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1	Introduction
[bookmark: _Ref178064866]A new work item (WI) on Network energy savings for NR was approved at RAN#98 [1], and the following objectives were specified:
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2].
2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3].
· [bookmark: _Hlk126592052]Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains:
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2].
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals.
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements.
4. [bookmark: _Hlk126592603]Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2].
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2].
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].
7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4].




2	Discussion
2.1	Background
In this paper, we address the second objective from the WI description. For the reference, we list the agreements made in RAN WG2 Meeting #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 configurations of cell DTX or DRX will be supported.  

[bookmark: _Hlk118378814]RAN WG2 Meeting #121 was followed by two post-email discussions that focused on the Cell DTX/DRX configuration, activation/deactivation, and alignment aspects as well as the aspects of gNB and UE behaviors during Cell DTX/DRX non-active periods. This paper further discusses the aspects addressed in the email discussions. 
2.2	Configuration, activation/deactivation, and alignment aspects
The questions concerning the configuration and activation/deactivation of Cell DTX/DRX, and the alignment between Cell DTX/DRX and UE C-DRX were subject of a RAN2 post-email discussion. The outcome of the email discussion is summarized in [3].
2.2.1	Cell DTX/DRX Configuration, Activation and Deactivation
One of the questions raised in the post-email discussion was whether the Cell DTX/DRX configuration should be explicitly signalled to the UEs or implicitly achieved through the alignment of the C-DRX configurations of multiple UEs. Given that the UE C-DRX and the Cell DTX/DRX are separate features with different purposes (i.e., UE power savings and NW power savings, respectively), Cell DTX/DRX should not be defined through UE C-DRX. Instead, there should be an independent framework for Cell DTX/DRX that supports baseline mechanisms designed with respect to the WI objectives and is flexible enough to allow for possible extensions in future releases.
[bookmark: _Toc131690828]Cell DTX and Cell DRX are explicitely configured and signalled to the UEs.
Furthermore, given that the WI objective restrict the applicability of the Cell DTX/DRX only to the CONNECTED mode UEs, we support the following conclusion from TR 38.864 [4]:
“A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell.”
[bookmark: _Toc131690829]A periodic cell DTX/DRX pattern can be configured by UE specific RRC signalling.
[bookmark: _Hlk131078164]Different ways of activating/deactivating Cell DTX/DRX have been considered so far, and the following was captured in TR 38.864 [4]:
“The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling.”
The question of how to activate/deactivate Cell DTX/DRX was revisited in the post-email discussion. According to the outcome, the majority of the companies share the opinion that as a baseline Cell DTX/DRX activation should be supported through RRC signalling. We agree with this approach, and our opinion is that this is the simplest way of supporting Cell DTX/DRX that should be ensured and prioritized by RAN2. Furthermore, we think that at least some of the dynamic signalling aspects fall into the RAN1 domain, and hence it would be beneficial to wait for RAN1 input before making agreements regarding dynamic signalling. Therefore, while waiting for RAN1 input on the details concerning lower layer signalling, RAN2 can focus on developing a baseline solution according to which Cell DTX and Cell DRX features are functional based on RRC signalling only. 
[bookmark: _Toc131690830]RAN2 should first focus on how to enable the full functionality of Cell DTX and Cell DRX features based on the received RRC configuration (i.e., without dynamic signalling). 
[bookmark: _Toc131690831]Aspects related to dynamic signalling for activating/deactivating Cell DTX and Cell DRX can be revisted later by RAN2 after receiving the input from RAN1.  
Another question that was discussed in the SI phase and revisited in the post-email discussion concerns Cell DTX/DRX configuration parameters. In the SI phase, the following was captured in TR 38.864 [4] concerning the Cell DTX/DRX configuration parameters:
“At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration.” 
Furthermore, in the RAN WG2 Meeting #121 it was agreed that Cell DTX, and Cell DRX will have separate configurations:
"Confirm study item agreement that we can have separate DTX and DRX configuration.“
Taking both of the above agreements into consideration we propose at least the following sets of RRC parameters for configuring Cell DTX and Cell DRX, respectively.
[bookmark: _Toc131690832]RAN2 to specify, at least, the following RRC parameters for Cell DTX: cell-dtxPeriodicity, cell-dtxStartOffset, cell-dtxOnDurationTimer.
[bookmark: _Toc131690833]RAN2 to specify, at least, the following RRC parameters for Cell DRX: cell-drxPeriodicity, cell-drxStartOffset, cell-drxOnDurationTimer.
