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Introduction
In RAN#114bis [1], the following agreements were reached for NES enhancements using cell DTX/DRX mechanism:
	[bookmark: _Hlk134828865]Agreement
Send LS to RAN2 to ask to consider the following RAN1 agreements and ask RAN2 to capture them in RAN2 specification appropriately.
· Agreement (from RAN1 #114)
· Rel-18 UE supporting cell DTX is not required to monitor the following signals/channels from the gNB, during non-active periods of cell DTX 
· PDCCHs associated with DCI format 2_0 – DCI Format 2_5
· Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.
· Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH
· Part of the Agreement (from RAN1 #112-bis-e)
· From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX.
· Periodic/Semi-persistent CSI report
Include a note saying that for the conclusions, RAN1 does not expect any specification impact. Comeback on LS.

Agreement
· The following TP is endorsed for TS38.212.
	Reason for change: The current wording doesn’t clearly capture the cases where both cell DTX and cell DRX are configured or only cell DTX or cell DTX is configured .

	Summary of change: Replace “Activating or de-activating the cell DTX/DRX configuration of one or multiple serving cells for one or more UEs.” by “Activating or de-activating the cell DTX and/or DRX configuration of one or multiple serving cells for one or more UEs.”

	Consequences if not approved: unclear specification

	*** Unchanged parts are omitted ***
Table 7.3.1-1: DCI formats
	DCI format
	Usage

	0_0
	Scheduling of PUSCH in one cell

	0_1
	Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

	0_2
	Scheduling of PUSCH in one cell

	1_0
	Scheduling of PDSCH in one cell

	1_1
	Scheduling of one or multiple PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

	1_2
	Scheduling of PDSCH in one cell

	2_0
	Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching

	2_1
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE

	2_2
	Transmission of TPC commands for PUCCH and PUSCH

	2_3
	Transmission of a group of TPC commands for SRS transmissions by one or more UEs

	2_4
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE

	2_5
	Notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]

	2_6
	Notifying the power saving information outside DRX Active Time for one or more UEs

	2_7
	Notifying paging early indication and TRS availability indication for one or more UEs.

	2_9
	Activating or de-activating the cell DTX/DRX and/or DRX configuration of one or multiple serving cells for one or more UEs.

	3_0
	Scheduling of NR sidelink in one cell

	3_1
	Scheduling of LTE sidelink in one cell

	4_0
	Schedulng of PDSCH with CRC scrambled by MCCH-RNTI/G-RNTI for broadcast

	4_1
	Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast

	4_2
	Schedulng of PDSCH with CRC scrambled by G-RNTI/G-CS-RNTI for multicast


*** Unchanged parts are omitted ***



Agreement
For CSI report associated with P/SP CSI-RS resource and configured with reportQuantity including RI, when cell DTX is configured
· the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion of each P/SP CSI-RS resource for channel measurement and/or interference measurement for the CSI report in cell DTX active period no later than CSI reference resource and drops the report otherwise.

Agreement
Cell DTX/DRX operation is only supported for sTRP.

Agreement
TP #22-4 (old #16-1) to TS38.214 - with updated "reasons for change" as shown as per Friday session
	Reasons for change: For a CSI reporting configured with reportQuantity comprising at least ‘RI’, if the time domain restriction for channel measurements or interference measurements is enabled and the most recent CSI-RS associated with the CSI resource setting occurs during non-active periods of cell DTX, UE has to skip this CSI reporting, which may impact the system performance.

	Summary of change: When cell DTX operation is configured and the time domain restriction for channel measurements or interference measurements is enabled, the CSI-RS used for the corresponding measurements can be redefined as the most recent CSI-RS within the active periods of cell DTX.

	Consequences if not approved: For a CSI reporting, if the time domain restriction for channel measurements or interference measurements is enabled and the most recent CSI-RS associated with the CSI resource setting occurs during non-active periods of cell DTX, UE has to skip this CSI reporting, which may impact the system performance.

