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In current NR deployments, it’s found that some gNBs implement a form of UL pre-scheduling when the UE is provided with intensive dynamic grants even if the UE has not indicated that there is UL data to send. This is done to address latency-sensitive applications such as gaming, by avoiding the delays associated with SR and BSR. This operation results in a waste of UL resources when there is no data to send, and also significantly increases UE power consumption as it extends the UE’s DRX active time. 
In this paper, we discuss two enhancements to optimise the usage of such UL pre-scheduling operation to cases when it’s required, and to limit its impact on UE power consumption.

Discussion  
UE assistance information on the need for UL prescheduling
Normally, the UE has to send an SR (scheduling request) to request UL grant for data transmission before an UL grant is provided to the UE. The typical SR configuration has a periodicity of 20ms. For delay sensitive traffic (e.g. gaming), such SR latencies cannot meet its QoS requirement and results in a bad user experience. To counter this, it is observed that in current NR networks, most vendors provide dynamic UL grants unconditionally. This kind of pre-scheduling helps to increase UL throughput and reduce data latency in some cases.
However, pre-scheduling comes at the cost of UL resource usage efficiency and results in an increase in UE power consumption. While pre-scheduling is a good idea, it doesn’t always need to be enabled. For delay sensitive applications (e.g. AR/VR, gaming), it is quite useful. In other cases (e.g. instant message), there are limited benefits, along with significant side effects on power consumption and resource efficiency. 
The UE is aware of the kind of application that is currently running, and this information can be provided to the network to aid its determination of whether UL pre-scheduling is required or not. For example, it can ask the network to turn on pre-scheduling if the user opens a gaming application. It can later ask the network to turn off pre-scheduling if no application is running. We propose to add such an indicator in assistance information in Rel-17. Note that an alternative of pre-scheduling of dynamic grant is to use configured grant (CG), for which such an indication could also be used as a reference to enable/disable CG.
Proposal 1: Introduce assistance information to indicate that whether current UE application requires low latency transmissions. The network may use this information to turn on/off pre-scheduling or configured grant. 
This new indicator should follow the same design principles as current UE assistance information
· Whether to send this assistance information could be enabled or disabled by the network
· The NW behaviour following the reception of this assistance information is left to NW implementation 
· How to determine the UE preference is left to UE implementation  
· (Once enabled) The UE shall update the assistance information if its preference has changed. A prohibit timer could be used to avoid frequent updates
Details could be discussed once RAN2 agreed to pursue this proposal.

DRX operation with UL prescheduling
This issue was discussed as part of TEI discussions in Rel-16. In RAN2#113 meeting, the enhanced operation on DRX inactivity timer was proposed in [1], and the relevant text proposal from that contribution is provided in the Appendix of this document. The idea here is that if the UE receives a dynamic grant for new transmission but has no UL data to transmit, the UE need not (re)start the DRX Inactivity timer for the dynamic grant.
The proposal was not pursued in Rel-16 due to a lack of support. The main concerns expressed by companies are as follows (captured from the discussion paper [2]):
· Reason 1: Don't think it is critical, more an optimization
· Reason 2: Smart gNB implementation can avoid the issue of excessive UL grants
· Reason 3: Don’t want such functional change in late R16 discussion
· Reason 4: Complicates UE and NW implementation
· Reason 5: Increase the risk of DRX misalignment between UE and gNB
To address reasons 1 and 2, we find that UL prescheduling/intensive dynamic grants can be quite commonly seen in existing deployments. Due to overprovisioning, a lot of these grants go unused and results in excessive power consumption. The primary reason for excessive power consumption in this scenario is that the UE is unable to go to sleep when it has no more data to transmit. We see it as important to find a balance between latency performance and power consumption. Thus, a solution to address this issue is not an optimization, but a critical enhancement based on observations from existing deployments.
Observation 1: Enhanced DRX inactivity timer operation is required to address power consumption issues experienced in the real world.
Proposal 2: RAN2 supports enhanced DRX inactivity timer operation to reduce power consumption when UE has no UL data to transmit. 
To address reason 3, we are now early in the TEI Rel-17 schedule, and it is an appropriate time to have this discussion.
On reason 4, we agree that an enhanced DRX inactivity timer operation would slightly increase UE and NW implementation complexity. The proposal here is that a UE would not restart the inactivity timer for a received PDCCH if it decides to skip the UL grant indicated by the PDCCH. The implementation complexity is therefore limited to MAC, where a dependency is introduced between the DRX inactivity timer and whether UL dynamic grants are skipped. 
To address reason 5, it’s also true that the DRX inactivity timer between the UE and the gNB may be out of sync if the gNB misdetects whether the UE skipped an UL grant or not. In RAN2, we can consider methods to avoid such situations, e.g. by allowing the UE to only apply this feature when the false alarm rate of UL skipping is very low (e.g. UE is in cell centre).
Observation 2: When discussing enhanced DRX inactivity timer operation for power saving, UE implementation complexity, and timer sync issues between the UE and gNB should be considered. 
Proposal 3: RAN2 to consider implementation complexity and timer sync issues when discussing candidate solutions. 
Proposal 4: RAN2 to take the proposed DRX inactivity timer operation in [1] as baseline for this discussion. 