The parameters such as periodicity, start slot/offset, and on duration allow for a basic functionality of the Cell DTX/DRX. However, they do not ensure that the ongoing packet deliveries to the UE are not disrupted by cell DTX/DRX non-active periods. Ensuring this is, however, essential since interrupting the on-going packet delivery will lead to unnecessary latency at the UE side, and it also does not bring in NW energy savings, as the NW has to ultimately transmit this data. Therefore, following the nominal on duration and off duration times may lead to inability to maintain responsive traffic patterns or meet relevant QoS/QoE requirements for individual UEs. For this reason, we think that there is a need for mechanisms that allow for extending Cell DTX and Cell DRX on duration times, which in turn would allow for accommodating the ongoing packet deliveries, transmissions and retransmissions. 
[bookmark: _Ref131492279][bookmark: _Toc131689620]NW energy saving friendly mechanisms for extending Cell DTX and Cell DRX on duration times are needed to ensure that the ongoing packet deliveries to the UE are not disrupted, to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.
There are different solutions that one can consider to achieve the objective summarized in Observation 1. One possible solution is to define a Cell DTX/DRX inactivity timer that the NW can configure per UE as a part of Cell DTX/DRX RRC configuration. As a baseline, such a timer could be UE-specific meaning that when the Cell DTX/DRX on duration time is extended for the purpose of serving one UE, the extension does not need to be communicated to the other UEs (i.e., the cell can be considered as active from one UE’s perspective and as non-active from another UE’s perspective). Furthermore, to additionally support a NW energy saving friendly design of Cell DTX/DRX inactivity timer, the NW can choose to configure UEs with different Cell DTX/DRX inactivity timer values that are, for example, shorter than typical UE C-DRX inactivity timer values or the NW can choose to not configure Cell DTX/DRX timer for certain UEs. How and whether to configure the Cell DTX/DRX inactivity timer, the NW can decide for each UE individually (e.g., based on QoS/QoE requirements of a particular UE and the NW energy saving objectives). Other possible solutions are to use dynamic signalling for extending Cell DTX and Cell DRX on duration times, or to combine the inactivity timer mechanism with dynamic signalling to allow for a prompt starting/stopping of the inactivity timer. For example, L1 based signaling can be used to extend the active period of Cell DTX/DRX by a specific amount of time, or alternatively, it should be allowed to carry on the current on-going transmission. However, given that the discussions concerning dynamic signalling aspects are ongoing both in RAN1 and RAN2 we propose the following. 

[bookmark: _Toc131690834]Support at least a cell DTX/DRX mechanism that does not disrupt an ongoing packet delivery including packet transmissions/retransmissions. FFS on the details of such a mechanism, e.g., L1-based activation/deactivation, inactivity timer, etc.    
2.2.2	Coexistence of Cell DTX and UE C-DRX
Another aspect that needs to be addressed is how Cell DTX/DRX and UE C-DRX mechanisms coexist together when the UE is configured with both Cell DTX/DRX and UE C-DRX at the same time. In this context, the question how to achieve the alignment of the UE C-DRX and Cell DTX configurations was raised in the post-email discussion [3]. Regarding this question, we do not see the need to specify that “the on-duration of C-DRX falls within Cell DTX on-duration” nor the need to specify that “the periodicity of UE C-DRX configurations in a cell should be the same or a multiple of the serving Cell’s DTX periodicity”, as proposed in Proposal 6 and Proposal 7 in [3], respectively. In our opinion, the two proposals are imposing restrictions on the UE C-DRX and Cell DTX configurations that are unnecessary for the following reasons. First, UE C-DRX on-duration times do not need to completely fall under Cell DTX on-duration times for the two features to function together. Instead, it is enough if the UE C-DRX on-duration times at least partially overlap with Cell DTX on-duration times, which can be achieved by the NW through the appropriate configuration of UE C-DRX and Cell DTX parameters. Second, the functional coexistence of UE C-DRX and Cell DTX can be further supported by defining the UE behavior in cases when UE C-DRX active periods occur during Cell DTX non-active periods, which is already being discussed in the post-email discussion summarized in [6]. 
[bookmark: _Toc131690835]A functional coexistence of UE C-DRX and Cell DTX can be ensured by the NW through the appropriate UE C-DRX and Cell DTX configurations, and by specifying the UE behaviour in cases when UE C-DRX active periods occur during Cell DTX non-active periods. 