	---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
5.2.2.1	Channel quality indicator (CQI)
< Unchanged parts are omitted >
If the higher layer parameter timeRestrictionForChannelMeasurements is set to "notConfigured", the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 
If the higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig is set to "Configured", the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, in cell DTX active time if cell DTX is activated, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 
If the higher layer parameter timeRestrictionForInterferenceMeasurements is set to "notConfigured", the UE shall derive the interference measurements for computing CSI value reported in uplink slot n based on only the CSI-IM and/or NZP CSI-RS for interference measurement no later than the CSI reference resource associated with the CSI resource setting. 
If the higher layer parameter timeRestrictionForInterferenceMeasurements in CSI-ReportConfig is set to "Configured", the UE shall derive the interference measurements for computing the CSI value reported in uplink slot n based on the most recent, no later than the CSI reference resource, in cell DTX active time if cell DTX is activated, occasion of CSI-IM and/or NZP CSI-RS for interference measurement (defined in [4, TS 38.211]) associated with the CSI resource setting.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------



Agreement
TP #6-1 (TS38.213)
	Reasons for change: There are multiple types of CSS, and specification unclear which CSS could be applicable for DCI format 2-9.

	Summary of change: Specify DCI format 2-9 uses Type 3 CSS.

	Consequences if not adopted: Ambiguous specification.

	11.5	Adaptation of cell operation
A UE configured for operation on a serving cell according to one or both of a cell DTX operation by cellDTXConfig and a cell DRX operation by cellDRXConfig for the serving cell [11, TS 38.331], can be additionally provided by dci-Format2-9 a search space set to monitor PDCCH for detection of DCI format 2_9 according to a Type3-PDCCH common search space as described in clause 10.1, and a location in DCI format 2_9 by position-inDCI-NES of a cell DTX/DRX indicator field for the serving cell 
*** Unchanged parts are omitted ***






Furthermore, the following was agreed in RAN2#123bis [2]:

	Agreements:
1. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.

2. Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.

Agreements on CP open issues:
3. Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
4. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
5. Standalone cell DRX configuration is possible to configure  
6. Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  

Agreements for MAC open issues:
The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.  


In this document, we discuss a few remaining issues of NES enhancements via cell DTX/DRX mechanism, including the UE behavior on handling signals/channels that occupy multiple slots, in addition to whether time restriction configuration for channel measurements associated with CSI reporting configuration is ignored when cell DTX is configured.
Cell DTX/DRX behavior for signals/channels occupying multiple slots
[bookmark: _Hlk100228640]In RAN1#114 [3], the list of signals/channels that are impacted by cell DTX/DRX has been finalized, which includes different configurations of SPS PDSCH, CG PUSCH, NZP CSI-RS for channel measurement, PUSCH transmissions carrying CSI report(s) and PUCCH transmissions carrying a combination of CSI report(s) and/or SR, CSI-RS associated with RI reporting, and SRS. Furthermore, it was agreed in RAN1#114bis to exclude the support of cell DTX/DRX mechanism for multi-TRP transmission, and hence only single-TRP transmission is supported. Under single-TRP transmission, periodic/semi-persistent (P/SP) SRS transmission comprising two SRS resource sets configured with usage set to ‘antennaswitching’ is expected to occupy two consecutive slots, where the two consecutive slots may partially overlap with a cell DRX inactive period, i.e., one of the two slots of the multi-slot SRS is within an on-duration period of cell DTX/DRX, whereas the other slot is within a non-active period of cell DTX/DRX. Two examples that illustrate this partial overlapping are provided in Figure 1. As of the agreements reached up to RAN1#114bis and RAN2#123bis, the UE behavior under this scenario, i.e., whether the UE is expected to transmit the multi-slot SRS signal with partial overlapping with cell DTX/DRX non-active period, is not clarified. We believe RAN1 needs to clarify the UE behavior under this scenario to avoid ambiguity in the implementation of cell DRX mechanisms for Rel-18 UEs.
The UE behavior for multi-slot P/SP SRS transmission that partially overlaps with a cell DRX non-active period is addressed in the maintenance phase of cell DTX/DRX enhancements 
Note that the multi-slot P/SP SRS signal can be classified as a non-repetition signal, i.e., different signals corresponding to different antenna ports are transmitted over the multiple slots corresponding to two resource sets configured with usage parameter set to ‘antennaSwitching’. Given that, transmitting only a subset of slots of the multi-slot SRS while dropping the remaining slots may not be helpful, since a portion of the SRS port measurement is not possible due to the partial overlapping with cell DRX operation. Given that, we propose to fully drop the P/SP SRS transmission in case of partial overlapping with the cell DRX non-active period.






