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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#119bis-e, RAN2 reached below agreements. After post-meeting email discussion, RAN2 endorsed a TP on cell DTX/DRX [1] and the remaining issues on cell DTX/DRX are listed in the summary [2]. This paper will discuss the remaining issues listed in [2].
=>	Let’s start with understanding solution in the context of connected 
•	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.
•	Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).
•	Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).
•	Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).
=>	RAN2 assumes that the options above are possible for gNB DTX/DRX behavior and discuss UE RAN2 behavior/impact during the DTX/DRX. 

=>	For the purpose of our discussion we will focus on a single UE behavior at any point in time.  FFS if we allow multiple configuration of NW DRX/DTX behaviors.

=>	Periodic DTX is assumed as a baseline.  The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signaling. 
=>	Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2
Discussion
2.1 Clarification of previous agreement:
	Whether L1/L2 signalling can be used to configure the DTX/DRX pattern, or only be used to activate the RRC-configured DTX/DRX pattern:
· Alt-1: Allow both periodic pattern (configured by RRC) and one-shot pattern (configured by L1/L2 signalling)
· Alt-2: Allow periodic pattern, configured by RRC and activated by L1/L2 signalling


RAN2 agreed “Periodic DTX is assumed as a baseline” and captured this agreement in the TP [1]. RRC configuration is always needed for the periodic pattern. After RRC configuration, L1/L2 signaling can be used to activate/deactivate/modify the DTX/DRX pattern. NES should be a semi-static procedure and gNB should consider several aspects such as number of connected UEs and anticipated services for a period. One shot pattern configured by L1/L2 signaling is not a reasonable case. Moreover, we think L1/L2 signaling can be used to activate/deactivate/modify the DTX/DRX pattern, not only activate.
Proposal 1: RAN2 adopt Alt-2 with revision: “Allow periodic pattern, configured by RRC and activated/deactivated/modified by L1/L2 signaling”.
2.2 Configuration and signaling:
	2-1: The detailed information to be configured, e.g. DTX/DRX pattern etc.
2-2: The signalling design, including but not limited to:
· Notification procedure and signalling of DTX/DRX pattern?
· How group signalling applies to the configuration or mode notification?
2-3: Multiple configurations
· Joint or separate configuration of DTX and DRX mode/operation
· Whether multiple DTX/DRX configurations/modes (based on the definition of multiple configurations from above) are allowed to be configured via RRC signalling
· Whether the activation of NW DRX can be different with NW DTX
· The potential signalling impacts
2-4: Whether there are valid scenarios to keep CA in Cell DTX/DRX



2-1: The detailed information to be configured, e.g. DTX/DRX pattern etc.
2-2: The signaling design, including but not limited to:
The two bullets need to be discussed together. The cell DTX/DRX mechanism could be considered as shown in Figure 1.


