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[bookmark: _Ref35586532]Introduction
There are two solutions mentioned in [1] but not fully discussed: autonomous SCell activation and gNB DTX/DRX. SCell activation/deactivation is a NES direction in multi-carrier scenario and autonomous SCell activation is a solution used with PDCP duplication or other triggers. Some companies are interested in gNB DTX/DRX but there is still misalignment on it. This contribution will discuss the two solutions in detail.
Discussion
Autonomous SCell activation
Solution
For operation with multi-carrier, enhancements on SCell activation and deactivation could be considered for network energy saving.  In case of low system load, the number of active carriers used for data transmission should be as few as possible.
SCells provide a powerful mean to RAN networks in addressing:
· bandwidth resource needs in case of temporary capacity demands (possibly in different frequency ranges)
· channel diversity when used e.g. for duplication
· DL-only resources
· serving by different TRPs (with possibly different UL timing)
· SRS-only resources
· PUCCH transmissions associated with other SCells
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]NW implementation can as well leverage SCells in serving specific traffic on specific cells (e.g. in UL by using the LCP parameter allowedServingCells). 
However, SCells consume network energy and UE’s power since each SCell transmits the periodic reference signals (SSB, CSI-RS, etc.) and broadcasts SI. This is why, at least for UE power saving purpose, an SCell can be dynamically activated/deactivated by MAC CE, where, when deactivated, the UE does not monitor the CSI-RS and does not perform any UL or DL transmission on the SCell. Therefore, from a network perspective, when an SCell is deactivated for all UEs it is configured for, this also means no PDSCH/PDCCH/CSI-RS transmission and no PUSCH/PUCCH reception on that SCell, which represents significant energy saving. One could argue that if the cell remains activated but there is no traffic for any UE, there is also no PDSCH/PDCCH transmission and no PUSCH/PUCCH reception. True, but the periodic (UE-specific) CSI-RS transmissions still remain, which wastes significant energy. So there is NES benefit for the NW in deactivating an SCell.
Observation 1: NW can stop periodic CSI-RS transmission in an SCell deactivated for all its serving UEs, which saves NW energy.
Of course, it can be challenged what is a scenario when a configured SCell can be deactivated for all its serving UEs, or in that case why couldn’t it be removed from the UE’s configuration in first place. We think, on the contrary, that it can be a valid usecase when an SCell is used in complement of other cells to serve the same group of UEs. For example, one SCell can be configured as secondary cell for PDCP duplication commonly for a group of UEs. Other example is when an SCell is configured to serve only some specific traffic type (e.g. URLLC or eMBB). In such cases, the SCell can be deactivated for a UE when the Duplication is deactivated or when there is no data in the buffer for the targeted traffic. Specifically for the duplication case, it can be common that the duplication is activated only in response to channel degradation, which can be 1) rare and 2) common to the group of UEs. Therefore, in such usecases, the SCell is expected to be infrequently used, although ready to use when needed, even if this is in rare occasions.  
Observation 2: When configured for a complementary resource usage, e.g. PDCP duplication, an SCell is expected to be infrequently used, although ready to use when needed, even if this is in rare occasions.
From the above, it is clear that deactivating SCells when unused by any UE they are configured for can provide significant NES. 
Observation 3: Deactivating SCells when unused by any UE they are configured for can provide significant NES.
Clearly all above can already be achieved by network implementation, leveraging the (Enhanced) SCell Activation/Deactivation MAC CEs. However these MAC CE transmissions are dedicated signaling for each UE and so:
· Consume NW energy
· Delay the SCell activation/deactivation
Specifically, for the latter aspect, the timing associated with an SCell activation/deactivation is provided in TS 38.213, clause 4.3. where the upper bound is provided by the RRC requirement (16ms, 38.331 Table 12.1-1) and the lower bound is given by 3Nsubframe,uslot + 1 = number of slots from the associated ACK transmission, and this value is ~3ms irrespective of the numerology. The PDSCH to ACK delay can be made very short (in same slot if subslotLengthForPUCCH is configured) so is considered negligible compared to 3Nsubframe,uslot + 1. Note that RAN1 consistently specified the same latency requirement for all MAC-CE based activation commands e.g. see also MAC CE indications for ZP-CSI-RS resource configuration, DL TCI configuration, A-CSI configuration, SP-CSI configuration in PUSCH, SP-CSI activation in PUCCH, and SRS resource activation/deactivation [2], so that the vast majority of the 3ms are taken by the MAC CE decoding/interpretation in MAC layer.
Observation 4: Activating/deactivating SCells via (Enhanced) SCell Activation/Deactivation MAC CEs 1) consumes NW energy and 2) adds ~3ms latency for decoding/interpretation in MAC layer.
For some usecases, e.g. PDCP duplication activation, the 3ms can be an issue for some traffic types e.g. URLLC, which is why autonomous PDCP duplication activation has been introduced in R17 (Survival Time). But for such cases, if the duplication cannot take place in practice because a MAC CE needs to be sent to activate the SCell, then the R17 enhancements bring no benefit, latency-wise. And keeping the SCell always-on wastes considerable NW energy (since the CSI-RS keeps being sent in the secondary cell even when all UEs do not have duplication activated).
Note the focus mainly is on SCell activation since SCell deactivation is already performed autonomously by expiry of the associated inactivity timer (NW can save the explicit SCell deactivation MAC CE transmission, if it wants to). 
Proposal 1: RAN2 studies autonomous SCell activation triggered by a PDCP duplication activation, e.g. for Survival Time usecase.
We believe other usecases could also leverage this generic autonomous SCell activation principle:
· Other autonomous duplication triggers (in addition to ST): LBT failure, BFI/BFR, CSI below a threshold …
· Some pre-configured SCells could be autonomously activated when a UE reports its preference for a larger number of secondary component carriers (for example, UE expecting a large amount of traffic in the near future)
· …
Proposal 2: RAN2 studies more autonomous SCell activation triggers.
NES gain
For low system load scenario, to deactivate and turn off unnecessary SCells is the straightforward approach of reduction of network energy consumption. For example, the PCell RF, baseband and controller remain active to keep the link connection, but all the SCell RFs are turned off and no PDCCH/RS transmission occurs during SCell off state, which reduces the network energy consumption, as illustrated in Figure 1. When SCell would be used for data transmission, dynamic and fast activation of the SCell should be supported. As an example, the solution of autonomous SCell activation performs fast activation for duplication transmission. The NES gain is to reduce time domain symbols, and enable the gNB to reach deeper sleep states.



