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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The release 18 work item on network energy savings for NR [1] was approved in RAN#98 meeting and one of the objectives is as follows:

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 discuss potential solutions and our views on cell DTX/DRX configuration and UE behavior and procedures when cell DTX/DRX is in operation.

[bookmark: _Ref129681832]Discussion
Cell DTX/DRX Configuration 
Cell DTX/DRX aims at providing mechanisms informing UE whether the cell stays inactive. Currently, the gNB can use reduced downlink transmission/uplink reception activity without an explicit cell DTX/DRX pattern with restrictions due to UE DRX configurations and any configured transmission/reception, e.g., common channels/signals. Existing solutions for cell DTX/DRX configuration can fall under of the following two categories:

· Achieving cell DTX/DRX by implementation without introduction of DTX/DRX pattern at gNB side in specifications
· Independently configured cell DTX and DRX pattern/design

Observation 1: Cell DTX/DRX can be configured either via gNB implementation or cell DTX and DRX patterns can be configured and operated independently.

Below we briefly discuss details of these two categories.

· Achieving cell DTX/DRX by implementation without introduction of DTX/DRX pattern at gNB side in specifications:

This involves adapting the DRX configurations of UEs such that OFF durations are aligned so that gNB can become inactive and network energy saving gain can be achieved. Legacy C-DRX is configured per UE and alignment of the DRX cycles or offsets for different UEs can be done only via RRC. During UE DRX off period, the UE does not expect to monitor PDCCH, but it is allowed to initiate UL transmission according to the configured resources (e.g. using PUCCH, RACH, SR, or CG-PUSCH). Aligning/Omitting of DRX patterns across multiple UE's can be achieved via gNB implementation potentially allowing longer opportunities for cell inactivity.

Achieving cell DTX via alignment of UE C-DRX (start slot/offset, ON/OFF durations) may result in inefficient power consumption of the UEs for which longer DRX duration may be possible due to their peculiar traffic characteristics. As shown in Figure 1, alignment of ON and OFF durations of UE1 and UE2 would result in more consumption for UE2 since its original ON duration is smaller as compared to new aligned (gNB active) duration. Hence, we think C-DRX cycles for different UEs must be aligned such that ON durations of different UEs are completely concentrated within cell/gNB active time to maximize energy saving gain from cell DTX and avoid over consumption of UE power where possible. Moreover, if UE C-DRX is configured we need to define UE behavior such that it does not have to stay active unnecessarily.

Proposal 1: Align C-DRX cycles for different UEs such that ON durations of different UEs are completely concentrated within cell/gNB active time.
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Figure 1 3 UE C-DRX configuration alignment to achieve gNB DTX

Alignment of C-DRX of UEs cannot implement cell DRX as during UE DRX off period the UE is allowed to initiate UL transmission. However, cell DRX can be configured by gNB implementation via appropriate configuration of UL resources to allow inactive periods for UL transmission.  Therefore, enhancements may need to be considered for cell DRX configuration.

Following options can be considered for signaling to align DRX of UEs:
· UE specific signaling 
· Cell specific signaling
· Group specific signaling

[bookmark: _Hlk126851329][bookmark: _Hlk126851356]Considering aforementioned signaling options, depending on the number of connected mode UEs, (re) configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX via gNB implementation may result in large signaling overhead. Therefore, group specific or cell specific signaling may be more suitable for cell DTX/DRX configuration and operation.

Observation 2: (Re)Configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX, may result in large signalling overhead for relatively large number of connected UEs.

Proposal 2: Support group specific or cell specific signaling for cell DTX/DRX configuration and operation.

· Independently configured cell DTX and DRX pattern/design:

Cell DTX and DRX patterns can be configured and operated either separately (e.g. one RRC configuration set for DL and the other set for UL) or together.  Following proposals have been made in the literature under this category:
· Cell DTX/DRX pattern configured by SIB signaling for all UEs [2]
· Periodic cell DTX/DRX pattern configured by UE-specific RRC 

In our view, it may be more efficient (from signalling load and device power consumption perspective) to configure cell DTX/DRX independently and specify enhancements for interaction of legacy UE C-DRX and cell DTX/DRX configuration.