Regarding Proposal 7 in [3], our understanding is that it implies the UE C-DRX periodicity is the same or longer than the Cell DTX periodicity and that the intention is to ensure that the UE C-DRX and Cell DTX are aligned as described in Option 1 (on-duration of C-DRX falls within Cell DTX active time, with C-DRX of different UEs varying in offset, periodicity or on-duration) and Option 2 (on-duration of C-DRX falling within Cell DTX active time, also requiring the starting time of UE C-DRX active duration to be the same as cell DTX active duration) in [3]. If our understanding of Proposal 7 in [3] is correct, we have the following observations. First, Proposal 7 in [3] could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of delayed transmissions. This is because the UE C-DRX configuration is semi-static and typically not changed. Hence, a UE may be configured with a C-DRX cycle that can serve UE’s QoE quite well during high-load scenarios (e.g., with rather short UE C-DRX periodicity cycles). On the contrary, Cell DTX/ DRX will most probably be tuned for low load scenarios (e.g., Cell DTX/ DRX longer periodicity cycles may be used) with the possibility that the gNB can turn off the Cell DTX/DRX promptly so that UE’s QoE is not affected negatively. However, if the UE C-DRX periodicity is restricted to be the same or longer than the Cell DTX periodicity, UE’s QoE still may be affected negatively even if the Cell DTX/DRX is turned off promptly. Second, the placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence Proposal 7 does not ensure that the UE C-DRX and Cell DTX are aligned as described in Option 1 and Option 2 in [3].  
[bookmark: _Toc131689621]Restricting the periodicity of UE C-DRX configurations in a cell to be the same or a multiple of the serving Cell’s DTX periodicity could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of UE’s QoE.
[bookmark: _Toc131689622]The placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence restricting the periodicity of UE C-DRX configuration related to the serving Cell’s DTX periodicity does not ensure that the UE C-DRX and Cell DTX are aligned.

2.3	Signalling Aspects
The questions such as which signals/channels can be omitted or reconfigured during Cell DTX/DRX non-active periods were discussed by both RAN1 and RAN2 in RAN WG1 Meeting #112 and post-email discussion on gNB and UE behaviours, respectively. RAN1 concluded the meeting with the following agreements [5]:
	 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




RAN2 post-email discussion addressed SPS-PDSCH, CG-PUSCH, SR, dynamic grants and assignments and PDCCH monitoring [6]. 
It should be noted that there is some overlap between RAN1 and RAN2 discussions. We think that while the configuration details for SPS-PDSCH, CG-PUSCH and SR can be discussed further in RAN2, dynamic grants and assignments and PDCCH monitoring require further discussion in RAN1. However, since those aspects were also tackled in the RAN2 email discussion, we will address them in this contribution as well.
For SPS-PDSCH and CG-PUSCH, there may be no need to keep their transmission during the non-active period of Cell DTX/DRX: the NW should anyway provide a reasonable configuration of the Cell DTX/DRX pattern such that some periodic transmissions can occur during the Cell DTX/DRX active period. Instead, there may be a need to allow occasional data transmissions (i.e., in the case of emergency calls and traffic with high QoS/QoE requirements), which can be naturally accommodated by adopting certain solutions concerning dynamic scheduling schemes. In this way, the decision is up to the NW on how to act upon those cases, but for most of the time it is, of course, expected that the NW will avoid transmissions during non-active periods. 
[bookmark: _Toc131690836]UE drops monitoring SPS occasions during Cell DTX non-active period. 
[bookmark: _Toc131690837]UE does not transmit on CG occasions overlapping with Cell DRX non-active periods.
On the contrary, it can be useful to receive SR during non-active period of Cell DTX/DRX since there could be a high priority traffic that the NW may want to schedule. While this can be made configurable for particular LCHs, we can first gather which aspects RAN2 intends to make it configurable so that we can decide on an overall configuration that achieves good balance between the NW flexibility for sleeping and configuration complexity.
[bookmark: _Toc131690838]UE can be instructed to transmit SR occasions overlapping with Cell DRX non-active periods. FFS on the signaling details.
Another question that was raised in the post-email discussion [6] is whether the UE should monitor PDCCH occasions for dynamic new transmissions and retransmissions during Cell DTX non-active periods. One option that is being discussed and that we are supportive of is that the UE should still be available for DL data transmissions even during Cell DTX non-active periods – note this simply means to just keep the legacy behaviour without additional impact due to Cell DTX/DRX. The reasoning is that the NW should be able to reach the UE when needed even during Cell DTX non-active periods, for example, when delay sensitive data is to be transmitted to the UE. Therefore, when both Cell DTX and UE C-DRX are configured/active, it is beneficial in terms of QoS/QoE if the UE monitors PDCCH for dynamic grants/assignments during the UE’s C-DRX active period per legacy behaviour, even during the Cell DTX non-active period. We should also note that most downlink transmissions (e.g., PDCCH/PDSCH) are dynamically scheduled by the gNB and a gNB can turn such transmissions off opportunistically without having to provide the indication via new mechanism. As such, restriction of this signal does not bring any additional energy savings for the NW, while it can become detrimental to the UE throughput.

[bookmark: _Toc131689623]Since PDCCH (addressed to C-RNTI) is dynamically scheduled, such PDCCH transmissions can be turned off today using legacy mechanism.
[bookmark: _Toc111207075][bookmark: _Toc131689624]Prohibiting PDCCH transmissions (e.g., addressed to UE C-RNTI) during cell non-active period does not bring any additional gNB energy saving compared to what is possible today while it can lead to increased latency and UE throughput loss. 
