Proposal 4: RAN2 should consider scheduling a DG-PUSCH as a mechanism for the NW to override Cell DRX without the need for a full-on reconfiguration, especially if the NW dynamically decides to override Cell DRX.
Proposal 5: gNB should guarantee not to schedule DG-PUSCH in Cell DRX non-active periods to avoid synchronization issues and battery life impact.
Proposal 6: Appropriately configuring UE C-DRX and Cell DTX parameters and specifying UE behavior in cases where UE C-DRX active periods occur during Cell DTX non-active periods, the network can ensure the functional coexistence of UE C-DRX and Cell DTX, allowing UEs to save power during periods of low traffic.
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