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Introduction
In RAN1#112, initial discussions on Rel-18 cell DTX/DRX mechanism were held and as a result the following agreements were reached [1]:
Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded

Further, RAN2 agreed the followings in RAN2#121 [2]:
	Agreements
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. 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.
3. 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.
4. 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.



In this contribution, we discuss issues and potential enhancements related to RAN1 for cell DTX/DRX mechanism. This tdoc is a revision of R1-2301048.

Discussion
Impact on signals/channels during cell DTX/DRX non-active time
As captured in the previous section, a list of signals/channels that may be impacted during cell DTX/DRX non-active time was identified for further study in the last RAN1 meeting. Also, there is ongoing discussion in RAN2 on the same topic started from an email discussion [POST121][311][NES], where discussions are focusing on SPS/CG, SR, PDCCH, and dynamic PDSCH/PUSCH. It is expected that some decisions will be made on those channels in the upcoming RAN2 meeting. Taking the situation into account, we suggest deferring discussions on those channels together with PDSCH HARQ-ACK in RAN1 until receiving input from RAN2.
Observation 1: For behaviours during cell DTX/DRX non-active time, there is ongoing discussion in RAN2 on SPS/CG, SR, PDCCH, and dynamic PDSCH/PUSCH.
Proposal 1: Suspend discussions in RAN1 for SPS/CG, SR, PDCCH, dynamic PDSCH/PUSCH, and HARQ-ACK of dynamic/SPS PDSCH until receiving input from RAN2.

For periodic and semi-persistent CSI-RS (including TRS), SRS, and CSI report, a desirable UE behaviour outside cell DTX/DRX active time is to skip those transmissions to maximize the NES gain. Even if some CSI-RS/TRS occasions during cell DTX/DRX non-active time are dropped, synchronization and measurement performance can be maintained at a manageable level assuming that the dropped occasions do not contribute to DL measurements. If the impact is expected to be serious, the CSI-RS/TRS periodicity can be set to be aligned with cell DTX/DRX on duration cycles. Therefore, overall impact of the dropping is considered to be manageable based on proper gNB implementation. Nevertheless, if a necessity to allow such periodic/semi-persistent signals during the non-active time is identified, we can study to have configurability of whether or not to skip those transmissions to provide flexibility.
For aperiodic CSI-RS, SRS, and CSI report, gNB can avoid by implementation assigning those signals outside cell DTX/DRX active time. Therefore, it is desirable that UE does not expect to be scheduled such signals in cell DTX/DRX non-active time.
Proposal 2: For periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, and periodic/semi-persistent CSI report, during cell DTX/DRX non-active time, down-select from the following options:
· Option 1: UE skips those transmissions
· Option 2: UE can be configured whether or not to receive/transmit those transmissions (FFS: configuration unit)
Proposal 3: Skipped CSI-RS occasions during cell DTX/DRX non-active time do not contribute to RRM/RLM, CSI/beam report, and BFR.
Proposal 4: For aperiodic CSI-RS, aperiodic SRS, and aperiodic CSI report, UE does not expect to be scheduled with those transmissions during cell DTX/DRX non-active time.

Activation/deactivation signalling for cell DTX/DRX
Basically, cell DTX/DRX operations can be activated/deactivated by RRC configuration. For example, cell DTX/DRX can be automatically activated after RRC-configured and deactivated after RRC-released. However, to cope with dynamic traffic, the RRC-based activation/deactivation method is not enough. In medium to high load cases, to serve remaining traffics stuck in queue, we think at least L1-based dynamic cell DTX deactivation is beneficial. UE can be indicated during cell DTX active time whether or not to go-to-sleep at the next occurrence of cell DTX non-active time (i.e., off-duration) such that gNB can opportunistically enter energy saving mode.
On the other side, in low load case, no unicast traffic may exist during some cell DTX on-durations. In those periods, it would be beneficial for gNB and UE not to wake up and continue to sleep. UE can monitor activation DCI outside cell DTX active time to know whether or not to wake-up at the next occurrence of cell DTX on-duration, similar to the wake up signalling in UE C-DRX.
Proposal 5: Support dynamic deactivation of cell DTX based on DCI. The deactivation DCI
· indicates UE whether or not to go-to-sleep at the next occurrence of cell DTX off-duration
· is monitored within DTX active time (before target off-duration)
Proposal 6: Support dynamic activation of cell DTX based on DCI. The activation DCI
· indicates UE whether or not to wake-up at the next occurrence of cell DTX on-duration
· is monitored outside DTX active time (before target on-duration)

For the activation DCI, the principles applied to the Rel-16 WUS can be reused to a large extent. Regarding the DCI format, one can introduce a new group-common DCI format, or refine the existing DCI format 2_6. We expect that this issue is highly related to whether/how to allow simultaneous cell DTX and the legacy C-DRX operations.
On the contrary, there seems no L1 signalling that exactly matches the deactivation DCI. Although the DCI-based PDCCH monitoring skipping indication was introduced in Rel-17, the behaviours at PDCCH skipping duration and inactive time are quite different and the PDCCH skipping operation is in principle performed independently with the DRX on-off patterns. Rather, the deactivation DCI could be very similar to the DRX command MAC CE except that it is a L2 and UE-specific message.
There may exist commonalities between the activation DCI and the deactivation DCI for cell DTX, for example, target receiving UE group, payload size, search space set to be monitored except time domain location, etc. In such case, it may be efficient to use a single DCI format for both the activation and the deactivation purposes.
Another related aspect is whether/how to support cell DRX activation/deactivation. If supported, similar clarification may be brought for the activation DCI and the deactivation DCI as discussed in the cell DTX case. How UE distinguishes the cell DTX (de-)activation DCI and the cell DRX (de-)activation DCI needs also to be studied. For example, different DCI formats, indicator field in the DCI, different RNTIs, different search space sets, etc. can be used to differentiate the DCIs for the cell DTX and the cell DRX.
Proposal 7: Further study the following aspects for dynamic activation and deactivation of cell DTX/DRX.
· Whether a new DCI format needs to be introduced (against reusing DCI format 2_6).
· Whether/how to support L1-based activation/deactivation for cell DRX.
· Number of DCI formats for indicating cell DTX activation and deactivation, and potentially cell DRX activation and deactivation.

