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Introduction
In RAN1#115, the following was agreed to specify NES techniques in spatial and power domains [1].
	Agreement
Report quantities of 'cri-RSRP-Index', 'none', 'ssb-Index-RSRP', 'ssb-Index-SINR', 'ssb-Index-RSRP- Index', 'ssb-Index-SINR- Index' or 'tdcp' are NOT applicable to Rel-18 NES.
Agreement
1) For Type 2 SD adaptation or joint operation of Type 2 SD and PD adaptation, 
· The non-PMI-PortIndication, or typeISinglePanel-codebookSubsetRestriction-i2 can be configured in CSI-ReportConfig instead of in sub-configuration.
Agreement
· CSI-IM is supported for Rel-18 NES without need of spec update, i.e. resource-wise association is maintained between NZP CSI-RS for CM and CSI-IM.
· NZP CSI-RS for IM is supported for Rel-18 NES 
· Above applies only for 
· the case of PD only adaptation with a single CSI-RS resource for channel measurement
Agreement
For a CSI report containing Type 1 SD sub-configuration(s), support port re-indexing to enable consecutive port indices for CQI calculation purpose.
Agreement
For Type 2 SD only, 
· The list of NZP CSI-RS resources is identical to or has no intersection with the list of NZP CSI-RS resources configured for any other sub-configuration(s) within the CSI-ReportConfig.
Agreement
For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation,
· For a CSI report with reportQuantity set to 'cri-RI-i1-CQI', UE expects that typeISinglePanel-codebookSubsetRestriction-i2 to be configured in each sub-configuration that contains port-subsetIndicator
· If there is at least one sub-configuration corresponding to 'typeI-SinglePanel' and at least one sub-configuration corresponding to 'typeI-MultiPanel' in the same CSI report configuration, UE expects that codebookMode to be configured in each sub-configuration that contains port-subsetIndicator
Agreement
2) For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation, for a CSI report with reportQuantity set to 'cri-RI-CQI',
· UE expects that non-PMI-PortIndication, if configured, to be configured in each sub-configuration containing port-subsetIndicator
· Ports selected in the non-PMI-PortIndication correspond to enabled ports in the bitmap port-subsetIndicator 
· If non-PMI-PortIndication is not configured in a sub-configuration, UE applies legacy behavior for the case where non-PMI-PortIndication is not configured after re-indexing CSI-RS port indices, by replacing P with the number of enabled ports in the bitmap port-subsetIndicator configured for the sub-configuration
Conclusion
For CSI report with multiple sub-configurations,
· When a CSI report with only one part/part 1 CSI is determined as the lowest priority and to be omitted, the one part/part1 CSI corresponding to all sub-configurations is dropped together
Agreement
For CPU occupation time for CSI report with one or more sub-configurations,
· For periodic CSI report which contains a list of sub-configurations, 
· It occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within all L configured sub-configurations, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report. 
· For semi-persistent CSI report on PUSCH (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) or semi-persistent CSI report on PUCCH which contains a list of sub-configurations
· It occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement within N triggered sub-configurations, until the last symbol of the configured PUSCH/PUCCH carrying the report.
For CSI computation time (Z2, Z2’),
· For a CSI-ReportConfig with sub-configurations, the definition of the corresponding CSI computation time is based on the CSI-RS resources for channel measurement, the CSI-RS resources for interference measurement and the CSI-IM resources for all triggered sub-configurations for AP-CSI report.
Editors to draft TP if needed.
Conclusion
The powerControlOffset configured in TRS still indicates the power offset between PDSCH and TRS.
· New L1 signalling is not introduced
· No spec impact is needed
Conclusion
NC-JT operation is not applicable for Rel-18 NES
· No further spec impact is needed
Agreement
For a CSI report configuration containing a list of sub-configurations, after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report including one or more sub-reports only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement, per sub-configuration, no later than CSI reference resource and drops the report otherwise.
For the above “per sub-configuration”, it is a sub-configuration that is
· Alt 1: the activated/triggered one for SP-CSI reporting



In RAN1#115, the following was agreed to specify cell DTX/DRX [1].
	Agreement
· In DCI format 2-9, add NES-mode indication in block for Pcell.
· NES-mode indication may be 0 or 1 bit for Pcell depending on the indication for CHO is configured.
· Number of bits for cell DTX/DRX (de)activation between 0, 1, and 2 bits and number of bits for NES-mode between 0 and 1 bit is determined by RRC parameters.
