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Introduction
In RAN#112 [1], the following agreements were reached for NES enhancements using cell DTX/DRX mechanism:
	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



In this document, we further discuss the scope of cell DTX/DRX mechanism, as well as the candidate signals/channels which the UE may be expected to not transmit or receive during inactive periods of cell DTX/DRX.
Scope of cell DTX/DRX mechanism
[bookmark: _Hlk100228640]Different examples of the cell DTX/DRX behavior during inactive periods have been discussed in TR 38.864 [2], as follows:
-	Behavior 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX inactive periods.
-	Behavior 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX inactive periods, i.e., gNB will still transmit/receive reference signals.
-	Behavior 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX inactive periods, i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS.
-	Behavior 4: gNB is expected to only transmit reference signals, e.g., CSI-RS for measurement.
Clearly, the specification impact corresponding to the different behaviors vary significantly, where Behavior 1 is the most restrictive regime which prohibits any data or reference signal transmission during cell DTX/DRX inactive periods, whereas other behaviors, e.g., Behavior 2 and Behavior 3, are expected to incur less restriction and hence less specification impact. Also, it is not clear whether periodic and/or semi-persistent RS transmissions are turned on in Behavior 3. In our understanding, RAN WG2 is expected to provide further guidance on the cell DTX/DRX behavior during inactive periods. Meanwhile, RAN WG1 can start evaluating the list of candidate signals/channels agreed in RAN1#112 until further agreements are made as part of RAN WG2 proceedings
The list of candidate signals/channels that are impacted by inactive periods of cell DTX/DRX are updated based on further input from RAN WG2
In RAN#98 [3], it was agreed to specify NES enhancements using cell DTX/DRX mechanism, however it was noted that no changes for SSB transmission due to cell DTX/DRX should be specified. Furthermore, the following was agreed in RAN2#121 [4]:
	Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
1. 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.
1. 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.  
1. 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 configurations of cell DTX or DRX will be supported.  



In RAN1#112, some companies suggested that the note in the WID regarding no changes for SSB transmission due to cell DTX/DRX needs to be further discussed, as it can be interpreted in different ways, as follows:
· Interpretation 1: SSB transmission is independent of cell DTX, i.e., SSB transmission is allowed during cell DTX inactive durations.
· Interpretation 2: The durations of SSB transmission are considered active durations of cell DTX, i.e., SSB transmission overrides the configuration of the time resources, i.e., the cell DTX is set to active by default during SSB transmission occasions
· Interpretation 3: The SSB transmissions are configured such that thy occur within cell DTX active durations. The active durations of cell DTX/DRX is not determined/indicated by the SSB symbols.
In our opinion, based on the agreements in RAN2, Interpretation 1 appears to be the most consistent interpretation with RAN WG2 agreements, which state that Rel-18 NES-capable UE(s) can perform RACH and receive SIBs in inactive durations of cell DTX/DRX. Hence, SSB transmission should also be assumed independent of cell DTX, i.e., allowed during cell DTX inactive durations.  
SSB transmission is independent of cell DTX, i.e., SSB transmission is allowed during cell DTX inactive periods
It was also agreed in RAN2#121 that the pattern configuration for cell DTX/DRX is common for all Rel-18 UEs in the cell. Therefore, RAN WG1 should only consider UE-common cell DTX/DRX configuration per cell for further discussion on candidate signals/channels for connected mode UEs, in which the UE may be expected to not receive or transmit specific signals/channels during inactive periods of cell DTX/DRX, respectively.
RAN WG1 should only consider UE-common cell DTX/DRX configuration per cell for further discussion on candidate signals/channels, in which the UE may be expected to not receive or transmit specific signals/channels during inactive periods of cell DTX/DRX, respectively
Signals/Channels in inactive cell DTX/DRX periods
In this section, we share our views on a few candidate signals/channels that are considered for dropping during inactive periods of cell DTX/DRX, considering the candidate list of signals/channels provided in one of the RAN1#112 agreements. For each candidate signal/channel, we provide our view on whether the signal/channel should be dropped during inactive periods of cell DTX/DRX, and, if dropped, we aim at discussing alternatives that may help maintain the UL/DL signaling functionality via using alternative measured/reported values, whenever applicable. 
3.1 CSI-RS for tracking (TRS) 
[bookmark: _Hlk131694295]As discussed in RAN1#112, the impact of dropping periodic/semi-persistent CSI-RS transmission in inactive periods of DTX is to be further evaluated. In this section, we focus on CSI-RS for tracking, i.e., TRS. The TRS is transmitted to facilitate both time/frequency tracking to enable the UE to better estimate CFO and average delay based on channel conditions and/or hardware imperfections. The measured time/frequency offset values via TRS enable the UE to have a better reception of PDSCH and/or PDCCH, and hence the performance can be significantly dropped in case TRS is muted. Given that, our preference is to exclude TRS from the set of signals to be dropped during cell DTX inactive periods.
TRS is excluded from the set of signals that are muted during inactive periods corresponding to cell DTX
In case the TRS is dropped, the UE can still obtain a rough estimate of the time/frequency offset values from other DL reference signal transmissions, e.g., from SSB transmissions, which are not to be muted according to the WID. However, the estimated time/frequency offsets based on SSB would be less accurate compared with those estimated via TRS, due to the differences in RS density. 
Use SSB to obtain estimates of time/frequency offset values in DL transmission, if TRS is included in the set of signals that are muted during inactive periods corresponding to cell DTX

