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[bookmark: _Hlk92533719]Introduction
[bookmark: _Hlk85390381][bookmark: _Hlk92533704]According to the WID[1], the objective of cell DTX/DRX mechanism is:
	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]
•	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.


In this contribution, we will discuss various aspects about cell DTX/DRX mechanism .

Discussion
Background
The motivation of cell DTX/DRX is to save network energy upon low traffic load (e.g., a small number of RRC_connected UEs). In this case, concentrating most of gNB transmissions/receptions into a small duration is beneficial for network energy saving. Thus, there may be the following two modes at the gNB side due to varying traffic load:
· Normal mode: gNB can transmit or receive in any period according to the configuration
· Typically, DRX on duration for different UE groups are distributed in different time span
· Cell DTX/DRX mode: active period and inactive period
· Active period: gNB can transmit or receive any signal or channel in this period
· Inactive period: At least dynamical scheduled transmission/reception is not performed in this period and gNB can be in sleep mode as much as possible
Currently, according to legacy operation, gNB could perform RRC-reconfiguration to align all UE’s DRX on duration and transmissions/receptions of UE specific signals/channels within an active period so that the other time period becomes inactive period. Here, the problem lies in that the switching between normal mode and cell DTX/DRX mode is slow by RRC reconfiguration to adapt to traffic load varying. Therefore, the design objective is to achieve dynamic switching between normal mode and cell DTX/DRX mode.
General Description
Above all, we need to have an overall understanding about how we achieve network energy saving gain from introducing cell DTX/DRX mechanism and what may be necessary to be specified. From the discussion during SI phase, we observe two main alternatives to realize cell DTX/DRX:
· [bookmark: _Hlk127267034]Alt.1: Implicit cell DTX/DRX at gNB side by UE C-DRX alignment and proper configuration/scheduling adaptation via L1/L2 signaling;
· [bookmark: _Hlk127267010]Alt.2: Explicit cell DTX/DRX configuration/indication from gNB to UE with adaptation via L1/L2 or RRC signaling, with potential alignment/interaction with UE C-DRX.
Both alternatives confine transmissions/receptions within a duration, so that the gNB may not (for Alt.1) or can not (with the spirit of introducing Alt.2) perform dynamic transmissions/receptions during the non-active period. 
Observation 1 There are implicit and explicit ways to realize the cell DTX/DRX mechanism.
[bookmark: _Hlk92532133]During RAN2#120 meeting, 4 examples are proposed to define cell DTX/DRX non-active period, which have been adopted in the TR for Rel-18 NES[2]:
	· Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX/DRX non-active periods.
· Example 2: gNB is expected to turn off its transmission/reception only for data traffic during Cell DTX/DRX non-active periods (i.e., gNB will still transmit/receive reference signals)
· Example 3: gNB is expected to turn off its dynamic data transmission/reception during Cell DTX/DRX non-active periods (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Example 4: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).