Agreement
UE transmits a subset of the repetitions in a CG bundle that do not overlap with the cell DRX non-active period
Agreement
UE is expected to monitor DCI format 2_9 during active periods of C-DRX
Conclusion
There is no consensus in RAN1 on whether or not the UE is expected to monitor DCI format 2_9 during non-active periods on C-DRX
Agreement
Adopt the following specification change in TS38.213
11.5	Adaptation of cell operation
A UE does not expect to monitor PDCCH for detection of DCI format 2_9 on more than one serving cells in one cell group.
*** Unchanged parts are omitted ***
Agreement
· For Cell DTX/DRX indication of a block in DCI format 2_9
· if [cellDTXDRX-L1activation] is configured,
· 2 bits if cellDTXDRXconfigType is configured to dtxdrx for the serving cell;
· 1 bit if cellDTXDRXconfigType is configured to either dtx or drx for the serving cell; 
· otherwise 0 bit.
· [cellDTXDRX-L1activation] is a new RRC parameter
Agreement
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot, where at least one PUCCH/PUSCH overlaps with non-active periods of cell DRX on the respective serving cell, down-select form the following options for the interaction between the Operation A (Resolve the overlapping among PUCCHs/PUSCHs (TS 38.213 clause 9 including sub-clauses)) and Operation B (Determine whether to transmit a PUCCH/PUSCH overlapping with non-active period of cell DRX.)
· Option 1: UE first performs Operation A and then performs Operation B



In this contribution, we discuss the remaining issues in Rel-18 Network Energy Saving including the network energy saving techniques in spatial and power domain and cell DTX/DRX.
Spatial and power domain energy saving
CSI (sub-) report dropping 
The CSI (sub-) report dropping is discussed in RAN1#114bis [2], the remaining issues on how Part 1 CSI and Part 2 wideband CSIs dropping are as follows.
	For RAN1#115
· Further check whether there is any issue according to the current specification that, for the CSI mapping of a CSI report configuration having L sub-configurations, Part 2 wideband CSIs have the same priority and are dropped per sub-configuration level in the ascending order of sub-configuration index.



When CSI reporting on PUSCH comprises two parts, which are Part 1 and Part 2 CSI, the UE may omit a portion of the Part 2 CSI according to the priority order shown in Table 5.2.3-1[3]. The Part 2 wideband CSIs have the same priority based on current specification [3]. Therefore, legacy CSI priority rule for CSI dropping should be reused and no specification impact for CSI (sub-) report dropping of Part 2 wideband CSI.
Proposal 1: Legacy CSI priority rule for CSI dropping should be reused and there is no specification impact for Part 2 wideband CSI dropping.
Restriction on the number of ports/active resources
The following was discussed in FL issue#9 [4] of RAN1#115 about restriction on the number of ports/active resources. 
	RAN1#115 issue#7:
Alt 1: Clarify that the following restriction in TS 38.214 is applied on each sub-configuration for a CSI report containing L sub-configurations:
‘If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports’
Alt 2: Extend the current total number of antenna ports to [64] ports for the CSI-RS resources within a resource set,, similar to M-TRP. This is subject to a separate UE capability.
Alt 3: No consensus to make changes to current RAN1 spec



There is a remaining issue on the restriction of the maximum number of computations related to the CSI measurements of the configured CSI-RS resource/antenna ports within a resource set for spatial domain adaption with multiple CSI sub-reports. In current specification [3], the restriction of the maximum number of channel measurements associated with the CSI-RS resource/antenna ports within a resource set for a CSI report for single and multi-TRP is specified in clause 5.2.1.4.2 of TS 38.214 [3].
The restriction on the maximum number of ports is used mainly for FR2, which the antenna structure consists of multiple antenna panels to achieve beam forming at each antenna port. Each antenna panel in FR2 is designed to consist of fewer antenna ports based on gNB implementation, e.g., each antenna panel in FR2 is consisted of 2 antenna ports since the spatial multiplexing in FR2 does not provide significant capacity gain. Thus, the upper bond of CSI-RS ports at 16 ports is not an issue for FR2. For example, each sub-configuration of spatial domain adaptation is configured as 2 antenna ports, and up to 8 sub-configurations of spatial domain adaptation could be configured which is sufficient for spatial domain adaption in FR2. In general, the current restriction in the specification for Type-2 SD adaptation is mainly used for FR2. So the restriction on the maximum of number of ports is not an issue for Type-2 SD adaptation. For Type 1 SD adaptation, each CSI-RS resource consists of multiple sub-configurations with maximum number of ports at 16. Therefore, it would not be impacted by the restriction. 
