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1.	Introduction
This document discusses DTX/DRX mechanism for NES. The agreements related to DTX/DRX mechanism in R2-123 are as follows.
Agreements in R2-123 meeting:
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
[bookmark: _Hlk146695776]	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm working assumption, when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.

2.	Discussion
Regarding (de)activation and configuration of cell DTX/DRX, the agreement in the below box is agreed in R2-123 meeting. According to the agreement, cell DTX/DRX can be activated and deactivated per serving cell. However, whether to configure cell DTX/DRX per serving cell or per MAC entity is FFS.
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
Whether to configure cell DTX/DRX per serving cell or per MAC entity is discussed in R2-123 post email discussion ([POST123][312][NES]). The proposal in the below box is proposed.
	The rapporteur proposes the following way forward:
Proposal 1 	The Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· The UE will not be required to follow more than 2 active patterns of cell DTX/DRX, regardless of the number of servings cells. 
· The two configured active patterns should be aligned, i.e. one periodicity is an integer multiple of the other. 


Although the restrictions in the above-mentioned proposal may be helpful in limiting UE complexity, it still allows two different cell DTX/DRX patterns among serving cells. We think that ‘per serving cell’ option is not good for complexity and power saving. On the other hand, advantage of ‘per serving cell’ option is flexibility providing each serving cell with different cell DTX/DRX pattern.
However, we think that the gain of flexibility is easily achieved in other way by modifying cell DTX/DRX patterns and adjusting number of serving cells. For example, when two serving cells have different DTX patterns, the gNB can deactivate a serving cell and modify the other serving cell’s DTX pattern to be the union of two different DTX patterns. The second scenario (single modified cell DTX/DRX pattern) will equally operate with the first one (two different cell DTX/DRX pattern) in terms of serving traffics. Furthermore, it is more beneficial for power saving because the number of active serving cell is reduced. We think that the approach explained using the example is always possible when utilization of each serving cell is low, and NES is used when utilization of gNB/cell are sufficiently low. Therefore, we think that there is no reason to pursue ‘per serving cell’ option for flexibility.
When cell DTX/DRX configuration is provided per MAC entity, it is well aligned with UE C-DRX operation. The UE behaviors considering both cell DTX/DRX and UE C-DRX will beclear and simple without loss of power saving gain. We prefer configuring cell DTX/DRX per MAC entity.
Proposal 1. The configuration of cell DTX/DRX is per MAC entity.

Regarding the start offset configuration for cell DTX and cell DRX, the agreement in the below box is agreed in R2-123 meeting. However, whether to have different start offset for cell DTX and cell DRX has not been concluded yet.
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
There are a time difference between dynamic grant reception and actual data transmission, and another time difference between data reception and HARQ feedback transmission. The UE behaviors for these time differences are already agreed in R2-122 meeting as the following agreement: “when an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy). This includes DL HARQ feedback.”. If there is no issue for cell DTX/DRX operation, we prefer configuring cell DTX and cell DRX with the same parameters including start offset for simple and clear cell DTX/DRX operation.
Proposal 2. The common start offset is applied to cell DTX and cell DRX.

Regarding RRC-based cell DTX/DRX activation, how RRC-based activation works when L1-based cell DTX/DRX activation is configured is captured in remaining MAC open issues. The issue is about default activation/deactivation status if Cell DTX/DRX is configured but no L1 signalling is received though configured. In the issue description, the rapporteur summarize it as follows:
· Alt-1: Activation is default status:
· Immediate activation if cell DTX is configured, which is more aligned with the R2 early agreement for a baseline.
· if NW don't want Cell DTX/DRX to work immediately, it needs to explicitly send a DCI with deactivation to the UE.
· Alt-2: Deactivation is default status:
· The UE regards Cell DTX/DRX as deactivated only after a DCI with activation is received.
· Can be useful if gNB intends to activate cell DTX by L1 signaling but it has not sent L1 activation indication yet (e.g. due to loading consideration).
There is a baseline agreement (agreed in R2-121bis meeting): as a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. We think that Alt-1 (Activation is default status) is aligned with the agreement. We prefer Alt-1.
Proposal 3. Cell DTX/DRX is immediately activated when cell DTX/DRX is configured (Alt-1).

Regarding multiple cell DTX/DRX configuration, whether to support multiple cell DTX/DRX pattern configurations has not been concluded yet. It is captured in remaining MAC open issues.
If traffic load of a cell is changed very dynamically, multiple configurations may have benefit. However, considering that traffic load of a cell is aggregation of multiple UE’s traffic in the cell, we think that traffic load of a cell does not change dynamically. So, a single cell DTX/DRX configuration may be sufficient.
Proposal 4. Cell DTX/DRX with multiple configurations is not supported.