[bookmark: _Ref111111999]Figure 1: SCell RF turning off (deactivation)
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN2 impact
In TS 38.300 [3], it is stated that gNB should ensure at least one serving cell for an activated RLC leg is activated and when associated SCell(s) are deactivated, the duplication should be deactivated for the RLC leg.
“When activating duplication for a DRB, NG-RAN should ensure that at least one serving cell is activated for each logical channel associated with an activated RLC entity of the DRB; and when the deactivation of SCells leaves no serving cells activated for a logical channel of the DRB, NG-RAN should ensure that duplication is also deactivated for the RLC entity associated with the logical channel.”
The solution of autonomous SCell activation has below RAN2 impacts:
· UE can activate one or more deactivated SCell(s) without other gNB indication when duplication is activated autonomously, such as triggered by DCI for CG retransmission in survival time case; FFS other triggers e.g. LBT failure, BFI/BFR, CSI below a threshold …
· UE can activate one or more (pre-configured) deactivated SCell(s) without other gNB indication upon reporting its preference for a larger number of secondary component carriers (for example, UE expecting a large amount of traffic in the near future) and/or larger aggregated bandwidth
Then we get the below table for autonomous SCell activation.
Table 1 Autonomous SCell activation
	Introduction
	UE activates SCell(s) associated with specific RLC leg when PDCP duplication for the RLC leg is activated autonomously, such as triggered by DCI for CG retransmission introduced in Rel-17 IIOT.
Other triggers are considered such as: other autonomous duplication triggers, UAI reporting for a larger number of secondary component carriers and/or aggregated bandwidth.

	Scenario
	Multi-carrier (FFS inter-frequency or intra-frequency); UEs in connected state

	NES gain
	Reduce time domain symbols, and enable the gNB to reach deeper sleep state.

	Impact to legacy UEs
	No

	UE assistance needed
	The legacy UAI (MaxCC-Preference-r16) needs to be upgraded to allow reporting larger number of CCs for addressing other purpose but power saving.

	RAN2 impact
	UE can activate a deactivated SCell without other gNB indication when duplication is activated autonomously, such as triggered by DCI for CG retransmission in survival time case;
Other triggers are considered such as: other autonomous duplication triggers, UAI reporting for a larger number of secondary component carriers and/or aggregated bandwidth.


