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Introduction
CR Rapporteurs listed the open issues to progress the completion of Rel-18  NES work, in this contribution we will discuss the following open issues：
· [bookmark: _Hlk146663152]Cell DTX/DRX activation/deactivation related issues
· Configuration granularity
· Default state when cell DTX/DRX configured
· Multiple configurations of cell DTX/DRX
· SR transmission
· Timers affected by cell DTX/DRX
· Relationship of cell DTX and cell DRX
[bookmark: _Hlk110416859]Discussion
[bookmark: _Hlk146461535]Configuration and activation/deactivation related issues
[bookmark: _Hlk146665385]Configuration granularity
In last meeting, RAN2 agreed that cell DTX/DRX can be activated per cell [1], while the configuration granularity of cell DTX/DRX is per cell or per MAC entity is not decided. Though it is configured per MAC entity, it’s easy for UE implementation, it may introduce more restriction to network configuration, since configurations for the reception of PDCCH and SPS, and transmission of SR and CG are configured per cell. Therefore, we prefer to configure cell DTX/DRX per cell, and this aligns with the cell DTX/DRX activation/deactivation granularity.
Proposal 1: Cell DTX/DRX can be configured per cell.
Default state when cell DTX/DRX configured
In the beginning of NES discussion, it was agreed that 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.[2], in other words, the default state is cell DTX/DRX is immediately activated. During the discussion, there’s the other alternative as the default state is cell DTX/DRX is not activated immediately, and cell DTX/DRX will be activated later via L1 common signalling. In our view, it’s beneficial to network’s energy saving, if the default state is that cell DTX/DRX is immediately activated. It’s because, with this interpretation, UE will transmit or receive data according to the cell DTX/DRX configuration, and since UE is NES or cell DTX/DRX supporting, the data transmission or reception with cell DTX/DRX is acceptable to the UE.
Proposal 2: The default state when cell DTX/DRX is configured to UE is activated.
There’s a related issue for cell DTX/DRX activation/deactivation: whether L1 common signalling is delivered only when the state of cell DTX/DRX is changed. If L1 common signalling is delivered only when the when the state of cell DTX/DRX is changed, in case the cell DTX/DRX is deactivated, while the UE is configured with cell DTX/DRX considering the default state is activated, and L1 common signalling is not send, UE will follow the cell DTX/DRX pattern for a long time, but with this option, the energy saving gain can be the best in terms of the power consumption of activation/deactivation signalling. Considering this work item focus on network energy saving, L1 common signalling is delivered only when the state of cell DTX/DRX is changed.
Proposal 3: L1 common signalling is delivered only when the state of cell DTX/DRX is changed to avoid extra power consumption for activation/deactivation signalling delivery.
Multiple configurations of cell DTX/DRX
Besides, another issue for basic cell DTX/DRX design is whether to support multiple cell DRX/DTX configurations. The motivation of supporting multiple cell DTX/DRX configurations is for the adaptation of the dynamic traffic changes, for a better power saving gain. To support multiple cell DRX/DTX configurations, multiple configurations may be provided to the UE, while from UE point of view, only one cell DRX/DTX configuration is running at a time. But it should be noticed that, with multiple cell DTX/DRX configuration, the signalling overhead may be increased. Therefore, RAN2 should discuss the maximum number of cell DTX/DRX configuration taken the potential signalling overhead into consideration, if multiple configurations is supported.
Proposal 4: Multiple configurations of cell DTX/DRX can be supported.
Proposal 5: When discussing the  maximum number of cell DTX/DRX configuration, considering the potential signalling overhead into consideration, if multiple configurations is supported.
SR transmission
In RAN2#121bis meeting, the gNB and UE behaviour during the non-active period of cell DTX/DRX were discussed, and there’s no consensus on whether SR can be transmitted during Cell DRX non-active period to support high priority traffic. 
SR is used for requesting UL-SCH resources for new transmission for an RRC_CONNECTED UE. The MAC entity may be configured with zero, one, or more SR configurations, and each SR configuration corresponds to one or more logical channels, which may have different logical channel priorities. And it’s spontaneous to configure logical channels with same or similar priority to the same SR configuration. Based on the QoS requirements of the logical channel associated with the SR and its priority, gNB decides the scheduling priority and allocates suitable UL resources for the UE.
Observation 1: One SR configuration may be associated with high priority logical channel(s).
