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1 Introduction
RAN approved a new work item on network energy saving (NES) [1]. The WI aims to reduce environmental impact and for operational cost savings of operating NR networks. One objective of the work item on Cell DTX/DRX:

1. 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.

During the study item phase, RAN2 discussed NW DTX/DRX and the TR description summarized in Annex A was agreed. Further, during the at meeting email discussion [4], the following open issues were identified: 
· Which configured DL and UL resources can be assumed as deactivated/suspended during DTX and DRX, respectively, including: PDCCH, PDSCH, PUSCH, PRACH, PUCCH

· Which UE-specific DL and UL signals can be assumed as deactivated/suspended during DTX and DRX, including CSI-RS and SRS.

· Whether there can be some exceptions to cell DTX/DRX assumptions, e.g. to suspend cell DTX/DRX during RA

· Suspension of CSI measurements and beam management during DTX, e.g. if SSBs or RS are not transmitted per legacy assumptions

· Impact on the timers in MAC (e.g. DRX, BFD) during DTX

This contribution discussed the open issues on Cell DTX/DRX.
2 Discussion
2.1 Behaviour during Cell DTX/DRX non-active periods
During the SI, the following examples were listed as possible options for during non-active periods of cell DTX/DRX:

-
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).

Example 1 seems to be excluded by the WI objective notes “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.” Example 3 seems to omit only dynamic scheduling during DTX inactive periods, thus assumes that gNB performs blind decoding on CGs and the UE is blind decoding for PDCCH and SPS occasions during sleep durations. Rather than focusing the examples, we analyse each DL and UL channel type separately.
Observation 1:
Rather than down-selecting a single example for the UE-gNB expected behaviour during cell DTX/DRX non-active periods, it is better to look into for each DL and UL channel type.

As a first principle, it is good to assume that common signals and channels that are used by legacy UEs are assumed to be transmitted as usual during cell DTX non-active periods. This protects legacy UEs from any impact and is in line with the WI objective notes “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.”
Proposal 1: 
DL common signals and channels are assumed to be transmitted as usual during cell DTX non-active periods per legacy assumptions, including SSBs, SIB, and paging channels.
For UE-specific UL signals and channels, the UE behaviour depends on the resource type. For dynamic grants and DL resource assignments, it can be assumed that the UE monitors PDCCH according to the active C-DRX cycle, and the network can ensure that the C-DRX cycle matches the Cell DTX pattern.

Proposal 2: 
For the reception of UL grants and DL assignments during cell DTX non-active period, UE monitors PDCCH per legacy C-DRX assumptions. No specification changes are required.
For user-specific DL signals (e.g. CSI-RS, PTRS, TRS), the UE can assume that such RS resources are not transmitted during cell DTX non-active periods, as such resources are not shared with legacy UEs. This allows the UE and NW to adapt RS measurement occasions to the periods during which cell DTX is active. Such can be a working assumption to be confirmed by RAN1.
Proposal 3: 
WA: UE considers user-specific reference signals as not transmitted during Cell DTX non-active periods. Send an LS to RAN1 to confirm.

For semi-static DL resources, including DL SPS grants, the following options are possible for the default UE behaviour for SPS monitoring during cell DTX non-active periods:
1. UE to autonomously deactivate SPS resources during cell DTX non-active periods

2. UE keeps the SPS configurations active, if already active, but the UE does not monitor SPS occasions overlapping with cell DTX non-active periods

3. UE monitors SPS occasions overlapping with cell DTX non-active periods

4. UE is configured with one of the above options per SPS configuration, per cell DTX configuration, or per MAC entity

The first option can be rigid, as it results in frequent activation and de-activation. The second option is simple and allows for the most network energy savings during cell DTX, but can be inflexible for the scheduler, especially when supporting different QoS for multiple UEs in the cell. The third option has less spec impact, but doesn’t result in added energy savings. The fourth option provides more flexibility for the scheduler and leaves the decision to the NW, where if latency is tolerable, the NW may configure some SPS resources to be not monitored during Cell DTX non-active periods. Some RAN1 input might be necessary to proceed with choosing which option, and thus an LS can be sent to RAN1 if necessary.