[bookmark: _Ref118209596]Figure 1 The examples of cell DTX/DRX mechanism
Basically, gNB should configure cell DTX/DRX to UE. Two basic parameters: periodicity and active duration should be mandatory in the RRC configuration. Depends on whether the cell DTX/DRX mechanism can be applied via the RRC signaling alone, the start point of cell DRX/DRX can be included or non-included in the RRC parameters. We prefer to include the start point in the RRC configuration.
Proposal 2: The RRC configuration for cell DTX/DRX should include the parameters: periodicity, active duration, and start point.
For L1/L2 signaling, there are 4 cases:
· Case 1: the L1/L2 signalling can be used to activate the configured cell DTX/DRX;
· Case 2: the L1/L2 signalling can be used to modify the start point of the cell DTX/DRX period;
· Case 3: the L1/L2 signalling can be used to modify the periodicity and/or active duration of the cell DTX/DRX period;
· Case 4: the L1/L2 signalling can be used to deactivate the configured cell DTX/DRX.
Case 1 and case 4 are reasonable to reflect the NW decision quickly. Case 2 and case 4 could be kept in the SI and discussed in WI stage in detail.
Since cell DTX/DRX is NW behavior, and during the non-active period, all UEs connected to the cell cannot perform data transmission, group signaling for cell DTX/DRX is preferred. Since group signaling is supported by L1 but not by L2 (MAC CE), L1 signaling can be applied as the group signaling for cell DTX/DRX appropriately.
Proposal 3: Group L1 signaling should be applied to the signaling for cell DTX/DRX and the group L2 signaling is precluded.
Proposal 4: Below information could be considered in the UE dedicated L1/L2 signaling and group L1 signaling and the FFSs could be discussed in RAN1.
· cell DTX/DRX activation/deactivation;
· New start point (FFS);
· New active period (FFS);
· New periodicity (FFS).
Another question is if the active period can be extended by other timers similar to drx-InactivityTimer and drx-RetransmissionTimer in UE C-DRX. To simplify the design of cell DTX/DRX, we prefer not to consider these enhancements. And gNB should stop UE data transmission before non-active period by implementation.
Proposal 5: The active period should not be extended by other timers due to data transmission.
2-3: Multiple configurations
Regarding multiple configurations, at first, DTX and DRX should be configured jointly considering the data transmission in air interface is always related to both directions. Currently, even the mechanism of single configuration cell DTX/DRX still needs to be clarified and this is the last meeting in SI stage. So we prefer not to consider multiple configurations of cell DTX/DRX in the TR and if needed, it can be discussed in WI stage after the mechanism of single configuration of cell DTX/DRX is clear.
Proposal 6: Cell DTX and DRX should be configured jointly in a single configuration.
Proposal 7: Multiple configurations of cell DTX/DRX is not supported it the SI stage considering the time limitation. 
2-4: Whether there are valid scenarios to keep CA in Cell DTX/DRX
Cell DTX/DRX is used for network energy saving and designed from gNB aspect. CA is configured per UE. We find at least two scenarios to keep CA when one cell is configured with cell DTX/DRX. The first scenario is related to our proposal 5. When there is data arrival just before entering a non-active period, gNB can transmit this data in another cell if CA is configured and that cell has no configured/activated DTX/DRX operation. Hence both data transmission performance and energy saving of the cell can be guaranteed. The second scenario is related to PDCP duplication. The NES-cell can be configured to transmit the duplicate packets only, which is expected to happen infrequently, for example in a scenario where the duplication is configured in support of Survival Time. In such case, Cell DTX/DRX can be activated as long as the duplication is deactivated, and vice versa. 
Proposal 8: Cell DTX/DRX and CA can be considered /configured independently.
2.3 UE behavior
	3-1: Whether legacy UEs can access cells with DTX mode
3-2: For each of the 4 examples in the TR:
· From gNB side, which information needs to be transmitted and potential benefits for energy saving
· From UE side, the behaviour like which information needs to be received, monitoring etc., performance impact compared with normal access


Whether legacy UEs can access cells with DTX mode depends on the design of cell DTX/DRX. We list the four examples again.
•	Example 1: gNB is expected to turn off all transmission and reception for data traffic and reference signal during Cell DTX / DRX OFF duration.
•	Example 2: gNB is expected to turn off its transmission / reception only for data traffic during Cell DTX / DRX OFF duration (i.e. gNB will still transmit / receive reference signals).
•	Example 3: gNB is expected to turn off its dynamic transmission / reception during Cell DTX / DRX OFF duration (i.e. gNB is expected to still perform periodic transmission / reception, including SPS, CG-PUSCH, SR, RACH, and SRS).
•	Example 4: gNB is expected to only transmit reference signals (e.g. CSI-RS for measurement).
Table 1 Comparison of the 4 examples for cell DTX/DRX
	
	Example 1
	Example 2
	Example 3
	Example 4

	gNB behaviour during cell DTX/DRX non-active period
	Turn off totally
	Turn off data Tx/Rx; keep RS Tx/Rx
	Turn off DG data transmission; keep SPS/CG data transmission and RS Tx/Rx
	Keep RS (such as CSI-RS) transmission

	UE behaviour during cell DTX/DRX non-active period
	No any Rx/Tx
	Receive DL RS and send UL RS (such as SRS), not clear if SR can be sent
	Similar to C-DRX, stop DG data transmission only
	Can do measurement only

	NW energy saving
	++++
	++
	+
	+++

	UE performance impact
	Idle/ inactive UEs cannot access the cell.
	Idle/ inactive UEs can access the cell.
	Idle/ inactive UEs can access the cell.
	Idle/ inactive UEs can camp on the cell but cannot access the cell (or the access delay is considerable).