It is desirable to support multiple UE transmission/reception behaviours (i.e., multiple cell DTX/DRX modes) during cell DTX/DRX non-active time. Each cell DTX mode can be associated with a set of DL signals UE receives/monitors (or, equivalently does not receive/monitor). Similarly, each cell DRX mode can be associated with a set of UL signals UE transmits (or, equivalently does not transmit).
One potential use case is to set mode 1 as baseline for eMBB and mode 2 to allow SPS/CG outside active time for URLLC. Another example is to set mode 1 as baseline for low-mobility condition and mode 2 to allow CSI-RS reception outside active time for high-mobility situation to improve synchronization and measurement accuracy. Dynamic switching among cell DTX modes or among cell DRX modes can be supported as a key feature distinguished from the legacy DRX operation. For example, multiple cell DTX modes can be configured by RRC, and one of the cell DTX modes can be dynamically indicated by DCI, e.g., by the cell DTX deactivation DCI.
Proposal 8: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 9: Each cell DTX(/DRX) mode is associated with a set of DL(/UL) signals UE receives(/transmits) (or, equivalently does not receive(/transmit)).
Proposal 10: Deactivation DCI can indicate one of the cell DTX(/DRX) modes to apply during the next cell DTX(/DRX) non-active time.

Active time extension for cell DTX/DRX
In the UE C-DRX operation, UE extends the active time when additional transmissions are expected to occur. For example, the active time is extended when UE receives a DCI scheduling a new DL or UL transmission. In addition, UE regards time slots the DL/UL HARQ retransmission timer is running on as the active time. The same functionality should be guaranteed for Rel-18 UEs performing cell DTX/DRX operations. Two high-level approaches can be considered.
· Alt. 1: Introduce inactivity timer for cell DTX/DRX.
· Alt. 2: Configure the legacy C-DRX together with cell DTX/DRX. Additional transmissions that fall outside cell DTX/DRX active time can be transmitted during C-DRX active time.
[bookmark: _GoBack]In our view, even if Alt. 1 is supported, interaction between cell DTX/DRX inactivity timer and UE C-DRX timer needs to be clarified. Thus, we think Alt. 2 is a simpler approach. Since RAN2 is discussing this topic, RAN1 may wait for their decision before continuing the discussion on this issue.

Conclusion
In this contribution, we discussed issues on the introduction of cell DTX/DRX mechanism for NR network energy saving. We note the following observations and proposals.
Observation 1: For behaviours during cell DTX/DRX non-active time, there is ongoing discussion in RAN2 on SPS/CG, SR, PDCCH, and dynamic PDSCH/PUSCH.
Proposal 1: Suspend discussions in RAN1 for SPS/CG, SR, PDCCH, dynamic PDSCH/PUSCH, and HARQ-ACK of dynamic/SPS PDSCH until receiving input from RAN2.
Proposal 2: For periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS, and periodic/semi-persistent CSI report, during cell DTX/DRX non-active time, down-select from the following options:
· Option 1: UE skips those transmissions
· Option 2: UE can be configured whether or not to receive/transmit those transmissions (FFS: configuration unit)
Proposal 3: Skipped CSI-RS occasions during cell DTX/DRX non-active time do not contribute to RRM/RLM, CSI/beam report, and BFR.
Proposal 4: For aperiodic CSI-RS, aperiodic SRS, and aperiodic CSI report, UE does not expect to be scheduled with those transmissions during cell DTX/DRX non-active time.
Proposal 5: Support dynamic deactivation of cell DTX based on DCI. The deactivation DCI
· indicates UE whether or not to go-to-sleep at the next occurrence of cell DTX off-duration
· is monitored within DTX active time (before target off-duration)
Proposal 6: Support dynamic activation of cell DTX based on DCI. The activation DCI
· indicates UE whether or not to wake-up at the next occurrence of cell DTX on-duration
· is monitored outside DTX active time (before target on-duration)
Proposal 7: Further study the following aspects for dynamic activation and deactivation of cell DTX/DRX.
· Whether a new DCI format needs to be introduced (against reusing DCI format 2_6).
· Whether/how to support L1-based activation/deactivation for cell DRX.
· Number of DCI formats for indicating cell DTX activation and deactivation, and potentially cell DRX activation and deactivation.
Proposal 8: Support multiple cell DTX/DRX modes to allow UE to adapt transmission/reception behaviours during cell DTX/DRX non-active time.
Proposal 9: Each cell DTX(/DRX) mode is associated with a set of DL(/UL) signals UE receives(/transmits) (or, equivalently does not receive(/transmit)).
Proposal 10: Deactivation DCI can indicate one of the cell DTX(/DRX) modes to apply during the next cell DTX(/DRX) non-active time.
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