[bookmark: _Ref146881120]Figure 1: Examples of a multi-slot signal partially overlapping with cell DTX/DRX on-duration period
For multi-slot P/SP SRS where different slots correspond to different SRS ports over two P/SP SRS resource sets, and the multi-slot SRS partially overlaps with a cell DRX non-active period, all slots of the multi-slot SRS are dropped, i.e., the SRS is not transmitted during cell DRX non-active periods
In light of that, we have the following text proposal, captured in Table 1. 
	Reason for change: Missing UE behavior under cell DRX for SRS corresponding to antenna switching over two P/SP SRS resource sets located in two consecutive UL slots

	Summary of change: If the SRS occupies two consecutive UL slots where only one slot falls in the non-active period of cell DRX, the UE is not expected to transmit the SRS over both UL slots

	Consequence if not approved: Ambiguity in specification for the case of partial overlapping of the SRS with the non-active periods of cell DRX

	[bookmark: _Toc27299944][bookmark: _Toc29673359][bookmark: _Toc45810631][bookmark: _Toc137117174][bookmark: _Toc20318046][bookmark: _Toc11352156][bookmark: _Toc29673218][bookmark: _Toc29674352][bookmark: _Toc36645582]6.2	UE reference signal (RS) procedure
[bookmark: _Toc36645583][bookmark: _Toc45810632][bookmark: _Toc11352157][bookmark: _Toc29674353][bookmark: _Toc29673360][bookmark: _Toc29673219][bookmark: _Toc27299945][bookmark: _Toc20318047][bookmark: _Toc137117175]6.2.1	UE sounding procedure

The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet or SRS-PosResourceSet. For each SRS resource set configured by SRS-ResourceSet, a UE may be configured with SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability [13, 38.306]. When SRS resource set is configured with the higher layer parameter SRS-PosResourceSet, a UE may be configured with K ≥1 SRS resources (higher layer parameter SRS-PosResource), where the maximum value of K is 16. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS resource sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.

During non-active periods of cell DRX, the UE configured with cell DRX is not expected to transmit the periodic SRS, or semi-persistent SRS for channel acquisition when the SRS resource set is located in one slot. For two SRS resource sets of an antenna switching located in two consecutive slots, the UE configured with cell DRX is not expected to transmit the periodic SRS, or semi-persistent SRS for channel acquisition if at least one of the two consecutive slots is within non-active periods of cell DRX. SRS for positioning is not impacted by cell DRX operation.
<Unchanged text is omitted>