Proposal 2: Alt.3 with no consensus to make changes to current RAN1 specfiction should be supported for restriction on the number of ports/active resources.
Cell DTX/DRX
The UL/DL signals/channels impacted by cell DTX/DRX
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]When cell DTX/DRX is activated, the UL/DL signals/channels impacted by cell DTX/DRX non-active time have been fully discussed in RAN1 and RAN 2 meetings. For CG and SPS, it was agreed that UE does not transmit on CG occasions during cell DRX non-active time and does not decode PDSCH packets on SPS occasions during cell DTX non-active time. For dynamic grants/assignments for new transmissions and retransmissions, the related issues have been discussed in RAN2 meetings and the following agreements were made.
	Agreement in RAN2#121bis: 
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]10.	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.   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.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions
Agreement in RAN2#122bis: 
5	When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.
Agreement in RAN2#123bis:
10	Confirm working assumption, when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.



[bookmark: OLE_LINK6][bookmark: OLE_LINK13]When UE is configured with C-DRX, the C-DRX drx-InactivityTimer is reset when DL PDSCH is received to ensure the continuity of the DL packet arrival and to extend the C-DRX active time beyond the drx-OnDuractionTimer, and to allow the gNB completing any DL transmission for any packet in the buffer of gNB scheduler and future packet arrival within the time interval of C-DRX drx-InactivityTimer. Based on RAN2 agreements, gNB does not schedule any new transmissions and UE does not monitor PDCCH for new transmissions during the cell DTX non-active time even if the UE is in C-DRX active time or the C-DRX drx-InactivityTimer not expired. If cell DTX/DRX is activated and the C-DRX drx-InactivityTimer is running at the UE but the cellDTX-onDurationTimer expires, the gNB could not schedule any DL data packets during cell DTX non-active time even there are DL data in the buffer for UE(s) since UE does not monitor PDCCH for dynamic grants/assignments for new transmission during cell DTX non-active period. Thus, the remaining DL data packets within the cell DTX non-active time cannot be transmitted and need to wait till the next cell DTX active time, which results in significant performance degradation in user perceived throughput or increasing latency. Similarly, UE cannot transmit the remaining UL data packets in the buffer during cell DRX non-active time even if the UE is in C-DRX active time and indicated to the gNB on the remaining UL data to be scheduled in the BSR. In addition, PUSCH/PDSCH repetitions may be extended cross over from cell DTX/DRX active time to the cell DTX/DRX non-active time and cannot be transmitted. The demodulation performance of PUSCH/PDSCH repetition would be degraded without the completion of PUSCH/PDSCH repetition. 
Observation 1: When cell DTX/DRX is activated and some UL/DL data packets at UE/gNB buffer, UL/DL data packets transmission may be interrupted by entering the cell DTX/DRX non-active time even if the C-DRX drx-InactivityTimer is running at the UE. These UL/DL data packets need to wait till the next cell DTX/DRX active time, which results in significant degradation of user perceived throughput or increasing the latency.
In order to avoid the impact on UL/DL data packets transmission latency and demodulation performance when there are some UL/DL data packets in the buffer before the end of cell DTX/DRX OnDurationTimer, the UE can be indicated to extend the PDCCH monitoring for dynamic grant/assignment by UE-specific L1 signaling after cell DTX/DRX OnDurationTimer expired. The extension of PDCCH monitoring beyond cell DTX/DRX active time is similar to the use of C-DRX drx-InactivityTimer to extend the C-DRX active time for UE PDCCH monitoring during the running of drx-InactivityTimer for potential UL/DL data arrival. It is up to the gNB implementation to determine whether to extend the UE PDCCH monitoring for possible UL/DL data packets scheduled transmission/receptions at the end of cell DTX/DRX active time. The gNB would indicate to extend the PDCCH monitoring beyond the cell DTX/DRX active time to those UEs with UL/DL data in the buffer by UE-specific L1 signaling.