Proposal 4: 
RAN2 to discuss the following options for monitoring SPS resources during cell DTX inactive period, and send LS to RAN1 if necessary:
· UE to autonomously deactivate SPS resources during cell DTX non-active periods

· UE keeps the SPS configurations active, if already active, but the UE does not monitor SPS occasions overlapping with cell DTX non-active periods

· UE monitors SPS occasions overlapping with cell DTX non-active periods

· UE is configured with one of the above options per SPS configuration, per cell DTX configuration, or per MAC entity
Similarly, for semi-statically configured UL resources, including UL configured grants, the following options are possible for the default UE behaviour for UL CG transmission during cell DRX non-active periods:

1. UE to autonomously deactivate UL CGs during cell DRX non-active periods

2. UE keeps the CG active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods

3. Allow the UE to transmit on CG occasions overlapping with cell DRX non-active periods

4. UE is configured with one of the above options per CG, per MAC entity, or per cell DRX configuration

Some RAN1 input might be necessary to proceed with choosing which option, and thus an LS can be sent to RAN1 if necessary.

Proposal 5: 
RAN2 to discuss the following options for UE transmitting on CG occasions during cell DRX inactive period, and LS RAN1 if necessary:
· UE to autonomously deactivate UL CGs during cell DRX non-active periods

· UE keeps the CG active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods

· Allow the UE to transmit on CG occasions overlapping with cell DRX non-active periods

· UE is configured with one of the above options per CG, per MAC entity, or per cell DRX configuration

For PRACH resources shared with legacy UEs, it is simpler to assume that the NES-capable UE can use such PRACH resources during the cell DRX non-active periods. 

If the cell does not serve legacy UEs, one possibility is to configure per PRACH resource whether the UE can transmit a preamble during cell DRX non-active periods or not. It can be beneficial for the NES-capable UEs to delay PRACH transmissions until the cell DRX active period to allow for some energy saving during cell DRX non-active period. This decision is up to the network, depending on the need for energy savings vs. allowing some PRACH resources that can be used during cell DRX non-active periods.
Proposal 6: 
The UE is configured per PRACH resource configuration with whether a preamble can be transmitted during Cell DRX non-active periods.

SR resources can be dedicated and configured on a per UE basis. For each SR configuration, the UE can be configured with a one or more LCH to map to such resource. However, PUCCH resources of some SR configuration may be shared with legacy UEs, depending on network configuration. Therefore, it makes sense to configure the UE per-SR configuration with whether the UE can transmit SR during Cell DRX non-active periods. Further, configuring it per SR configurations allows the UE to report data arrival for a subset of LCHs, where data latency might be more critical. 

Proposal 7: 
The UE is configured per SR configuration with whether SR can be transmitted during Cell DRX non-active periods.

2.2 Impact on MAC timers

For many MAC timers, including DRX timers and RA and SR procedures timers, the UE is specified to monitor PDCCH after uplink transmissions or downlink receptions. Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL) or operated together. If Cell DRX and Cell DTX active times are not aligned, the UE may transmit during a Cell DRX active period but PDCCH monitoring per already specified by existing timers following the uplink transmission can fall during a Cell DTX non-active period. One objective of the WI is to align the UE connected mode DRX and PDCCH monitoring with Cell DTX pattern, in order to save UE battery consumption and avoid unnecessary PDCCH monitoring when the gNB is asleep. 
Proposal 8: 
RAN2 to consider alignment of DRX, RA, and SR timers for PDCCH monitoring with Cell DTX active times. FFS details
2.3 UE measurements and reporting
In connected mode, the UE is specified to make channel measurements on the serving and neighbouring cells, including BFD, CSI, and RLM measurements. The UE can suspend RLM and BFD measurements for example if relevant CSI-RS measurements are not transmitted during cell DTX. When cell DTX is activated, the UE should not measure samples not transmitted by the network due to DTX. 
Proposal 9: 
UE does not measure BFD, CSI, and RLM samples not transmitted by the network during Cell DTX non-active periods of the serving cell. Related timers are counters are not affected by such measurement occasions.
Similarly for neighbour cell IMR and RRM measurements, the UE shall know which measurement occasions are applicable in neighbouring cells, when the neighbouring cell is in Cell DTX. The UE can be informed of the cell DTX pattern of neighbouring cells. An LS can be sent to RAN3 to enable inter-node information exchange on cell DTX/DRX patterns between neighbouring gNBs.