[bookmark: _Hlk127379788]3.2 P/SP CSI-RS
Beside time/frequency tracking, periodic/semi-persistent CSI-RS are also used for BM, BFD/BFR, CSI, RRM and RLM. For BM, P/SP CSI-RS configured with ‘repetition’ enables the UE to identify the best Tx/Rx beam pair(s) for transmission/reception, which is needed for better reception of both PDSCH and PDCCH. Since muting CSI-RS for BM may have detrimental impact on PDCCH reception, our preference is to exclude CSI-RS for BM from the set of signals to be dropped during cell DTX inactive periods. 
CSI-RS for BM is excluded from the set of signals that are muted during inactive periods corresponding to cell DTX
Similar to TRS, if CSI-RS for BM is muted, SSB can play a similar role in providing a rough estimate of the best beam pair(s), in case the UE is configured with reporting a corresponding SSBRI as part of a CSI report. 
If CSI-RS is included in the set of signals that are muted during inactive periods corresponding to cell DTX, SSB can be used for BM purposes, assuming that a corresponding SSBRI-based beam reporting is configured
On the other hand, CSI-RS for channel measurement, i.e., a CSI-RS that is not configured with ‘trs-info’ nor ‘repetition’, enables the UE to measure the CSI and in turn report a corresponding PMI to the UE to improve the beamforming associated with PDSCH transmission, and is usually coupled with CSI-RS resources with a large number of CSI-RS ports. In our opinion, CSI-RS for channel measurement can be muted during inactive periods of cell DTX. 
CSI-RS for channel measurement is included in the set of signals that are muted during inactive periods corresponding to cell DTX

3.3 P/SP CSI reporting
Based on the received CSI-RS for BM and/or channel measurement, the UE may need to feed back a CSI report to the network that comprises CSI feedback parameters corresponding to BM or channel measurement metrics and/or quantities. In case of CSI reporting for BM, the CSI report identifies the set of candidate beam(s) associated with a set of CRI value(s), in addition to the corresponding RSRP or SINR value(s) associated with the set of CRI value(s). As discussed in the previous section, given the importance of beam measurements for PDCCH monitoring, we prefer to exclude CSI reporting for BM from the set of signals to be dropped during cell DRX inactive periods.
CSI reporting for BM is excluded from the set of signals that are muted during inactive periods corresponding to cell DRX
On the other hand, CSI reporting for channel measurement can be included in the set of signals to be dropped during cell DRX inactive periods, as they play a less critical role compared with CSI reporting for BM. 
CSI reporting for channel measurement is included in the set of signals that are muted during inactive periods corresponding to cell DRX
Note that in case CSI reporting is muted during inactive periods corresponding to cell DRX, the UE can still report the CSI for BM/CSI in a later reporting occasion occurring in an active period corresponding to cell DRX, as long as the parameter associated with time restriction for channel measurements, ‘timeRestrictionForChannelMeasurements’, is not configured, and hence the UE is allowed to report CSI that is measured in a prior CSI-RS occasion. Note that when ‘timeRestrictionForChannelMeasurements’ is not configured, the reported CSI metrics and/or quantities can be based on an average/filter of the CSI measurements that are based on CSI-RS transmission occasions that precede the CSI reference resource.
CSI quantities of a CSI report that is muted during an inactive period of a cell DRX can be included as part of the CSI quantities of a subsequent occasion of CSI reporting during an active period of cell DRX, if the CSI reporting setting parameter associated with time restriction for channel measurements is not configured