[bookmark: OLE_LINK1][bookmark: OLE_LINK25]The L1 signaling of extending the PDCCH monitoring beyond cell DTX/DRX active time will use the UE specific scheduling DCI, such as DCI format 0_1 and 1_1 to indicate to the specific UE only. The gNB would have the indication of extension of PDCCH monitoring for dynamic assignment/grant beyond cell DTX/DRX active time at the scheduling DCI when there are UL/DL data for the specific UE before cellDTX-onDurationTimer or cellDRX-onDurationTimer expires. For other UEs without UL/DL data before cellDTX-onDurationTimer or cellDRX-onDurationTimer expires, the PDCCH monitoring beyond cell DTX/DRX active time will not be extended. 
Proposal 3: The L1 signaling is supported to indicate the extension of PDCCH monitoring for dynamic grant/assignment beyond cell DTX/DRX active time, e.g. DCI format 0_1 and DCI format 1_1.
Whether to transmit some DL signals/channels from the gNB during cell DTX non-active time has been discussed since RAN1#112bis-e. It was agreed that periodic/semi-persistent CSI-RS for CSI reporting is not transmitted during cell DTX non-active time. In RAN1#114, it was agreed that UE is not required to monitor DCI format 2_0 to DCI format 2_5 during cell DTX non-active time. The system analysis of other DL signals/channels impacted by cell DTX non-active time is summarized in Table 1. 
[bookmark: _Ref149327373]Table 1: DL signals/channels impacted by cell DTX non-active time
	Signals/channels
	Signals/channels disabled during non-active time of cell DTX?
	Descriptions

	DCI format 2_6
	No
	RAN2 agreed that the gNB should ensure at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration. Thus, the DCI format 2_6 and partial C-DRX on-duration may be located in cell DTX non-active time. If DCI format 2_6 is configured and does not detected, UE will not start drx-onDurationTimer based on current specification. The service of this UE will not be able to ensure.

	CSI-RS for RRM
	Yes
	For RRM, measObjectNR specifies information applicable for SSB measurements and/or CSI-RS measurements. Even if the CSI-RS configured by measObjectNR for RRM is disabled during non-active time of cell DTX, a UE can perform RRM based on SSB when necessary.

	CSI-RS for RLM and BFD
	Yes
	For RLM and BFD, the detection resource can be SSB or CSI-RS, if CSI-RS for RLM and BFD is disabled during non-active time of cell DTX, a UE can monitor the SSB for the purpose of RLM and BFD.

	Periodic CSI-RS for tracking
	Yes
	For CONNECTED mode UEs, the TRS is used for Time/Frequency tracking and compensation for PDCCH and PDSCH decoding. However, the PDCCH and PDSCH will be disabled during non-active time of cell DTX, periodic TRS transmission during non-active time of cell DTX is not needed and meaningless. The UE may receive TRS in next cell DTX active time before receiving PDCCH and PDSCH.
For IDLE/INACTIVE mode UEs, TRS configured for CONNECTED mode UEs may be reused for IDLE/INACTIVE mode UEs for Rel-17 UE power saving feature. However, the TRS availability is indicated in the PEI/paging DCI, the gNB can indicate that the TRS is unavailable by network implementation to avoid the impact on IDLE/INACTIVE mode UEs.

	Periodic/Semi-persistent CSI-RS for BM
	Yes
	The UE performs beam management (BM) based on CSI-RS or SSB before receiving PDCCH and PDSCH. If CSI-RS for BM is disabled during non-active time of cell DTX, a UE can monitor the SSB for the purpose of BM.
In addition, the PDCCH and PDSCH will be disabled during non-active time of cell DTX, CSI-RS transmission for BM during non-active time of cell DTX is wasteful and meaningless. The UE may perform BM based on CSI-RS in next cell DTX active time before receiving PDCCH and PDSCH.



Proposal 4: Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB except to DCI format 2_6, during non-active time of cell DTX. 
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
The design of DCI format 2_9
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The cell DTX/DRX is applied to all UEs in a cell, DCI format 2_9 was agreed to activate and deactivate cell DTX/DRX. In this section, we further discuss the detailed design of the DCI format 2_9 containing PDCCH monitoring occasion determination and field content.