Regarding SR configuration and transmission, whether to allow configuring per SR configuration with whether SR can be transmitted during Cell DRX non-active period has not been concluded yet. It is captured in remaining MAC open issues. The motivation of this exceptional handling is to support high priority traffic or emergency traffic.
We think that if high priority traffic is periodic or frequent, there is no need to introduce an exceptional behavior because periodic traffic can be served with the configured cell DTX/DRX pattern of a proper periodicity. gNB can adjust and reconfigure cell DTX/DRX pattern to serve the high priority traffic and the related SR transmissions.
Observation 1. If high priority traffic is periodic or frequent, cell DTX/DRX pattern can be configured with a proper periodicity to serve the high priority traffic.
If high priority traffic is intermittent or infrequent, the exceptional handling will make gNB unnecessarily ready to receive SR during non-active period of cell DRX for most SR occasions. Considering that RA procedure can be performed during non-active period of cell DTX/DRX, if necessary, it is better to use RA procedure rather than SR with the above-mentioned exceptional behavior from the network energy saving perspective.
Observation 2. If high priority traffic is intermittent or infrequent, the arrival of high priority traffic can be informed by RA procedure. It is noted that RA procedure can be performed during non-active period of cell DTX/DRX.
[bookmark: _Hlk134785392]Proposal 5. Configuring per SR configuration with whether SR can be transmitted during Cell DRX non-active period is not supported.

Regarding RA procedures during NES operation, there is no impact to RA procedure in RRC_IDLE/RRC_INACTIVE, and UE in RRC_CONNECTED can perform RA procedure in non-active period of cell DTX/DRX. 
However, the event or the procedure which triggered RA procedure may be still incomplete after completion of RA procedure if RA procedure is completed during non-active period of cell DTX/DRX. For example, when an RRC procedure triggered an RA procedure, some RRC messages such as RRCSetupComplete, RRCReconfigurationComplete, etc. usually are not transmitted within the RA procedure. If those messages cannot be successively transmitted after the RA procedure and the transmission is delayed till the next active period of cell DTX/DRX, benefit of allowing RA procedure during non-active period is much reduced.
Therefore, it seems better to have an exception related to RA procedure such that gNB is allowed to schedule more dynamic grants and dynamic assignment after successful completion of RA procedure to complete the event or the procedure which triggered RA procedure. We think gNB can decide and configure how long to allow dynamic scheduling during non-active period after completion of RA procedure, or gNB can decide to transmit dynamic grants and dynamic assignment during the remaining non-active period. The UE also monitors PDCCH according to C-DRX during the remaining non-active period after successful completion of RA procedure.
[bookmark: _Hlk134772689][bookmark: _Hlk146700764]Proposal 6. gNB transmits dynamic grants and dynamic assignment during the remaining non-active period after successful completion of RA procedure, and the UE monitors PDCCH according to C-DRX during the remaining non-active period after successful completion of RA procedure.

Regarding emergency call handling, it is agreed that the network should ensure there is no impact to the emergency call once gNB recognizes there is an emergency call or public safety related service. The gNB may deactivate Cell DTX/DRX. Deactivation of Cell DTX/DRX may be effective when many UEs are involved in emergency call or public safety related service. However, when one or only few UEs request emergency call, deactivation of Cell DTX/DRX is not a good solution because the gNB loses the opportunity of network power saving to provide a small number of UEs with emergency call services. If the number of UEs requesting emergency call is small, the gNB consider to handover those UEs to another cell which is able to support emergency call or public safety related service without negative impact if there is a proper cell. Then, the gNB keeps achieving network power saving and the UEs are provided with emergency call service in the target cell without impact to the emergency call. Referring to the objectives in the WID, inter-node information exchange on cell DTX/DRX is considered. Therefore, it can be considered to handover the UEs to a proper cell, for example, a cell where cell DTX/DRX is not activated. Furthermore, gNB can configure a UE such that the UE performs handover to a cell when an emergency call is triggered. 
Observation 3. gNB loses the opportunity of network power saving if Cell DTX/DRX is deactivated for no impact to the emergency call.
Observation 4. gNB can be aware of which neighbour cell is proper for emergency call services if inter-node information exchange on cell DTX/DRX is considered.
Proposal 7. Support that a UE performs handover to a cell available for emergency call when an emergency call arrives during non-active period of Cell DTX/DRX.

3.	Conclusion
This document discusses DTX/DRX mechanism for NES.
Proposal 1. The configuration of cell DTX/DRX is per MAC entity.
Proposal 2. The common start offset is applied to cell DTX and cell DRX.
Proposal 3. Cell DTX/DRX is immediately activated when cell DTX/DRX is configured (Alt-1).
Proposal 4. Cell DTX/DRX with multiple configurations is not supported.
Observation 1. If high priority traffic is periodic or frequent, cell DTX/DRX pattern can be configured with a proper periodicity to serve the high priority traffic.
Observation 2. If high priority traffic is intermittent or infrequent, the arrival of high priority traffic can be informed by RA procedure. It is noted that RA procedure can be performed during non-active period of cell DTX/DRX.
Proposal 5. Configuring per SR configuration with whether SR can be transmitted during Cell DRX non-active period is not supported.
Proposal 6. gNB transmits dynamic grants and dynamic assignment during the remaining non-active period after successful completion of RA procedure, and the UE monitors PDCCH according to C-DRX during the remaining non-active period after successful completion of RA procedure.
Observation 3. gNB loses the opportunity of network power saving if Cell DTX/DRX is deactivated for no impact to the emergency call.
Observation 4. gNB can be aware of which neighbour cell is proper for emergency call services if inter-node information exchange on cell DTX/DRX is considered.
Proposal 7. Support that a UE performs handover to a cell available for emergency call when an emergency call arrives during non-active period of Cell DTX/DRX.
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