3.4 SRS
As discussed in RAN1#112, the impact of dropping SRS transmission in inactive periods of cell DRX is to be further evaluated. In our opinion, the dropping of SRS during inactive periods of cell DRX depends on the corresponding usage of the SRS as indicated in the SRS configuration. For instance, if the corresponding SRS resource set is configured with usage set to beam management, the SRS should not be muted as it may impact the performance due to degradation of PUCCH reception. On the other hand, for an SRS resource set configured with usage set to antenna switching, codebook or non-codebook transmission, the SRS muting may be possible and needs to be further discussed.
SRS configured with usage set to beam management is excluded from the set of signals that are muted during inactive periods corresponding to cell DRX
SRS configured with usage set to antenna switching, codebook or non-codebook are included in the set of signals that are muted during inactive periods corresponding to cell DRX

3.5 PDSCH/PUSCH related signals/channels
[bookmark: _Hlk131730566]Beside CSI-RS and CSI reporting, other signals/channels are also considered for muting during inactive periods of cell DTX/DRX, including SPS-PDSCH, CG-PUSCH, and SR. Since the cell DTX/DRX active/inactive patterns are known to both the gNB and the UE(s), the gNB can ensure the SPS-PDSCH and the CG-PUSCH are scheduled during active periods of the cell DTX and the cell DRX, respectively, e.g., via configuring the SPS-PDSCH and CG-PUSCH with a range of possible periodicities that always fall within the active periods of cell DTX/DRX, respectively. 
SPS-PDSCH and CG-PUSCH can be configured with a range of possible periodicities that fall within the active periods of cell DTX/DRX, respectively
[bookmark: _Hlk131730622]On the other hand, dropping some of the SPS/CG occasions for delay-sensitive applications such as XR may not be desirable, and hence, if the allowed range of periodicities of SPS-PDSCH and CG-PUSCH do not fall within the periodicities of the active periods of the cell DTX/DRX, respectively, the SPS-PDSCH and CG-PUSCH should then be excluded from the set of channels that are muted during cell DTX/DRX, respectively. 
If the allowed range of periodicities of SPS-PDSCH and CG-PUSCH do not fall within the periodicities of the active periods of the cell DTX/DRX, respectively, the SPS-PDSCH and CG-PUSCH should then be excluded from the set of channels that are muted during cell DTX/DRX, respectively
Regarding SR, the UE is expected to drop an SR during an inactive period of cell DRX.
SR is included in the set of signals that are muted during inactive periods corresponding to cell DRX
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution addressed spatial-domain and power-domain based NES techniques. In light of the discussion in this technical document, we have the following proposals:
1. The list of candidate signals/channels that are impacted by inactive periods of cell DTX/DRX are updated based on further input from RAN WG2
1. SSB transmission is independent of cell DTX, i.e., SSB transmission is allowed during cell DTX inactive periods
1. RAN WG1 should only consider UE-common cell DTX/DRX configuration per cell for further discussion on candidate signals/channels, in which the UE may be expected to not receive or transmit specific signals/channels during inactive periods of cell DTX/DRX, respectively
1. TRS is excluded from the set of signals that are muted during inactive periods corresponding to cell DTX
1. Use SSB to obtain estimates of time/frequency offset values in DL transmission, if TRS is included in the set of signals that are muted during inactive periods corresponding to cell DTX
1. CSI-RS for BM is excluded from the set of signals that are muted during inactive periods corresponding to cell DTX
1. If CSI-RS is included in the set of signals that are muted during inactive periods corresponding to cell DTX, SSB can be used for BM purposes, assuming that a corresponding SSBRI-based beam reporting is configured
1. CSI-RS for channel measurement is included in the set of signals that are muted during inactive periods corresponding to cell DTX
1. CSI reporting for BM is excluded from the set of signals that are muted during inactive periods corresponding to cell DRX
1. CSI reporting for channel measurement is included in the set of signals that are muted during inactive periods corresponding to cell DRX
1. CSI quantities of a CSI report that is muted during an inactive period of a cell DRX can be included as part of the CSI quantities of a subsequent occasion of CSI reporting during an active period of cell DRX, if the CSI reporting setting parameter associated with time restriction for channel measurements is not configured
1. SRS configured with usage set to beam management is excluded from the set of signals that are muted during inactive periods corresponding to cell DRX
1. SRS configured with usage set to antenna switching, codebook or non-codebook are included in the set of signals that are muted during inactive periods corresponding to cell DRX
1. SPS-PDSCH and CG-PUSCH can be configured with a range of possible periodicities that fall within the active periods of cell DTX/DRX, respectively
1. If the allowed range of periodicities of SPS-PDSCH and CG-PUSCH do not fall within the periodicities of the active periods of the cell DTX/DRX, respectively, the SPS-PDSCH and CG-PUSCH should then be excluded from the set of channels that are muted during cell DTX/DRX, respectively
1. SR is included in the set of signals that are muted during inactive periods corresponding to cell DRX
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