1.1.1 [bookmark: _Ref142401554]PDCCH monitoring occasion determination
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Considering DCI format 2_9 for cell DTX/DRX activation and deactivation, the principle of cell DTX/DRX is the network energy saving techniques mainly applied to the scenario of low system load. The gNB can turn off some transmission or reception to achieve network energy saving purpose. Therefore, the cell DTX/DRX should be a long-term and semi-static procedure. The cell DTX/DRX configurations should not be activated or deactivated frequently from the perspective of network energy saving. In addition, the cell DTX/DRX network energy saving techniques should consider UE power consumption while maximizing network energy saving gains. The frequent activation and deactivation of cell DTX/DRX which increases the UE power consumption should be avoided. Thus, the activation and deactivation of cell DTX/DRX by DCI format 2_9 should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
Proposal 5: The activation and deactivation of cell DTX/DRX by DCI format 2_9 should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
For DCI format 2_9 monitoring for cell DTX/DRX activation and deactivation with both cell DTX and UE C-DRX configured, the main issues are whether UE should monitor DCI format 2_9 during cell DTX non-active time and C-DRX non-active time. In RAN1#115 [1], a conclusion was made that there is no consensus in RAN1 on whether or not the UE is expected to monitor DCI format 2_9 during C-DRX non-active time.
When cell DTX/DRX is activated, UE does not monitor DCI format 2_9 during cell DTX non-active time since gNB would limit the DL PDCCH transmission during the cell DTX non-active time to meet the minimum requirement to achieve the network energy saving. Based on the discussion aforementioned, the cell DTX/DRX is a long-term and semi-static procedure and should not be activated or deactivated frequently. gNB will not transmit DCI format 2_9 frequently. If UE monitors the DCI format 2_9 during cell DTX non-active time, UE should wake up frequently to monitor DCI format 2_9 for cell DTX/DRX deactivation at the configured PDCCH monitoring occasions from the search space. In order to prevent the UE frequent wakeup in monitoring DCI format 2_9 with UE monitoring DCI format 2_9 during cell DTX non-active time, the network needs to configure a long monitoring cycle of DCI format 2_9. This will reduce the network flexibility in transmitting the DCI format 2_9 to achieve network energy saving. Thus, DCI format 2_9 is not monitored during cell DTX non-active time.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 6: For cell DTX/DRX activation and deactivation, UE does not monitor DCI format 2_9 during cell DTX non-active time.
For DCI format 2_9 detection, UE needs to determine the network configuration of search space for PDCCH monitoring occasion of DCI format 2_9 first. Three options for determining the PDCCH monitoring occasion of DCI format 2_9 are considered as follows.
· Option 1:
In RAN1#114, it is agreed that the DCI format 2_9 is monitored in the common search space. In general, search space is configured by higher layer signaling and UE monitors the PDCCH candidates in the configured search space. The period and offset of search space for DCI format 2_9 can be directly configured by monitoringSlotPeriodicityAndOffset as legacy. 
However, the cell DTX/DRX is periodic and DCI format 2_9 should not be monitored during cell DTX non-active time. When the parameter of monitoringSlotPeriodicityAndOffset is used to configure the periodicity of DCI format 2_9 monitoring occasions in the search space configuration, the configured parameter of the periodicity of search space for DCI format 2_9 needs to be an integer multiple of the periodicity of cell DTX in order to align the periodicity of cell DTX with DCI format 2_9 monitoring occasions. As shown in Figure 1, the search space periodicity of DCI format 2_9 is an integer multiple of the periodicity of cell DTX.
[image: ]
[bookmark: _Ref141980721]Figure 1: PDCCH monitoring occasion determination of DCI format 2_9 based on option 1
Proposal 7: For cell DTX/DRX activation and deactivation, if the PDCCH monitoring occasion of DCI format 2_9 is determined based on common search space configuration, the periodicity of common search space is determined by the periodicity of cell DTX.
· Option 2:
For cell DTX/DRX activation and deactivation, a time window can be introduced to monitor DCI format 2_9 and the UE monitors DCI format 2_9 according to common search space configuration within this time window. The time window for monitoring DCI format 2_9 is periodic. It is present in cell DTX active time when cell switches to cell DTX/DRX state.
Proposal 8: A time window is introduced to monitor DCI format 2_9 for cell DTX/DRX activation and deactivation.
Similarly, the periodicity of the time window configured by gNB may not be an integer multiple of the periodicity of cell DTX, which may lead to the PDCCH monitoring occasions of DCI format 2_9 is allocated in cell DTX non-active time. A simple method is that the periodicity of time window for monitoring DCI format 2_9 is determined by the periodicity of cell DTX. gNB configures the periodicity of the time window based on the periodicity of cell DTX to have alignment of the PDCCH monitoring occasions and the active time of cell DTX. As shown in Figure 2, the time window periodicity of DCI format 2_9 monitoring is derived based on the periodicity of cell DTX, and the periodicity of time window is not smaller than the period of cell DTX with the configured integer scaling factor M. 