	
	Connected UEs may be configured with compatible C-DRX period but even if gNB sends DRX command MAC CE to the UE before non-active period, the retransmissions may be lost. SPS/CG cannot be transmitted.
	For connected UEs, same as example 1, even with compatible C-DRX period configuration and appropriate DRX command MAC CE, the retransmissions may be lost. SPS/CG cannot be transmitted.
	For connected UEs, same as example 1, even with compatible C-DRX period configuration and appropriate DRX command MAC CE, the retransmissions may be lost.
But SPS/CG can be configured and transmitted as normal.
	For connected UEs, same as example 1.


	
	Measurement will be impacted.
	No impact on measurement.
	No impact on measurement.
	No impact on DL measurement.


According to above comparison, example 1 has the best energy saving gain with the negative impacts on UE performance. Example 3 has the least impact on UE performance but its benefit for energy saving is not so satisfactory.
Note that RAN1#110bis-e reached below agreements and the proposal#2-4 is related to cell DTX/DRX. 
	Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.
The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3
· Proposal #2-2J of R1-2210620 Section 3
· Proposal #2-3H of R1-2210620 Section 3
· Proposal #2-4H of R1-2210620 Section 3
· Proposal #2-6J of R1-2210620 Section 3
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3
· Proposal #3-2F of R1-2210620 Section 3
· Proposal #3-3F of R1-2210620 Section 3
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3
· Proposal #4-2G of R1-2210620 Section 3
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3
· Proposal #5-2H of R1-2210620 Section 3
· Proposal #5-3H of R1-2210620 Section 3
· Proposal #5-4H of R1-2210620 Section 3
· Proposal #5-5D of R1-2210620 Section 3

R1-2210620 [3]
Proposal #2-4H
· Technique #A-4: Adaptation of DTX/DRX
· With DTX/DRX, gNB has the opportunity to be inactive. During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.
· Enhancement of UE C-DRX where DRX cycles or offsets configured for UEs in connected mode or idle/inactive mode can be aligned, potentially provide longer inactivity periods at the gNB and reduce gNB’s activities (e.g. SSB, CG PUSCH, RO, etc.) outside UE DRX active time.
· gNB entering into inactive state for a period of time along with the possible indication of network adaptation of DTX/DRX. 
· Background:
· In case of DTX/DRX the BS can go to inactive state with different time granularities. Currently C-DRX is configured per UE, and the DTX period for one UE may be active time for the other UE, depending on scheduler. In this case, gNB has to schedule different UEs on different time periods, and the time left for its inactivity will be limited. The alignment of the DRX cycles or offsets for the UEs can be done only via RRC re-configuration. Potential DTX/DTX enhancements to increase inactive time for gNB can be studied.
· Since UE may monitor certain channels/signals from BS when outside DRX active time, there may be corresponding restriction to BS activity time. 
· Potential impact to other WGS
· RAN2/RAN3:
· gNB DTX/DRX patterns/parameters definition and potential gNB DTX/DRX patterns exchange across neighbor gNBs.
· RAN4:




RAN1 assume “During the inactive duration, gNB does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels, and may have no transmission/reception or only keep limited transmission/reception.”
As can be observed, the RAN1 description is rather generic and could be understood to include the RAN2 examples. However the key takeaway is that both WGs are working on the same design which is no good. Therefore we would prefer to leave the RAN2 examples open at this stage and let RAN1 finalizing the NES design of inactive durations. 
Observation 1: RAN1 is also progressing the NES design of DTX/DRX inactive periods, with no obvious contradiction so far with RAN2 assumptions/examples.
Proposal 9: RAN2 leaves it to RAN1 to finalize the NES design of DTX/DRX inactive durations.
2.4 Alignment
	4-1: Whether/how to align UE DRX with network DTX, including UE transmission/reception behavior during DTX
4-2: Whether/how to align DRX alignment among multiple UEs