Proposal 3: RAN2 discusses autonomous SCell activation based on Table 1.
gNB DTX/DRX
Solution
The main part of the unnecessary energy consumption in mobile networks is actually spent when low or zero system load with users barely accessing network. To keep gNB in sleeping mode for a relatively long time without frequently waking-up, gNB DTX/DRX needs to be considered for network energy saving purpose.
Network can measure the traffic and compute the statistic of the system load for the consideration of energy saving techniques in time domain. C-DRX had been used for UE power saving with discontinuous reception to reduce the unnecessary power consumption. When system load is low and the number of UEs accessing the system is small, the gNB could reduce the energy consumption with the DTX transmission in low system load state by allocating the same set of C-DRX parameters for all UEs, aiming at aligning DTX-ON and DTX-OFF intervals for all UEs.  During DTX-OFF, gNB could go to sleep to reduce energy consumption. Note the intention of gNB DTX here is to also reduce transmissions which are currently kept during legacy DRX OFF intervals, such as CSI-RS, SSB and PDCCH for some specific RNTIs. Or, in other words, during gNB DTX-OFF interval, gNB behaves as in NES state (where exact definition of NES state is to be finalized in RAN1). So gNB DTX OFF is not equivalent to the legacy definition of UE DRX OFF.
Observation 5: gNB DTX OFF is not equivalent to the legacy definition of UE DRX OFF.
For Rel-18 RRC CONNECTED mode UEs, DTX parameters can be indicated by gNB. The gNB DTX-ON could be fully aligned or partially aligned with UE DRX-ON, i.e. the gNB DTX-ON would completely cover the DRX-ON of all UEs as shown in Figure 2. 
DTX/DRX mechanism could trigger RS resources set groups switching and gNB could transmit sparse SSB, SIB, or CSI-RS to reduce network energy saving. Rel-18 UE can receive sparse DL signal/channel according to gNB’s configuration. Rel-18 UE could also discontinuously receive the corresponding CSI-RS, SSB or PDCCH in DTX/DRX OFF duration once gNB DTX/DRX operating is triggered. 
For the legacy UE, such as monitoring PDCCH with the CRC scrambled by the specific RNTI (e.g., P-RANTI, SI-RNTI, PS-RNTI, etc.), reception of the configured PDSCH and performing channel tracking operation outside the DRX active time, would be affected by the gNB DTX transmission. Therefore, triggering mechanisms of gNB transferring to DTX mode and the detailed behaviours of gNB under the DTX mode should be studied to avoid significant performance degradation for legacy UE. For example, gNB could configure the CSI-RS, SSB or PDCCH with the periodicity aligned with DTX cycle and transmission within the DTX-ON period to keep the sleeping state during the gNB DTX-OFF. Thus, the gNB DTX transmission could have less impact to the legacy UEs via the RRC configuration.
[image: ]
[bookmark: _Ref111111893]Figure 2: The gNB DTX/DRX structure

In [1], it is summarized that “RAN2 may need to further discuss whether the intention is for UE alignment, or group common signalling, or both”.
We think the two aspects are both essential. UE DRX configuration alignment is a first step of NES. Group common signaling is an important way to configure gNB DTX/DRX per cell or per UE group per cell. Some companies argued that current UE specific DRX configuration is enough. Considering the additional aspects of gNB DTX OFF state, it does not exactly match the legacy DRX behavior, so some additional specification and configuration are needed. Moreover, it may be applicable in single-carrier scenario. However, in multi-carrier scenario, UE has a common DRX configuration in a DRX group. The gNB DTX/DRX should be per cell or per UE group per cell. If taking current C-DRX configuration as gNB DTX/DRX solution, the NES efficiency will be impacted. Since current C-DRX configuration is not suitable, it is natural to introduce a group common signaling for the gNB DTX/DRX.
Observation 6: Legacy C-DRX configuration is not suitable to be used as gNB DTX/DRX solution, especially in multi-carrier scenario.
NES gain
Energy saving gain of the gNB DTX transmission is evaluated as follows [4]. The evaluated baseline scheme and gNB DTX transmission schemes are listed as following:
· Baseline: The gNB is always on to provide service to the UE.
· Centralized DRX-ON configuration: The gNB DTX aligns with the UE DRX cycles, in which same on-durations of UE DRX are configured for all UEs.
The evaluation results are shown in Table 2. It is observed that gNB DTX transmission with centralized DRX-ON configuration can achieve 50.1%~75.3% energy saving gain under the different system load. With the decrease of system loads, more NES gain is achieved. 
For the low system load, e.g. 9%, the duration of gNB DTX-ON for data transmission occupies lower ratio in the DTX cycle and the corresponding energy consumption of the gNB DTX-ON is much lower than that of DTX-OFF. 
[bookmark: _Ref115272507]Table 2：The energy saving gain of the gNB DTX transmission 
compared to the Baseline (gNB is always on) under the different system loads
	The evaluation scheme
	System load = 9%
	System load = 15%
	System load = 30%