[image: ]
[bookmark: _Ref141985738]Figure 2: PDCCH monitoring occasion determination of DCI format 2_9 based on option 2
· Option 3:
Based on the discussion aforementioned, UE does not monitor DCI format 2_9 during cell DTX non-active time. Thus, the time window for monitoring DCI format 2_9 can be determined by the start of the cell DTX non-active time, i.e. UE monitors DCI format 2_9 within a time window before the start of the cell DTX non-active time. As shown in Figure 3, the start point of cell DTX non-active time is set as the reference point, and offset1 and offset2 are configured relative to the reference point for determining the time window, which is similar to the DCI format 2_6 monitoring occasion determination.
[image: ]
[bookmark: _Ref146491133]Figure 3: PDCCH monitoring occasion determination of DCI format 2_9 based on option 3
Proposal 9: For cell DTX/DRX activation and deactivation, if a periodic time window for monitoring DCI format 2_9 is introduced, one of the following alternatives for determining the time window is supported:
· Alt 1: The periodicity of time window is determined and derived by the periodicity of cell DTX.
· Alt 2: The time window is determined by the reference point, which could be the start of the cell DTX non-active time or the end of the cell DTX active time.
It is up to gNB implementation to align the configuration of cell DTX and C-DRX. If there is partial overlapping between cell DTX active time and UE C-DRX active time, the DCI format 2_9 monitoring occasions by search space of the DCI format 2_9 during cell DTX active time and C-DRX active time should be sufficient with short PDCCH monitoring cycle. If UE expect to monitor the DCI format 2_9 during cell DTX non-active time or C-DRX non-active time, the DCI format 2_9 monitoring occasions must be restricted to have long PDCCH monitoring cycle to avoid UE frequent wakeup. For example, if the PDCCH monitoring occasion of DCI format 2_9 is determined based on common search space configuration, the common search space period during cell DTX non-active time is longer than the common search space period during cell DTX active time. Another possible solution for restricting the DCI format 2_9 monitoring occasions is that introducing a time window for DCI format 2_9, UE only monitor DCI format 2_9 within this time window during cell DTX non-active time or C-DRX non-active time.
Proposal 10: If UE is expected to monitor DCI format 2_9 during cell DTX non-active time or C-DRX non-active time, one of the following alternatives is supported:
· Alt 1: The common search space configurations for determining the DCI format 2_9 monitoring occasion is different between cell DTX active time and cell DTX non-active time.
· Alt 2: The common search space configurations for determining the DCI format 2_9 monitoring occasion is different between C-DRX active time and C-DRX non-active time.
· Alt 3: A time window is introduced for determining the DCI format 2_9 monitoring occasion during cell DTX non-active time or C-DRX non-active time.
1.1.2 Field content of DCI format 2_9
In RAN1#114, it was agreed that the DCI format 2_9 for activation and deactivation of cell DTX and DRX configuration at least includes N information block fields, and each information block field contains signaling of activation or deactivation of ‘a configuration of cell DTX and/or DRX’ of ‘a serving cell’. From a serving cell perspective, one information block field is used to indicate the cell DTX/DRX activation or deactivation to all UEs in this serving cell, which is a cell-specific information block field. However, there may be some additional information block fields to further indicate the cell DTX/DRX activation or deactivation to a group of UEs in this serving cell with considering the following motivations.
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK21]For a UE with some high priority services such as XR and URLLC service, gNB configures one additional UE-group-specific information block to this UE group by RRC signaling. Both cell-specific information block and UE-group-specific information block in the DCI format 2_9 can indicate the cell DTX/DRX activation. When traffic with high priority and emergent services arrive for a UE, gNB can indicate cell DTX/DRX deactivation in the UE-group-specific information block corresponding to these UEs in the UE group, and no cell DTX/DRX deactivation in the cell-specific information block and other UE-group-specific information block in the DCI format 2_9. When the traffic with high priority services are completed in delivery to the UE, the cell-specific block and all UE-group specific blocks in the DCI format 2_9 can indicate the cell DTX/DRX activation again.
· For a UE without high priority services, the UE only determines cell DTX/DRX activation and deactivation based on cell-specific information block in the DCI format 2_9.