For connected UEs, DTX parameters are 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 UEs as shown in Figure 2.
[image: ]
[bookmark: _Ref111111893]Figure 2: The gNB DTX/DRX structure
For the legacy UEs, gNB should configure UE’s C-DRX period to be aligned with the cell DTX/DRX period. As we analyzed in Table 1, gNB can inform UE entering inactive period by a legacy DRX command MAC CE. But UE should stay in active time when drx-RetransmissionTimer is running. In this case, the retransmission data will be lost.
Observation 2: gNB can configure legacy UEs by RRC signaling to align the UE C-DRX period with cell DTX/DRX period.
The R18 UEs are aware of the cell DTX/DRX state by gNB configuration and signaling discussed in clause 2.3. With the harmonious C-DRX periodicity configuration, the R18 UE may adjust UE C-DRX (at least start point) according to cell DTX/DRX signaling.
Proposal 10: The R18 UEs may adjust UE C-DRX (at least start point) according to cell DTX/DRX signaling.
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Proposal 1: RAN2 adopt Alt-2 with revision: “Allow periodic pattern, configured by RRC and activated/deactivated/modified by L1/L2 signaling”.
Proposal 2: The RRC configuration for cell DTX/DRX should include the parameters: periodicity, active duration, and start point.
Proposal 3: Group L1 signaling should be applied to the signaling for cell DTX/DRX and the group L2 signaling is precluded.
Proposal 4: Below information could be considered in the UE dedicated L1/L2 signaling and group L1 signaling and the FFSs could be discussed in RAN1.
· cell DTX/DRX activation/deactivation;
· New start point (FFS);
· New active period (FFS);
· New periodicity (FFS).
Proposal 5: The active period should not be extended by other timers due to data transmission.
Proposal 6: Cell DTX and DRX should be configured jointly in a single configuration.
Proposal 7: Multiple configurations of cell DTX/DRX is not supported it the SI stage considering the time limitation. 
Proposal 8: Cell DTX/DRX and CA can be considered /configured independently.
Observation 1: RAN1 is also progressing the NES design of DTX/DRX inactive periods, with no obvious contradiction so far with RAN2 assumptions/examples.
Proposal 9: RAN2 leaves it to RAN1 to finalize the NES design of DTX/DRX inactive durations.
Observation 2: gNB can configure legacy UEs by RRC signaling to align the UE C-DRX period with cell DTX/DRX period.
[bookmark: _Ref69910645]Proposal 10: The R18 UEs may adjust UE C-DRX (at least start point) according to cell DTX/DRX signaling.
The corresponding TP is attached in the Annex.
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6	Techniques to improve network energy savings
Editor's note: simulation results to be captured under this section.
Editor's note: RAN2 and RAN3 related aspect to be provided by using separate sections like 6.X when applicable.
6.1	Techniques in X time domain
6.1.1	Cell DTX/DRXTechnique 1 (e.g. Adapting transmission/reception of common channels/signals)
6.1.1.x	Higher layer procedures
Cell DTX/DRX is applied to at least UEs in RRC_CONNECTED state. A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via RRC signalling. The RRC configuration for Cell DTX/DRX should at least include the parameters: periodicity, active duration, and start point. Below examples on Cell DTX/DRX behaviour during non-active periods are assumed to be possible options, and the UE behaviour/impact will be studied:	Comment by CATT: Proposal 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).
The study will focus on UE behavior when at any point in time the cell activates a single DTX/DRX configuration.
Multiple sets of Cell DRX/DTX configuration are not allowed, and Cell DTX/DRX should be configured jointly in a single configuration.	Comment by CATT: Proposal 7/6

The Cell DTX mode/configuration can also be activated/deactivated/modified to the UE via dynamic L1/L2 signalling. The dynamic L1/L2 signalling at least supports UE dedicated indication. UE group common L1 signalling is also supported. The UE dedicated L1/L2 signaling and group L1 signaling should at least include the information of Cell DTX/DRX activation/deactivation. 	Comment by CATT: Proposal 1	Comment by CATT: Proposal 4
Editor’s Note: FFS if other information could be included in the L1/L2 signaling such as new start point, active period and periodicity.
It is beneficial to align UE DRX with Cell DTX and DRX alignment among multiple UEs. The gNB can configure legacy UEs by RRC signaling to align the UE C-DRX period with cell DTX/DRX period. The R18 UEs may adjust UE C-DRX (at least start point) according to cell DTX/DRX signaling.	Comment by CATT: Observation 2 and Proposal 10

Editor's note: FFS details of alignment, including UE transmission/reception behavior during DTX.

The active period of Cell DTX/DRX should not be extended by other timers due to data transmission. Cell DTX/DRX and CA can be considered /configured independently.	Comment by CATT: Proposal 5
6.1.1.y	Assistance information from UE side
Editor's note: will be updated once more agreements are made.
6.1.1.z	Impacts on network interfaces
Editor's note: will be updated once more agreements are made.
6.2	Techniques in Y domain
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
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