According to the majority views, the definition of cell DTX/DRX non-active period should be up to RAN1, since it is hard for RAN2 to evaluate the impacts from these 4 examples along with other unmentioned examples that are not precluded. In our view, example 3 can already be implemented by existing signaling, e.g. by Alt.1 mentioned above for cell DTX/DRX, and the rest examples should be left to RAN1 to analyze the impact and feasibility.
[bookmark: _Hlk92538289]It seems that example 1,2,4 do not allow any data traffic during the cell DTX/DRX non-active period. From our perspective, at least retransmission should be allowed, e.g. to extend cell DTX/DRX on duration when there is possible retransmission. Otherwise, the UE or the gNB has to wait for the on duration in the next cell DTX/DRX cycle, which may cause severe delay and is unacceptable for some service. Therefore, we propose that at least retransmission should be allowed during cell DTX/DRX non-active period.
Proposal 1 At least retransmission should be allowed during cell DTX/DRX non-active period.
Proposal 2 Send an LS to RAN1 for determining the definition of cell DTX/DRX non-active period taking proposal 1 into consideration.
Implementation of cell DTX/DRX 
As mentioned above, there are two alternatives for cell DTX/DRX mechanism:
· Alt.1: Implicit cell DTX/DRX at gNB side by UE C-DRX alignment and proper configuration/scheduling adaptation via L1/L2 signaling;
· Alt.2: Explicit cell DTX/DRX indication from gNB to UE with adaptation via L1/L2 signaling.
Alt.1: Implicit cell DTX/DRX at gNB side
Alt.1 assumes that there is only UE DRX configured and no explicit cell DTX/DRX configuration from gNB to UE. The key idea of this alternative is to align all UEs’ transmissions/receptions within an implicit active period at gNB side as much as possible. For example, when gNB intends to enter cell DTX/DRX mode from normal mode, the following actions can be performed:
· For SPS PDSCH or CG PUSCH, gNB could send DCIs to deactivate the normal configuration and activate the configuration concentrated within the active period so that there is no SPS PDSCH transmission or CG PUSCH reception in gNB’s inactive period;
· For CSI-RS, gNB could use SP/AP CSI-RS configuration and activate/trigger the CSI-RS concentrated within the active period so that there is no CSI-RS transmission in the inactive period;
· For PUCCH,
· For PUCCH carrying HARQ-ACK, gNB could control its time position within the active period by proper scheduling of PDSCH;
· For PUCCH carrying CSI, gNB could use SP/AP CSI reporting and send DCI to activate/trigger the SP/AP CSI where the corresponding PUCCH is located within the active period.
DRX on time is typically distributed among UEs so that gNB can schedule PDSCH/PUSCH in different time periods in normal mode, as shown in Figure 1. In this case, PDCCH transmission and scheduled PDSCH/PUSCH by the PDCCH for different UEs are distributed in time from gNB side. Currently, only RRC re-configuration is the only way to perform DRX parameter adaptation. L1/L2 signaling to achieve DRX adaptation can be introduced to enable fast switching between normal mode and implicit cell DTX/DRX mode.
[image: ]
(a) Normal mode: UEs have different DRX distributions    (b) cell DTX/DRX mode: Alignment of UE DRX
[bookmark: _Ref127523720]Figure 1: UE DRX distribution for the normal mode and the NES mode
In terms of energy saving benefit, NES gain is observed for evaluation of UE C-DRX alignment in [3]:
	Based on 6 sources results, semi-static UE C-DRX alignment achieves BS energy savings gain by 0.2%~71.4% depending on the traffic, UE DRX configurations, and the assumed baseline, e.g., random DRX offset per UE, or gNB is always ON to provide service to the UE. At low or light traffic load cases, 4 sources show that the gain can be 14.4%~71.4%, while 3 sources show less than 6.7% gain, depending on whether BS and UE active duration are aligned or not; at medium load case, 2 sources show network energy saving gain can be 4.8%~47.8%. According to one source, dropping SSB outside UE active time can achieve the energy savings by 14.4%~70.1% and it is assumed that the UE active durations are aligned and the potential impact on synchronization and UE measurement outside the UE duration is not considered.


In terms of spec impact, specifying L1/L2 signaling is the only one needed to achieve implicit cell DTX/DRX. In general, network energy saving benefit of Alt.1 is already validated by evaluation in SI phase. Besides, there is little spec impact for Alt.1.
Proposal 3 UE DRX alignment via L1/L2 signalling to achieve implicit cell DTX/DRX can be considered as a baseline.
Alt.2: Explicit cell DTX/DRX configuration/indication from gNB to UE
The key idea of this alternative is to introduce an explicit cell DTX/DRX pattern that can be configured to UE so that UE may limit its transmission/reception based on the activated pattern. In the non-active period of DTX/DRX, gNB does not need to transmit/receive some specific signals/channels, such as reference signals, period/SPS signals or UE specific signals/channels. In this way, there are no or limited transmission/reception in the active period and the gNB can fall into deeper sleep mode during non-active period for energy saving.
One straight forward question is whether cell DTX/DRX configuration(s) is the same or can be different among different UEs, i.e. cell-specific or UE-specific. We assume the cell DTX/DRX pattern should be the same among different UEs, e.g. cell-specific configuration indicated by SIB. Otherwise, as we analyze for Alt.1, it seems there is no necessity to introduce explicit cell DTX/DRX configuration/indication since UE C-DRX pattern shifting can realize the same purpose of cell DTX/DRX.
Proposal 4 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If cell DTX/DRX is explicitly configured, the cell DTX/DRX configuration(s) should be cell-specific.
Another issue about explicit cell DTX/DRX configuration is that whether cell DTX and cell DRX should be jointly or separately configured. Both can be possible from the TR statement[2].
	Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together.


However, if separate configuration and operation is allowed, the gNB may have to reply for UE UL transmission during cell DRX active period, which is illustrated as Figure 2, which may reduce the network energy saving gain. Besides, we do not observe clear motivation for separately operating cell DRX. Therefore, we propose that cell DTX and cell DRX can only be jointly configured and operated.
[image: ]
Figure 2: Additional cell DTX active time triggered by UL transmission in cell DRX active time
Proposal 5 If cell DTX/DRX is explicitly configured, Cell DTX and cell DRX can only be jointly configured and operated.

Alt.2-1: Explicit cell DTX/DRX configuration/indication along with UE C-DRX configuration
Another issue for Alt.2 is whether cell DTX/DRX and UE C-DRX can be both configured. We assume that both can be configured. Moreover, the two mechanism can be activate at the same time. According to the agreement made in last meeting, cell DTX/DRX can be configured per serving cell[3].
	Agreements
5	Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA.  No additional RAN2 impacts or enhancements are foreseen.