Proposal 10: 
UE does not measure IMR and RRM measurement samples not transmitted by the network during Cell DTX non-active periods of neighbour cells.
Proposal 11: 
The UE is informed of the cell DTX pattern of neighbouring cells. An LS can be sent to RAN3 to enable inter-node information exchange on cell DTX/DRX patterns between neighbouring gNBs.


In terms of reporting measurements and other information that can be useful to the serving cell while Cell DTX/DRX is activated, the UE can report measurements during the Cell DRX active periods. Additional information such as buffer status reporting or a preferred Cell DTX/DRX configuration can be beneficial to aid the network in reconfiguring Cell DTX/DRX or deactivating an active pattern.  

If the serving cell is in cell DTX activated, and the UE has high priority data to transmit, it can be beneficial for the UE to indicate such data arrival. BSR can be used to report data arrival, but when the network is in cell DRX, the BSR can be delayed. Further, the UE may have an available grant, but the grant cannot be used during Cell DRX non-active period. In such scenario, current specifications require the UE multiplex a BSR instead of triggering SR, even though the available UL grant might not be usable due to Cell DRX.
Observation 2:
Reporting additional information such as BSR or a preferred Cell DTX/DRX configuration or deactivation can be beneficial to support UE throughput and latency requirement. If BSR is received only during non-active periods, the reported BSR may be outdated.

Proposal 12: 
RAN2 to consider means to ensure reported buffer status is not stale when cell DRX is activated.
2.4 Configuration of cell DTX/DRX pattern

During the SI, an agreement was made in RAN2#120 that the cell DTX and cell DRX modes can be configured and operated separately or together. It was also captured in the TR [2] that the parameters that can be configured per cell DTX/DRX configuration includes at least: periodicity, start slot/offset, on duration. 

The designs for both the cell DTX and cell DRX patterns can reuse the legacy design for UE long DRX cycle pattern as baseline. This can be beneficial in terms of minimizing any spec efforts and for aligning the mechanisms between the DRX patterns at the cell and UE as per the WID objective. Similar to the UE long DRX cycle pattern, a cell DTX/DRX pattern can be defined by at least the following parameters:  

· On duration: The semi-statically configured duration in an DTX/DRX occasion when the cell performs active transmissions/receptions.

· Periodicity: The duration between the start of successive cell DTX/DRX On duration occasions. 

· Slot offset: Start offset of an On duration relative to the start of a cell DTX/DRX occasion
· Inactivity timer: upon expiry of the timer, the behaviour discussed in seciotn 2.1 for the non-active period is applicable.
The parameters for cell DTX/DRX can be expressed in units of subframes (or milliseconds) in the same way as the UE long DRX cycle.
Proposal 13: 
Cell DTX/DRX pattern can be defined by at least the following parameters:

· On duration: The semi-statically configured duration in an DTX/DRX occasion when the cell performs active transmissions/receptions.

· Periodicity: The duration between the start of successive cell DTX/DRX On duration occasions. 

· Slot offset: Start offset of an On duration relative to the start of a cell DTX/DRX occasion
· Inactivity timer: upon expiry of the timer, the behaviour discussed in seciotn 2.1 for the non-active period is applicable.
3 Conclusion
In this contribution, network energy saving techniques in the time domain is discussed, with focus on higher layer aspects. The following observations and proposals are provided:

Observation 1:
Rather than down-selecting a single example for the UE-gNB expected behaviour during cell DTX/DRX non-active periods, it is better to look into for each DL and UL channel type.

Proposal 1: 
DL common signals and channels are assumed to be transmitted as usual during cell DTX non-active periods per legacy assumptions, including SSBs, SIB, and paging channels.

Proposal 2: 
For the reception of UL grants and DL assignments during cell DTX non-active period, UE monitors PDCCH per legacy C-DRX assumptions. No specification changes are required.

Proposal 3: 
WA: UE considers user-specific reference signals as not transmitted during Cell DTX non-active periods. Send an LS to RAN1 to confirm.