According to the notes of the objectives, there should be no change for SSB transmission due to cell DTX/DRX for the cell. And also, the impact to IDLE/INACTIVE UEs due to the Cell DTX/DRX behaviour should be avoided. Therefore, cell/gNB DTX/DRX pattern can be defined around SSB transmission location such that gNB OFF duration is configured within the gap between two SSB sets transmission. It is also possible to configure longer gNB OFF duration spanning multiple SSB periods, however, gNB still transmits SSB (and TRS too). Cell DTX/DRX configuration may be defined similarly to UE C-DRX  e.g., period of gNB activity followed by OFF duration, short DTX/DRX cycle(s) within long DTX/DRX cycle. There may be additional information defining DTX/DRX configuration, e.g. configuration of resources for UL/DL signals or channels.

Proposal 3: Support configuration of cell DTX/DRX cycle around SSB transmission.

Parameters defining cell DTX/DRX pattern can include different elements e.g., ON duration, OFF duration, periodicity, start slot/offset, number of cycles etc. DTX/DRX patterns can be associated with the SSB transmission characteristics e.g., an increase in period between SSB transmissions can be mapped to more patterns e.g. with different periodicities while reduced SSB transmission periodicity can be mapped to lower number of associated cell DTX/DRX patterns/configurations. This way, change in SSB transmission can implicitly indicate change in DTX/DRX configuration.

Proposal 4: Support mapping of cell DTX/DRX patterns/configurations to SSB transmission characteristics.

Following  alternatives can be considered for mapping between SSB transmission parameter(s) and DTX/DRX configuration:

Alt-1: One cell DTX/DRX pattern is specified/configured and cycles within SSB transmission period are (i) determined implicitly by SSB transmission periodicity and/or pattern; (ii) indicated explicitly by the network. Other variable parameters related to the DTX/DRX configuration may be indicated either implicitly, explicitly or in an implicit + explicit manner by the network.

Alt-2: There is one to one mapping between SSB transmission parameter(s) and DTX/DRX patterns. In this case DTX/DRX configuration is implicitly determined based on the SSB transmission configuration e.g. change in SSB transmission periodicity and/or SSB transmission pattern implies change in DTX/DRX configuration according to the specified/preconfigured mapping. 

Alt-3: There is one to many mapping between SSB transmission parameter(s) and DTX/DRX configurations. Which configuration to use is indicated by the network. Values of different parameters related to cell DTX/DRX pattern can be indicated implicitly, explicitly or via a combination of implicit and explicit mechanisms.

Alt-4: Min. granularity of on/off period is configured by the network. The granularity can be in symbols, slots, subframes, frames or time (e.g. ms). Multiplication factor (Non, and Noff for ON and OFF durations, respectively) to determine actual duration of on/off period can be determined implicitly or configured semi-statically or dynamically. Number of cycles is also implicitly or explicitly determined. Implicit determination can be done based on preconfigured mapping e.g., based on SSB transmission periodicity or some other rules.

Configuration and indication of cell DTX/DRX can also be done without mapping with respect to SSB transmission parameters. Minimum granularity of on/off period can be configured and multiplication factor to determine actual duration of on/off period per cycle can be determined implicitly or configured either semi-statically or dynamically. For instance actual OFF duration (hence multiplication factor Noff) in a cycle may be determined based on cell’s ON duration and location of another configured channel/signal.

For a gNB which runs multiple cells, DTX/DRX may be configured for one or more cells for energy saving, meanwhile other cells may still work in the legacy mode (i.e., without DTX/DRX) to provide continuous service. Therefore, for a UE in CA mode, it is possible that more than one serving cells are configured with cell DTX/DRX. If these cells share a common DTX/DRX configuration, e.g., same starting offset, duration and periodicity, then the cells may start and end the DTX/DRX on-duration simultaneously, and this may be beneficial for UE power saving. On the contrary, if these cells can be configured with independent DTX/DRX parameters, it is beneficial to provide UE a flexible on-off pattern across multiple serving cells, e.g., when a first serving cell is in a DTX/DRX off-duration, there may be a second serving cell in a DTX/DRX on-duration, therefore it can still be served by the second serving cell and the overall traffic latency can be reduced.

Proposal 5: For the cell DTX/DRX configuration in CA scenario, support both the common DTX/DRX configuration and independent DTX/DRX configurations for different cells.