Some companies, however, expressed the concern that keeping the legacy behaviour prevents the UEs to benefit from the Cell DTX feature in terms of UE energy savings. Instead, these companies are in favour of the solution according to which the UE does not monitor PDCCH for dynamic grants/assignments during Cell DTX non-active periods, even if the UE is in C-DRX active period. Our opinion is that this latter option can lead to significant QoS/QoE degradation since it does not provide the NW with the opportunity to reach the UE when necessary. Furthermore, the Cell DTX is a feature with the primary goal to enable NW energy savings while keeping the QoS/QoE at reasonable levels, and any other benefit such as additional UE power savings are favourable but not of a primary value for Cell DTX. From the UE perspective, UE’s PDCCH monitoring behaviour can be according to the C-DRX configuration, which provides UE power savings, and additional UE power savings techniques such as SSSG-switching, PDCCH skipping, WUS, etc can be used. As such,  restrictions regarding PDCCH scrambled with UE specific RNTI would not bring much energy savings on the UE side, while it can lead to an unnecessary UPT loss. Therefore, there should not be any impact on UE monitoring of PDCCH scrambled with UE specific RNTI. However, since achieving additional UE energy savings through Cell DTX would be indeed favourable, it could be discussed to design a solution that would allow for achieving the trade-off between the NW and UE energy savings and the QoS/QoE degradation, e.g.  through shorter on-duration or longer DRX cycles during Cell DTX non-active periods. 
[bookmark: _Toc131690839]Define a mechanism to reduce UE power consumption during Cell DTX/DRX non-active period, e.g., shorter on-durations during this period, details are FFS.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	NW energy saving friendly mechanisms for extending Cell DTX and Cell DRX on duration times are needed to ensure that the ongoing packet deliveries to the UE are not disrupted, to maintain responsive traffic patterns and to meet relevant QoS/QoE requirements for individual UEs.
Observation 2	Restricting the periodicity of UE C-DRX configurations in a cell to be the same or a multiple of the serving Cell’s DTX periodicity could leave a UE with seldom C-DRX on-duration occasions, which in turn could have negative consequences in terms of UE’s QoE.
Observation 3	The placement of the UE C-DRX and Cell DTX patterns in the actual time does not depend only on the UE C-DRX and Cell DTX periodicities, but also on the UE C-DRX and Cell DTX offset parameters, and hence restricting the periodicity of UE C-DRX configuration related to the serving Cell’s DTX periodicity does not ensure that the UE C-DRX and Cell DTX are aligned.
Observation 4	Since PDCCH (addressed to C-RNTI) is dynamically scheduled, such PDCCH transmissions can be turned off today using legacy mechanism.
Observation 5	Prohibiting PDCCH transmissions (e.g., addressed to UE C-RNTI) during cell non-active period does not bring any additional gNB energy saving compared to what is possible today while it can lead to increased latency and UE throughput loss.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Cell DTX and Cell DRX are explicitely configured and signalled to the UEs.
Proposal 2	A periodic cell DTX/DRX pattern can be configured by UE specific RRC signalling.
Proposal 3	RAN2 should first focus on how to enable the full functionality of Cell DTX and Cell DRX features based on the received RRC configuration (i.e., without dynamic signalling).
Proposal 4	Aspects related to dynamic signalling for activating/deactivating Cell DTX and Cell DRX can be revisted later by RAN2 after receiving the input from RAN1.
Proposal 5	RAN2 to specify, at least, the following RRC parameters for Cell DTX: cell-dtxPeriodicity, cell-dtxStartOffset, cell-dtxOnDurationTimer.
Proposal 6	RAN2 to specify, at least, the following RRC parameters for Cell DRX: cell-drxPeriodicity, cell-drxStartOffset, cell-drxOnDurationTimer.
Proposal 7	Support at least a cell DTX/DRX mechanism that does not disrupt an ongoing packet delivery including packet transmissions/retransmissions. FFS on the details of such a mechanism, e.g., L1-based activation/deactivation, inactivity timer, etc.
Proposal 8	A functional coexistence of UE C-DRX and Cell DTX can be ensured by the NW through the appropriate UE C-DRX and Cell DTX configurations, and by specifying the UE behaviour in cases when UE C-DRX active periods occur during Cell DTX non-active periods.
Proposal 9	UE drops monitoring SPS occasions during Cell DTX non-active period.
Proposal 10	UE does not transmit on CG occasions overlapping with Cell DRX non-active periods.
Proposal 11	UE can be instructed to transmit SR occasions overlapping with Cell DRX non-active periods. FFS on the signaling details.
Proposal 12	Define a mechanism to reduce UE power consumption during Cell DTX/DRX non-active period, e.g., shorter on-durations during this period, details are FFS.
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