Proposal 4: 
RAN2 to discuss the following options for monitoring SPS resources during cell DTX inactive period, and send LS to RAN1 if necessary:

· UE to autonomously deactivate SPS resources during cell DTX non-active periods

· UE keeps the SPS configurations active, if already active, but the UE does not monitor SPS occasions overlapping with cell DTX non-active periods

· UE monitors SPS occasions overlapping with cell DTX non-active periods

· UE is configured with one of the above options per SPS configuration, per cell DTX configuration, or per MAC entity

Proposal 5: 
RAN2 to discuss the following options for UE transmitting on CG occasions during cell DRX inactive period, and LS RAN1 if necessary:

· UE to autonomously deactivate UL CGs during cell DRX non-active periods

· UE keeps the CG active, but the UE does not transmit on CG occasions overlapping with cell DRX non-active periods

· Allow the UE to transmit on CG occasions overlapping with cell DRX non-active periods

· UE is configured with one of the above options per CG, per MAC entity, or per cell DRX configuration

Proposal 6: 
The UE is configured per PRACH resource configuration with whether a preamble can be transmitted during Cell DRX non-active periods.

Proposal 7: 
The UE is configured per SR configuration with whether SR can be transmitted during Cell DRX non-active periods.

Proposal 8: 
RAN2 to consider alignment of DRX, RA, and SR timers for PDCCH monitoring with Cell DTX active times. FFS details

Proposal 9: 
UE does not measure BFD, CSI, and RLM samples not transmitted by the network during Cell DTX non-active periods of the serving cell. Related timers are counters are not affected by such measurement occasions.

Proposal 10: 
UE does not measure IMR and RRM measurement samples not transmitted by the network during Cell DTX non-active periods of neighbour cells.

Proposal 11: 
The UE is informed of the cell DTX pattern of neighbouring cells. An LS can be sent to RAN3 to enable inter-node information exchange on cell DTX/DRX patterns between neighbouring gNBs.

Observation 2:
Reporting additional information such as BSR or a preferred Cell DTX/DRX configuration or deactivation can be beneficial to support UE throughput and latency requirement. If BSR is received only during non-active periods, the reported BSR may be outdated.

Proposal 12: 
RAN2 to consider means to ensure reported buffer status is not stale when cell DRX is activated.

Proposal 13: 
Cell DTX/DRX pattern can be defined by at least the following parameters:

· On duration: The semi-statically configured duration in an DTX/DRX occasion when the cell performs active transmissions/receptions.

· Periodicity: The duration between the start of successive cell DTX/DRX On duration occasions. 

· Slot offset: Start offset of an On duration relative to the start of a cell DTX/DRX occasion
· Inactivity timer: upon expiry of the timer, the behaviour discussed in seciotn 2.1 for the non-active period is applicable.
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5 Annex A: Cell DTX/DRX description in TR 38.864
Technique A-4 Adaptation of DTX/DRX 
6.1.4.1
Description of technique

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. Currently C-DRX is configured per UE. The 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. 

Technique A-4 aims at providing mechanisms informing UE whether the cell stays inactive. This may include enhancements to UE DRX configuration, e.g. to align/omit DRX cycles or start offsets of DRX, for UEs in connected mode or idle/inactive mode, potentially allowing longer opportunities for cell inactivity. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. For example, the cell does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels.

6.1.4.2
Analysis of NW energy saving and performance impact

[skipped text]
6.1.4.3
Legacy UE and RAN1 specification impacts

For the cell DTX/DRX cases, depending on DTX/DRX occasions, legacy UEs and UEs that do not support the technique may not have impact to idle/inactive/connected mode operations. For example, if DTX/DRX are not applied to common signals and channel required for idle/inactive/connected modes or applied in UE specific manner, legacy UEs and UEs that do not support the technique may not be impacted.

Specification impact of the technique may include:

-
design of cell DTX/DRX pattern/timers/parameters/procedure, if needed,

-
configuration and indication of cell DTX/DRX information to UE, if needed and applicable,

-
UE behavior and procedures when cell DTX/DRX is in operation and/or when UE DRX is configured, if needed,

-
potential channel/signal design and mechanism and uplink procedure (e.g., UE request or assistance feedback) related to cell DTX/DRX,

-
enhancements to UE DRX configuration

-
enhancements to UE DRX parameter adaptation.

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.
6.1.4.5
Impacts on network interfaces

The cell DTX/DRX information is considered necessary to be exchanged and coordinated between neighbour gNBs. The gNB can use the received cell DTX/DTX information to determine its own cell DTX/DRX configuration for network energy saving purpose. 
Note: The details of cell DTX/DRX is finally up to RAN1 and RAN2.
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