Observation 2: Based on the QoS requirements of the logical channel associated with the SR and its priority, gNB decides the scheduling priority and allocates suitable UL resources for the UE.
It cannot be excluded that within a cell supporting NES, there’s some UEs having traffic with high priority. Though the cell DTX/DRX applying may considered the traffic load status, the uplink traffic cannot be predicted in some case, and SR may be transmitted.
Observation 3: There could be uplink high priority traffic when cell DTX/DRX is applied.
The ideal case is that SR is transmitted during the cell DTX active period, but it should be noticed that the PUCCH resource for SR transmission is a periodical resource, and the maximum periodicity of SR resource is 80ms (taking SCS=15kHz as an example, the maximum periodicity is sl80, that is 80ms.) Though not all SR resources will be used, to support high priority traffic and assure SR is in the Cell DTX active period, the maximum periodicity of Cell DTX may be configured as 80ms to align with SR. However, the motivation of cell DTX/DRX is to provide more opportunity for the cell to “sleep”, and the maximum periodicity with 80ms is not suitable. In other words, to assure SR of high priority traffic falling into the Cell DRX active period will cause the deterioration of network energy saving gain.
Observation 4：Since the SR resource periodicity is limited, with approach of assuring SR of high priority traffic falling into the Cell DRX active period will cause the deterioration of network energy saving gain.
One reason of not supporting SR transmission during non-active period of Cell DTX is to maximize the network energy saving gain, but it should not be achieved by sacrificing the UE experience. Besides, other common signalling is transmitted/received by the gNB, such as SIB, paging and RACH. That means the cell is not really in “sleeping” mode and signalling with necessity can be transmitted during non-active period of Cell DTX/DRX.
Based on the discussion above, we propose that traffic with high priority can transmit SR during the non-active period of Cell DTX/DRX. In this way, gNB may have more flexibility to do the trade-off between high priority traffic assurance and network power saving gain.
Proposal 6: Traffic with high priority can transmit SR during the non-active period of Cell DTX/DRX.
Timers affected by cell DTX/DRX
With introducing of cell DTX/DRX, UE need to suspend some data/signalling’s transmission and reception when the gNB enters cell DTX/DRX non-active period, and some timers may be affected.
[bookmark: _Hlk146701624]sr-ProhibitTimer, sr-TransMax and SR_COUNTER are configured per SR configuration [3]. And we a SR is triggered, sr-ProhibitTimer is started, and during the sr-ProhibitTimer running, there’s no new SR transmission. Once SR_COUNTER= sr-TransMax, UE will initiate a Random Access procedure
	4>	if SR_COUNTER < sr-TransMax:
5>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
5>	if LBT failure indication is not received from lower layers:
6>	increment SR_COUNTER by 1;
6>	start the sr-ProhibitTimer.
5>	else if lbt-FailureRecoveryConfig is not configured:
6>	increment SR_COUNTER by 1.
4>	else:
5>	notify RRC to release PUCCH for all Serving Cells;
5>	notify RRC to release SRS for all Serving Cells;
5>	clear any configured downlink assignments and uplink grants;
5>	clear any PUSCH resources for semi-persistent CSI reporting;
5>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel all pending SRs.


When it comes to cell DTX/DRX configured, there’re two cases needing further discussion:
Case 1: one SR_COUNTER reaches sr-TransMax-1 at/near the end of the cell’s active period and the UE does not receive the gNB’s scheduling until sr-ProhibitTimer runs out, due to the cell enters non-active period. Based on the current spec design, UE may initiate RACH procedure during the non-active period when the sr-ProhibitTimer runs out, and as we agreed, RACH procedure is not affected by cell DTX/DRX. However, the gNB may scheduling the UE in the next active period, therefore, the RACH should be avoided.
Case 2: UE’s sr-ProhibitTimer is overlapping with active period and non-active period, for example, the SR is transmitted near the end of the active period, and the sr-ProhibitTimer’s end time is in the non-active period, and SR_COUNTER is creased, which may also cause the unnecessary RACH procedure like in Case 1. In our view, for this case, the sr-ProhibitTime can be suspended and re-start when the cell enters active-peirod.


Figure 1
In the cases mentioned above, it’s beneficial to stop the sr-ProhibitTimer when it falls into the non-active period of cell DTX/DRX.