In the existing UE C-DRX, dynamic indication of the activation or inactivation of a DRX on-duration by wake-up signal (i.e., the DCP) is supported, it allows the UE to stay in the sleeping mode if gNB has no data for it in the next on-duration. In addition, an on-duration can also be early terminated by a go-to-sleep MAC-CE signalling if all the transmission for the UE is finished. These mechanisms are very useful for further reduce the power consumption for UE, and similar methods can be also studied for the cell DTX/DRX.

Proposal 6: Support dynamic indication of the activation or inactivation of a cell DTX/DRX on-duration, and dynamic indication of extension or termination of a cell DTX/DRX on-duration.

[bookmark: _Hlk67056900]Interaction of legacy C-DRX and cell DTX/DRX
A straight forward solution for interaction of legacy UE C-DRX and cell DTX/DRX is that cell DTX overrides the UE behavior on UE DRX. However, there may be inefficient power consumption  for some UEs as described earlier. Therefore, we prefer that cell DTX/DRX is configured independently and UEs with inactivity durations longer than cell inactivity duration still stay inactive outside cell inactive period. Network can indicate cell DTX/DRX configuration and parameters and L1/L2 signalling can be used to activate cell DTX/DRX. Activation signalling can also configure some parameters of DTX/DRX pattern, that is to be activated, in an implicit and/or explicit manner. For instance, there may be an implicit relation between reception of activation signalling and start slot/offset of cell DTX/DRX.  Or start offset/slot for cell DTX/DRX cycle can be indicated explicitly via the activation signaling.
Proposal 7: Indicate parameters related to cell DTX/DRX pattern via DTX/DRX activation signalling.

[bookmark: _Hlk126863166]Activation signalling can also indicate if cell DTX overrides C-DRX of UEs or not. In the latter case, network can also indicate if start offset/slot of C-DRX cycle of UEs need alignment with start of cell DTX cycle. UEs without legacy C-DRX configuration can consider active and inactive period in cell DTX/DRX pattern for reception/transmission of signals and channels as per cell DTX/DRX configuration. Transmission from UEs can only take place in gNB active periods according to the configured cell DRX configuration.
If activation signalling indicates that cell DTX does not override UE C-DRX, behavior of UEs with legacy C-DRX configuration can be adapted as follows:
· Cell DTX/DRX overrides the UE behavior on UE C-DRX if C-DRX cycle(s) is completely concentrated within cell inactivity period.
· Legacy UE behavior is not expected to change if its C-DRX cycle(s) is completely concentrated within cell active/ON period.
· If C-DRX cycle of a UE overlaps with the cell DTX cycle such that UE’s inactive duration overlaps with cell’s active and inactive duration,  UE remains OFF for its entire inactive duration. 
· If C-DRX cycle of a UE overlaps with the cell DTX cycle such that UE’s active duration overlaps with cell’s active and inactive duration,  UE remains active only for the duration when UE’s and cell’s ON duration overlap. 
Proposal 8: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have following observations and proposals.

Observation 1: Cell DTX/DRX can be configured either via gNB implementation or cell DTX and DRX patterns can be configured and operated independently.
Proposal 1: Align C-DRX cycles for different UEs such that ON durations of different UEs are completely concentrated within cell/gNB active time.
Observation 2: (Re)Configuration of UL and/or DL channels and signals in a UE specific manner, to configure cell DTX/DRX, may result in large signalling overhead for relatively large number of connected UEs.
Proposal 2: Support group specific or cell specific signaling for cell DTX/DRX configuration and operation.
Proposal 3: Support configuration of cell DTX/DRX cycle around SSB transmission.
Proposal 4: Support mapping of cell DTX/DRX patterns/configurations to SSB transmission characteristics.
Proposal 5: For the cell DTX/DRX configuration in CA scenario, support both the common DTX/DRX configuration and independent DTX/DRX configurations for different cells.
Proposal 6: Support dynamic indication of the activation or inactivation of a cell DTX/DRX on-duration, and dynamic indication of extension or termination of a cell DTX/DRX on-duration.
Proposal 7: Indicate parameters related to cell DTX/DRX pattern via DTX/DRX activation signalling.
Proposal 8: Cell DTX/DRX activation signaling indicates whether cell DTX overrides C-DRX of UEs or not.
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