As shown in Figure 4, for each serving cell configured with DCI format 2_9 based cell DTX/DRX activation and deactivation, multiple information blocks can be configured for a serving cell, and these multiple information blocks can jointly determine cell DTX/DRX activation and deactivation.
[image: ]
[bookmark: _Ref146532187]Figure 4: An illustration of information block fields of DCI format 2_9
For the information blocks of DCI format 2_9 as illustrated in Figure 4, the UE behaviour should be clarified as follows, 
· If a UE is configured with a cell-specific information block and a UE-group-specific information block for a serving cell, UE determines the cell DTX/DRX activation and deactivation based on the indication of UE-group-specific information block; 
· If a UE is only configured with a cell-specific information block for a serving cell, UE determines the cell DTX/DRX activation and deactivation based on the indication of cell-specific information block.
[bookmark: OLE_LINK14][bookmark: OLE_LINK24]Proposal 11: For cell DTX/DRX activation and deactivation, the DCI format 2_9 contains N information blocks corresponding to M serving cells, and UE may be configured with more than one information block for a serving cell. 
Proposal 12: For DCI format 2_9 based cell DTX/DRX activation and deactivation, when a UE is configured with more than one information blocks for a serving cell containing a cell-specific information block and a UE-group-specific information block, UE determines the cell DTX/DRX activation and deactivation based on the indication of UE-group-specific information block.
Conclusion
In this contribution, network energy saving techniques in time and spatial domain are discussed. We have the following observations and proposals:
Observation 1: When cell DTX/DRX is activated and some UL/DL data packets at UE/gNB buffer, UL/DL data packets transmission may be interrupted by entering the cell DTX/DRX non-active time even if the C-DRX drx-InactivityTimer is running at the UE. These UL/DL data packets need to wait till the next cell DTX/DRX active time, which results in significant degradation of user perceived throughput or increasing the latency.
Proposal 1: Legacy CSI priority rule for CSI dropping should be reused and there is no specification impact for Part 2 wideband CSI dropping.
Proposal 2: Alt.3 with no consensus to make changes to current RAN1 specfiction should be supported for restriction on the number of ports/active resources.
Proposal 3: The L1 signaling is supported to indicate the extension of PDCCH monitoring for dynamic grant/assignment beyond cell DTX/DRX active time, e.g. DCI format 0_1 and DCI format 1_1.
Proposal 4: Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB except to DCI format 2_6, during non-active time of cell DTX. 
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
Proposal 5: The activation and deactivation of cell DTX/DRX by DCI format 2_9 should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
Proposal 6: For cell DTX/DRX activation and deactivation, UE does not monitor DCI format 2_9 during cell DTX non-active time.
Proposal 7: For cell DTX/DRX activation and deactivation, if the PDCCH monitoring occasion of DCI format 2_9 is determined based on common search space configuration, the periodicity of common search space is determined by the periodicity of cell DTX.
Proposal 8: A time window is introduced to monitor DCI format 2_9 for cell DTX/DRX activation and deactivation.
Proposal 9: For cell DTX/DRX activation and deactivation, if a periodic time window for monitoring DCI format 2_9 is introduced, one of the following alternatives for determining the time window is supported:
· Alt 1: The periodicity of time window is determined and derived by the periodicity of cell DTX.
· Alt 2: The time window is determined by the reference point, which could be the start of the cell DTX non-active time or the end of the cell DTX active time.
Proposal 10: If UE is expected to monitor DCI format 2_9 during cell DTX non-active time or C-DRX non-active time, one of the following alternatives is supported:
· Alt 1: The common search space configurations for determining the DCI format 2_9 monitoring occasion is different between cell DTX active time and cell DTX non-active time.
· Alt 2: The common search space configurations for determining the DCI format 2_9 monitoring occasion is different between C-DRX active time and C-DRX non-active time.
· Alt 3: A time window is introduced for determining the DCI format 2_9 monitoring occasion during cell DTX non-active time or C-DRX non-active time.
Proposal 11: For cell DTX/DRX activation and deactivation, the DCI format 2_9 contains N information blocks corresponding to M serving cells, and UE may be configured with more than one information block for a serving cell. 
Proposal 12: For DCI format 2_9 based cell DTX/DRX activation and deactivation, when a UE is configured with more than one information blocks for a serving cell containing a cell-specific information block and a UE-group-specific information block, UE determines the cell DTX/DRX activation and deactivation based on the indication of UE-group-specific information block.
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