Proposal 7: For SR transmission, the following two cases can be further discussed whether to stop/suspend sr-ProhibitTimer when it falls into the non-active period of cell DTX/DRX:
Case 1: one SR_COUNTER reaches sr-TransMax-1 at/near the end of the cell’s active period and the UE does not receive the gNB’s scheduling due to the cell enters non-active period.
Case 2: UE’s sr-ProhibitTimer is overlapping with active period and non-active period.
Similar discussion may be applied to other timers, such as drx-InactivityTimer and bwp-InactivityTimer, it can be suspended if it does not expire when the cell DTX/DRX enters non-active period.
Proposal 8: drx-InactivityTimer or bwp-InactivityTimer can be suspended if it does not expire when the cell DTX/DRX enters non-active period.
Relationship of cell DTX and cell DRX
Whether standalone cell DRX is needed
In last meeting, RAN2 agreed that Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX), but it’s not clear whether cell DRX can be configured without cell DTX.
According to TR38.864, the power consumption of downlink is much higher than uplink, therefore, cell DTX may bring more power saving gains than cell DRX.
As shown in Figure 2, when only cell DTX is configured, gNB will keep reception all the time, while the DL transmission of most signals/channels can be omitted during non-active duration. So, the power saving gain mainly comes from reducing active downlink transmission.
When only cell DRX is configured, PDCCH scheduling for DL can happen all the time, and gNB needs to keep the DL transmission such as periodic signals/channels. The power saving gain comes from non-active time for gNB to stop reception. This may be useful for use cases that most traffic for UEs is downlink. However, the channel and HARQ feedback may be impacted, also the uplink SRS may also be impacted, as a result, the downlink transmission efficiency will decrease.
Therefore, we think standalone cell DRX is not needed.
[image: ]
Figure 2 configuration of cell DTX/DRX
Proposal 9: Standalone cell DRX is not needed, cell DRX should be configured with cell DTX.
Whether the start offset (and slot offset) configuration should be the same for cell DTX and cell DRX
If cell DTX and cell DRX are configured together, cell DTX configuration and cell DRX configuration can share the same value of parameters as much as possible, such as start offset, slot offset and periodicity, for simplicity.
Proposal 10: The same parameter values, such as start offset, slot offset and periodicity, can be the same for cell DTX and cell DRX.
Conclusions
In this contribution, we analyse the open issues related to cell DTX/DRX, following are our observations and proposals.
Observations:
Observation 1: One SR configuration may be associated with high priority logical channel(s).
Observation 2: Based on the QoS requirements of the logical channel associated with the SR and its priority, gNB decides the scheduling priority and allocates suitable UL resources for the UE.
Observation 3: There could be uplink high priority traffic when cell DTX/DRX is applied.
Observation 4：Since the SR resource periodicity is limited, with approach of assuring SR of high priority traffic falling into the Cell DRX active period will cause the deterioration of network energy saving gain.
Proposals:
Proposal 1: Cell DTX/DRX can be configured per cell.
Proposal 2: The default state when cell DTX/DRX is configured to UE is activated.
Proposal 3: L1 common signalling is delivered only when the state of cell DTX/DRX is changed to avoid extra power consumption for activation/deactivation signalling delivery.
Proposal 4: Multiple configurations of cell DTX/DRX can be supported.
Proposal 5: When discussing the  maximum number of cell DTX/DRX configuration, considering the potential signalling overhead into consideration, if multiple configurations is supported.
Proposal 6: Traffic with high priority can transmit SR during the non-active period of Cell DTX/DRX.
Proposal 7: For SR transmission, the following two cases can be further discussed whether to stop/suspend sr-ProhibitTimer when it falls into the non-active period of cell DTX/DRX:
Case 1: one SR_COUNTER reaches sr-TransMax-1 at/near the end of the cell’s active period and the UE does not receive the gNB’s scheduling due to the cell enters non-active period.
Case 2: UE’s sr-ProhibitTimer is overlapping with active period and non-active period.
Proposal 8: drx-InactivityTimer or bwp-InactivityTimer can be suspended if it does not expire when the cell DTX/DRX enters non-active period.
Proposal 9: Standalone cell DRX is not needed, cell DRX should be configured with cell DTX.
Proposal 10: The same parameter values, such as start offset, slot offset and periodicity, can be the same for cell DTX and cell DRX.
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