[bookmark: _Toc50537932]Summary and Proposal
Based on discussion above, we have the following observations and proposals:
Proposal 1: Introduce assistance information to indicate that whether current UE application requires low latency transmissions. The network may use this information to turn on/off pre-scheduling or configured grant. 
Observation 1: Enhanced DRX inactivity timer operation is required to address power consumption issues experienced in the real world.
Proposal 2: RAN2 supports enhanced DRX inactivity timer operation to reduce power consumption when UE has no UL data to transmit. 
Observation 2: When discussing enhanced DRX inactivity timer operation for power saving, UE implementation complexity, and timer sync issues between the UE and gNB should be considered. 
Proposal 3: RAN2 to consider implementation complexity and timer sync issues when discussing candidate solutions. 
Proposal 4: RAN2 to take the proposed DRX inactivity timer operation in [1] as baseline for this discussion. 
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5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
NOTE 1:	If Sidelink resource allocation mode 1 is configured by RRC, a DRX functionality is not configured.
RRC controls DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;
-	ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;
-	ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-	ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started.
Serving Cells of a MAC entity may be configured by RRC in two DRX groups with separate DRX parameters. When RRC does not configure a secondary DRX group, there is only one DRX group and all Serving Cells belong to that one DRX group. When two DRX groups are configured, each Serving Cell is uniquely assigned to either of the two groups. The DRX parameters that are separately configured for each DRX group are: drx-onDurationTimer, drx-InactivityTimer. The DRX parameters that are common to the DRX groups are: drx-SlotOffset, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL, drx-LongCycleStartOffset, drx-ShortCycle (optional), drx-ShortCycleTimer (optional), drx-HARQ-RTT-TimerDL, and drx-HARQ-RTT-TimerUL.
When a DRX cycle is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
[bookmark: _Hlk49354090]2>	stop drx-onDurationTimer for each DRX group;
2>	stop drx-InactivityTimer for each DRX group.
1>	if drx-InactivityTimer for a DRX group expires:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for this DRX group in the first symbol after the expiry of drx-InactivityTimer;
3>	use the Short DRX cycle for this DRX group.
2>	else:
3>	use the Long DRX cycle for this DRX group.
1>	if a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for each DRX group in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX cycle for each DRX group.
2>	else:
3>	use the Long DRX cycle for each DRX group.
1>	if drx-ShortCycleTimer for a DRX group expires:
2>	use the Long DRX cycle for this DRX group.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer for each DRX group;
2>	use the Long DRX cycle for each DRX group.
1>	if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or within BWP switching interruption length, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
NOTE 2:	In case of unaligned SFN across carriers in a cell group, the SFN of the SpCell is used to calculate the DRX duration.
1>	if a DRX group is in Active Time:
2>	monitor the PDCCH on the Serving Cells in this DRX group as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
NOTE 3:	When HARQ feedback is postponed by PDSCH-to-HARQ_feedback timing indicating a non-numerical k1 value, as specified in TS 38.213 [6], the corresponding transmission opportunity to send the DL HARQ feedback is indicated in a later PDCCH requesting the HARQ-ACK feedback.
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
3>	if the PDSCH-to-HARQ_feedback timing indicate a non-numerical k1 value as specified in TS 38.213 [6]:
4>	start the drx-RetransmissionTimerDL in the first symbol after the PDSCH transmission for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new DL transmission (DL or UL) on a Serving Cell in this DRX group:
3>	start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH reception.
2>	if the PDCCH indicates a new UL transmission on a Serving Cell in this DRX group:
3> if skipMAC-TimerRestart is configured with value FALSE; or
3> if the MAC entity generates a MAC PDU for the corresponding uplink grant according to clause 5.4.3.1.3, and this MAC PDU includes at least one MAC SDU:
4>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
2>	if a HARQ process receives downlink feedback information and acknowledgement is indicated:
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3; and
1>	if the current symbol n occurs within drx-onDurationTimer duration; and
1>	if drx-onDurationTimer associated with the current DRX cycle is not started as specified in this clause:
2>	if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];
3>	not report semi-persistent CSI configured on PUSCH;
3>	if ps-TransmitPeriodicL1-RSRP is not configured with value true:
4>	not report periodic CSI that is L1-RSRP on PUCCH.
3>	if ps-TransmitOtherPeriodicCSI is not configured with value true:
4>	not report periodic CSI that is not L1-RSRP on PUCCH.
1>	else:
2>	in current symbol n, if a DRX group would not be in Active Time considering grants/assignments scheduled on Serving Cell(s) in this DRX group and DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7] in this DRX group;
3>	not report CSI on PUCCH and semi-persistent CSI configured on PUSCH in this DRX group.
2>	if CSI masking (csi-Mask) is setup by upper layers:
3>	in current symbol n, if drx-onDurationTimer of a DRX group would not be running considering grants/assignments scheduled on Serving Cell(s) in this DRX group and DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause; and
4>	not report CSI on PUCCH in this DRX group.
NOTE 4:	If a UE multiplexes a CSI configured on PUCCH with other overlapping UCI(s) according to the procedure specified in TS 38.213 [6] clause 9.2.5 and this CSI multiplexed with other UCI(s) would be reported on a PUCCH resource outside DRX Active Time of the DRX group in which this PUCCH is configured, it is up to UE implementation whether to report this CSI multiplexed with other UCI(s).
Regardless of whether the MAC entity is monitoring PDCCH or not on the Serving Cells in a DRX group, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] on the Serving Cells in the DRX group when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).