[bookmark: _Ref148969062][bookmark: _Hlk148969118]Table 1: TP for multi-slot P/SP SRS transmission partially overlapping with cell DRX non-active periods
Adopt the TP for TS 38.214 in Table 1 for multi-slot P/SP SRS transmission partially overlapping with cell DRX non-active periods, with the following justification:
· Reason for change: Missing UE behavior under cell DRX for SRS corresponding to antenna switching over two P/SP SRS resource sets located in two consecutive UL slots
· Summary of change: If the SRS occupies two consecutive UL slots where only one slot falls in the non-active period of cell DRX, the UE is not expected to transmit the SRS over both UL slots
· Consequence if not approved: Ambiguity in specification for the case of partial overlapping of the SRS with the non-active periods of cell DRX
Monitoring DCI format 2_9 during non-active periods of C-DRX
In RAN1#114bis, the monitoring PDCCH signals corresponding to DCI format 2_9 during non-active periods of C-DRX was discussed. On one hand, monitoring PDCCH signals corresponding to DCI format 2_9 for activation/deactivation of cell DTX/DRX provides more flexibility to the network to enable enforcing cell DTX/DRX activation and/or deactivation if needed, at the cost of continuous monitoring of the PDCCH signal corresponding to DCI format 2_9. On the other hand, a UE not monitoring PDCCH signals corresponding to DCI format 2_9 during C-DRX non-active periods would have no impact on C-DRX gains with respect to UE power savings, which in our opinion is more important than network energy savings especially for a battery-powered device. The latter option comes at an expense of less network flexibility with respect to enforcing dynamic cell DTX/DRX activation and/or activation during C-DRX non-active periods. In our opinion, this should not be a serious issue, since RAN2 has ensured in RAN2#123 [4] that the prospective design of the cell DTX/DRX on-duration cycles will ensure at least partial overlapping with the on-duration cycles of C-DRX. Moreover, it is important that supporting network energy savings would have no detrimental effect on battery-powered UEs. We therefore do not support UE monitoring of PDCCH corresponding to DCI format 2_9 during C-DRX non-active time. 
The UE does not monitor PDCCH corresponding to DCI format 2_9 during C-DRX non-active periods
Discussion on RAN2 LS on NES CHO
In RAN2#123bis, RAN2 sent an LS to RAN1 [5] for specifying enhancements to support dynamic indication of cell turn off via DCI format 2_9. In this section, we briefly discuss the RAN2 LS for NES CHO, whereas a more detailed discussion can be found in our companion contribution [6]. In RAN2#123bis, the following agreement was reached as part of NES-based Conditional Handover (CHO) enhancement:
	Agreement
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.



As indicated in RAN2 LS to RAN1 on NES CHO, the intention of the additional one bit (instead of reusing Cell DTX/DRX activation indication in DCI 2_9) is to decouple CHO enhancement for NES from Cell DTX/DRX activation, where RAN2 requests RAN1 to specify signaling support corresponding to the above RAN2 agreement related to CHO enhancement. In our opinion, the RAN2 LS to RAN1 is not clear, and may have different interpretations, as follows:

· Interpretation 1: An additional field is added to each information block to trigger NES CHO execution, where the presence of the additional field is conditioned on NES CHO configuration. 
· Interpretation 2: An additional field is added to each information block corresponding to cell turn off, where this cell turn off bit is always present in DCI.
· Interpretation 3: No additional field is added to DCI format 2_9, and the cell DTX/DRX activation implies the triggering of NES CHO configuration.