In legacy procedure, UE C-DRX configuration is configured and operated per DRX group. For the serving cell that cell DTX/DRX is activated, the PDCCH monitoring parameters from UE C-DRX configuration, e.g. inactivityTimer/HARQ-RTT-Timer/retransmissionTimer can be reused to extend the active time in which the UE should monitor PDCCH. In this case, there is no need to reconfigure PDCCH monitoring parameters in cell DTX/DRX configuration.
Proposal 6 If cell DTX/DRX is explicitly configured and UE C-DRX is configured, the PDCCH monitoring parameters of UE C-DRX configuration can be reused for determining the active time for the serving cell on which cell DTX/DRX is activated.
Since the cell DTX/DRX pattern (e.g. cycle, onDuration, start/slot offset) may be different and unaligned with UE C-DRX, we should also determine how UE determine the final pattern to be applied when cell DTX/DRX is activated. 
For example, if the cell DTX/DRX cycle is longer than the UE C-DRX cycle, e.g. cell DTX/DRX cycle = 160ms and UE C-DRX long cycle is 80ms, the UE can simply follow the cell DTX/DRX cycle since the UE may waste energy monitoring PDCCH every 80ms, i.e. the cell will only be possible to transmit on one 80ms cycle within the 160ms. Likewise, if the cell DTX/DRX cycle is smaller than the UE C-DRX cycle, e.g. cell DTX/DRX cycle = 160ms and UE C-DRX long cycle is 320ms, there is no point that the UE adopt the shorter cell DTX/DRX cycle since the original cycle is sufficient for UE transmission.
As for on duration, we have similar observation. If the onDurationTimer of cell DTX/DRX is larger than the drx-onDurationTimer of UE DRX, the UE can follow the original UE DRX on duration configuration for UE energy saving. If the onDurationTimer of cell DTX/DRX is smaller than the drx-onDurationTimer of UE DRX, the UE can use the onDurationTimer of cell DTX/DRX configuration since the serving cell may not transmit during the cell DTX/DRX non-active period anyway.
Therefore, we propose RAN2 to discuss how UE determine the final pattern/active time to be applied when UE C-DRX is configured and cell DTX/DRX is configured and activated.
Proposal 7 If cell DTX/DRX is explicitly configured and UE C-DRX is configured, RAN2 to discuss how the UE determine the final pattern/active time to be applied for the serving cell on which cell DTX/DRX is activated.
CA
[bookmark: _GoBack]In the last meeting, it is agreed that cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA. We would like RAN2 to discuss whether UE is required to monitor both cell DTX/DRX on duration and UE DRX on duration when cell DTX/DRX is activated for only one or some serving cells in the cell group while other cells remains to be working in normal mode like Figure 3.
[image: ]
Figure 3: cell DTX/DRX and UE C-DRX 
Proposal 8 RAN2 to discuss whether UE is required to monitor both cell DTX/DRX on duration and UE DRX on duration when cell DTX/DRX is activated only for part of the serving cells within the cell group for which UE DRX is configured.
Similarly, we do not expect that the cell DTX/DRX pattern is not aligned among different serving cells, which is unfriendly for UE energy saving. If it must be that cell DTX/DRX can be activated only for some serving cells within the cell group, we propose that at most one cell DTX/DRX pattern can be activated.
Proposal 9 For UE power saving, at most one cell DTX/DRX pattern can be activated at a time.


Conclusion
Based on the discussion, we have the following observation and proposals:
Observation 1 There are implicit and explicit ways to realize the cell DTX/DRX mechanism.
Proposal 1 At least retransmission should be allowed during cell DTX/DRX non-active period.
Proposal 2 Send an LS to RAN1 for determining the definition of cell DTX/DRX non-active period taking proposal 1 into consideration.
Proposal 3 UE DRX alignment via L1/L2 signalling to achieve implicit cell DTX/DRX can be considered as a baseline.
Proposal 4 If cell DTX/DRX is explicitly configured, the cell DTX/DRX configuration(s) should be cell-specific.
Proposal 5 If cell DTX/DRX is explicitly configured, Cell DTX and cell DRX can only be jointly configured and operated.
Proposal 6 If cell DTX/DRX is explicitly configured and UE C-DRX is configured, the PDCCH monitoring parameters of UE C-DRX configuration can be reused for determining the active time for the serving cell on which cell DTX/DRX is activated.
Proposal 7 If cell DTX/DRX is explicitly configured and UE C-DRX is configured, RAN2 to discuss how the UE determine the final pattern/active time to be applied for the serving cell on which cell DTX/DRX is activated.
Proposal 8 RAN2 to discuss whether UE is required to monitor both cell DTX/DRX on duration and UE DRX on duration when cell DTX/DRX is activated only for part of the serving cells within the cell group for which UE DRX is configured.
Proposal 9 For UE power saving, at most one cell DTX/DRX pattern can be activated at a time.
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