	Average ESG of DTX
	75.3%
	66.1%
	50.1%


Observation 7: gNB DTX transmission with centralized DRX-ON configuration can obtain 50.1%~75.3% energy saving gain. With the low system load, the extreme NES gain is achieved.
Proposal 4: gNB DTX/DRX is studied where gNB is in NES state during DTX/DRX-OFF intervals. NES state design FFS in RAN1.
Proposal 5: Group common signaling should be introduced to indicate gNB DTX/DRX.
RAN2 impact
The solution of gNB DTX/DRX is related to NES states which have been discussed in RAN1. Meanwhile, the gNB and UE behaviors during gNB on/off period should be discussed in both RAN1 and RAN2.
· For idle/inactive UE, there are two aspects that were considered during the email discussion [1]: SSB-less and paging adaptation. We think SSB-less should be discussed in the SSB-less issue. The gNB could configure SSB within the gNB’s on period. If gNB configures SSBs within the off period, gNB should transmit SSBs in off period to avoid the negative impacts on the legacy UEs. For paging adaptation, if gNB can identify the Rel-18 UEs, it can adjust the paging occasion so that UE should not be paged during the off period. However, it will increase the UE access latency. Alternative way is to page UE in an overlapped non-NES cell. So for idle/inactive UE, it seems gNB DTX/DRX alone has no obvious benefit, nor impact.
· For connected UE, with aligned UEs’ C-DRX period, gNB can keep in sleeping mode for a relatively long time. Rel-18 UE should not perform DL monitoring / UL transmission during off period. The impacts on legacy UE should be minimized by certain configurations.
Anyway, it is difficult to discuss RAN2 impact without RAN1 decision on NES states, and exact gNB/UE behaviors during gNB DTX/DRX on/off periods.
Proposal 6: RAN2 impacts of gNB DTX/DRX should be discussed after RAN1 makes more progress on NES states and other related aspects.
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Observation 1: NW can stop periodic CSI-RS transmission in an SCell deactivated for all its serving UEs, which saves NW energy.
Observation 2: When configured for a complementary resource usage, e.g. PDCP duplication, an SCell is expected to be infrequently used, although ready to use when needed, even if this is in rare occasions.
Observation 3: Deactivating SCells when unused by any UE they are configured for can provide significant NES.
Observation 4: Activating/deactivating SCells via (Enhanced) SCell Activation/Deactivation MAC CEs 1) consumes NW energy and 2) adds ~3ms latency for decoding/interpretation in MAC layer.
Proposal 1: RAN2 studies autonomous SCell activation triggered by a PDCP duplication activation, e.g. for Survival Time usecase.
Proposal 2: RAN2 studies more autonomous SCell activation triggers.
Proposal 3: RAN2 discusses autonomous SCell activation based on Table 1.

Observation 5: gNB DTX OFF is not equivalent to the legacy definition of UE DRX OFF.
Observation 6: Legacy C-DRX configuration is not suitable to be used as gNB DTX/DRX solution, especially in multi-carrier scenario.
Observation 7: gNB DTX transmission with centralized DRX-ON configuration can obtain 50.1%~75.3% energy saving gain. With the low system load, the extreme NES gain is achieved.
Proposal 4: gNB DTX/DRX is studied where gNB is in NES state during DTX/DRX-OFF intervals. NES state design FFS in RAN1.
Proposal 5: Group common signaling should be introduced to indicate gNB DTX/DRX.
Proposal 6: RAN2 impacts of gNB DTX/DRX should be discussed after RAN1 makes more progress on NES states and other related aspects.
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