Due to lack of clarity of the intention of RAN2, RAN1 needs to further discuss the correct interpretation of the RAN2 LS on NES CHO, and in case of lack of consensus, RAN1 needs to send an LS to RAN2 requesting further clarification. Therefore, we propose the following:
RAN1 discusses the RAN2 LS on NES CHO to evaluate the following interpretations:
· Interpretation 1: An additional field is added to each information block to trigger NES CHO execution, where the presence of the additional field is conditioned on NES CHO configuration
· Interpretation 2: An additional field is added to each information block corresponding to cell turn off, where this cell turn off bit is always present in DCI
· Interpretation 3: No additional field is added to DCI format 2_9, and the cell DTX/DRX activation implies the triggering of NES CHO configuration
In case of lack of consensus among RAN1 on the same interpretation of the RAN2 LS, RAN1 sends an LS to RAN2 requesting further clarity on the correct interpretation
Time restriction for CSI measurement reporting under cell DTX
In RAN1#112bis-e [5], it was agreed that periodic/semi-persistent CSI-RS associated with CSI reporting, i.e., CSI reporting configured with RI report quantity, are included in the list of signals that are impacted by cell DTX, i.e., a UE that is configured with cell DTX is not expected to monitor periodic/semi-persistent CSI-RS received within cell DTX inactive periods. Two features that are configured as part of the CSI reporting configuration are the time restriction for channel measurements, timeRestrictionForChannelMeasurements, and time restriction for interference measurements, timeRestrictionForInterferenceMeasurements. When the time restriction for channel measurements is configured, the UE is expected to report CSI according to the latest CSI-RS transmission occasion before the CSI reference resource, otherwise the UE can report CSI according to any combination of CSI-RS transmission occasions before the CSI reference resource. A similar behavior is followed for time restriction for interference measurements. 
[image: ]
[bookmark: _Ref146739887]Figure 4: Example of CSI reporting that is impacted by unmonitored CSI-RS due to cell DTX
Assuming a UE is configured with CSI reporting where time restriction for channel measurements is not configured, if the UE is further configured with cell DTX that impacts the corresponding CSI-RS for channel measurement, the CSI feedback may not be accurate. One example is illustrated in Figure 4, where the UE suffers a gap in available CSI measurements due to cell DTX impacting the CSI-RS monitoring of a periodic CSI-RS transmission. Due to the large gap between the last two monitored CSI-RS occasions, caused by cell DTX, it could be beneficial that the UE assumes time restriction for channel measurements by default, and compute the CSI only based on the last CSI-RS transmission occasion before the CSI reference resource. While this can be pursued via implementation, it is preferred that this behavior is consistent over all implementations to avoid variations in CSI measurement quality. Hence, we propose that time restriction for channel measurement is configured by default for a CSI reporting associated with CSI-RS resources for channel measurement that are impacted by cell DTX. A similar behavior can be introduced for time restriction for interference measurements with respect to CSI-RS resources for interference measurement that are impacted by cell DTX.
For a UE configured with a CSI reporting setting, time restriction for channel measurements is configured by default if the monitoring of CSI-RS resource(s) for channel measurement associated with the CSI reporting setting is impacted by cell DTX operation
For a UE configured with a CSI reporting setting, time restriction for interference measurements is configured by default if the monitoring of CSI-RS resource(s) for interference measurement associated with the CSI reporting setting is impacted by cell DTX operation
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution addressed the remaining issues for cell DTX/DRX enhancements for network energy saving techniques. In light of the discussion in this technical document, we have the following proposals:
1. The UE behavior for multi-slot P/SP SRS transmission that partially overlaps with a cell DRX non-active period is addressed in the maintenance phase of cell DTX/DRX enhancements
For multi-slot P/SP SRS where different slots correspond to different SRS ports over two P/SP SRS resource sets, and the multi-slot SRS partially overlaps with a cell DRX non-active period, all slots of the multi-slot SRS are dropped, i.e., the SRS is not transmitted during cell DRX non-active periods
Adopt the TP for TS 38.214 in Table 1 for multi-slot P/SP SRS transmission partially overlapping with cell DRX non-active periods, with the following justification:
· Reason for change: Missing UE behavior under cell DRX for SRS corresponding to antenna switching over two P/SP SRS resource sets located in two consecutive UL slots
· Summary of change: If the SRS occupies two consecutive UL slots where only one slot falls in the non-active period of cell DRX, the UE is not expected to transmit the SRS over both UL slots
· Consequence if not approved: Ambiguity in specification for the case of partial overlapping of the SRS with the non-active periods of cell DRX
The UE does not monitor PDCCH corresponding to DCI format 2_9 during C-DRX non-active periods
RAN1 discusses the RAN2 LS on NES CHO to evaluate the following interpretations:
· Interpretation 1: An additional field is added to each information block to trigger NES CHO execution, where the presence of the additional field is conditioned on NES CHO configuration
· Interpretation 2: An additional field is added to each information block corresponding to cell turn off, where this cell turn off bit is always present in DCI
· Interpretation 3: No additional field is added to DCI format 2_9, and the cell DTX/DRX activation implies the triggering of NES CHO configuration
In case of lack of consensus among RAN1 on the same interpretation of the RAN2 LS, RAN1 sends an LS to RAN2 requesting further clarity on the correct interpretation
For a UE configured with a CSI reporting setting, time restriction for channel measurements is configured by default if the monitoring of CSI-RS resource(s) for channel measurement associated with the CSI reporting setting is impacted by cell DTX operation
For a UE configured with a CSI reporting setting, time restriction for interference measurements is configured by default if the monitoring of CSI-RS resource(s) for interference measurement associated with the CSI reporting setting is impacted by cell DTX operation
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