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1	Introduction
So far 2-step Random Access (RA) interaction with C-DRX has not been discussed.
In this contribution, a few necessary updates for the current design are proposed to align the behaviour with 4-step RA.
2	2-step CFRA and Active Time
In 4-step CFRA, the following is specified as Active Time in TS 38.321 after UE received a Random Access Response (RAR):
	[bookmark: _Toc29239849][bookmark: _Toc37296208]5.7	Discontinuous Reception (DRX)
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) 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 clause 5.1.4).



This is done so as to be able to provide UE with necessary (re-)transmission UL grants/DL assignments by the NW given the RAR grant scheduled by RA-RNTI will not start the DRX timers and the UE would not enter Active Time based on those and consequently would not be monitoring PDCCH.
Observation 1: In 4-step CFRA, the UE enters Active Time after it receives RAR in response to CFRA preamble transmission to enable NW to provide UE with possible (re-)transmission UL grants/DL assignments.
For 2-step CFRA, when the NW receives the preamble but cannot decode the MsgA, the NW may respond with fallbackRAR and complete the RA procedure for the UE – the UE will then re-transmit the MSGA payload in the UL grant provided in the fallbackRAR. However, also for this case, no DRX timers will be triggered since MSGB-RNTI is used to schedule the fallbackRAR. In case the DRX timers are not running upon receiving the fallbackRAR scheduled by MSGB-RNTI, the NW cannot schedule (re-)transmission UL grants/DL assignments to the UE until the next on-duration occasion. Hence, the same behaviour as specified for 4-step CFRA, should be applied for 2-step CFRA. This can be achieved by including the reference to clause 5.1.4a in the above section.
Proposal 1: For 2-step CFRA, the Active Time includes the time while a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a fallback Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preambles.
3	2-step RA contention resolution and Active Time
In 4-step CBRA, the Active Time includes the time while the contention resolution timer is running as specified in TS 38.321 after the UE transmitted Msg3 in the Random Access Procedure:
	5.7	Discontinuous Reception (DRX)
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in clause 5.1.5) 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 clause 5.1.4).



Given that the contention resolution is successful by decoding a PDCCH transmission addressed to C-RNTI (SpCell BFR and PDCCH order) or by decoding a PDCCH transmission addressed to C-RNTI containing a UL grant for a new transmission (other cases), the RA procedure is completed while the associated PDSCH or PUSCH might not be successfully decoded or transmitted by the UE, respectively. Hence, to enable NW to provide UE with (re-)transmission UL grants/DL assignments, the ra-ContentionResolutionTimer, while running, is considered as Active Time so that the PDCCH transmission addressed to C-RNTI (which completes the RA procedure) triggers the DRX timers (HARQ RTT UL/DL timer and/or inactivity timer).
If this was not done, the Scheduling Request procedure via RA would not work well as the NW could not provide UE with UL grants (other than the grant with contention resolution scheduling) until the next on-duration occasion. Naturally, the same applies for PDCCH order CBRA case where NW intends to schedule in DL. Furthermore, also for SpCell BFR, the PDSCH scheduled by the PDCCH used for contention resolution could fail and the UE would not know the new TCI states the NW attempted to schedule in the PDSCH – NW would have to wait for the next on-duration occasion upon which it could only schedule a re-transmission.
Observation 2: In 4-step CBRA, the UE enters Active Time while the ra-ContentionResolutionTimer is running to enable NW to provide UE with possible (re-)transmission grants/assignments by triggering the DRX timers with the contention resolution scheduling.
For 2-step CBRA, although there is no contention resolution timer as such, the issue is the same with the msgB-ResponseWindow which is used for contention resolution in 2-step RA. In case the UE (in RRC_CONNECTED) transmitted MSGA and there is no DRX timers running while the msgB-ResponseWindow is running, the response scheduled by PDCCH addressed to C-RNTI would not trigger DRX timers (since the UE is not in Active Time) and, hence, NW would not be able to provide UE with subsequent (re-)transmission UL grants/DL assignments before the next on-duration occasion. Similarly to 4-step CBRA, such behaviour would lead to quite inefficient Scheduling Request and UL/DL data transmission procedures, as well as could delay the BFR procedure quite significantly.
Hence, to align the 2-step CBRA design with 4-step CBRA, the msgB-ResponseWindow, while running, should be considered as Active Time. It should be noted that during ra-ResponseWindow in case of 4-step RA, the UE monitors C-RNTI for RAR only in case of SpCell BFR with CFRA preamble transmitted in which case the UE enters to Active Time after receiving the RAR (as explained in section 2); thus, the ra-ResponseWindow was never needed to be considered as Active Time.
Proposal 2: For 2-step RA, the Active Time includes the time while the msgB-ResponseWindow is running.
Proposal 3: Agree on the TP provided in Annex.
3	Conclusion
In this contribution, the 2-step RA interaction with C-DRX was discussed. The following was observed and proposed:
Observation 1: In 4-step CFRA, the UE enters Active Time after it receives RAR in response to CFRA preamble transmission to enable NW to provide UE with possible (re-)transmission UL grants/DL assignments.
Proposal 1: For 2-step CFRA, the Active Time includes the time while a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a fallback Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preambles.
Observation 2: In 4-step CBRA, the UE enters Active Time while the ra-ContentionResolutionTimer is running to enable NW to provide UE with possible (re-)transmission grants/assignments by triggering the DRX timers with the contention resolution scheduling.
Proposal 2: For 2-step RA, the Active Time includes the time while the msgB-ResponseWindow is running.
Annex: TP into TS 38.321
First Modified Subclause
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, and TPC-SRS-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].
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-Periodic_CSI_Transmit (optional): the configuration to report periodic CSI 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 L1-RSRP report(s) during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started.
When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL 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 clause 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:
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:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle):
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	if DCP is configured for the active DL BWP:
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
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 after drx-SlotOffset from the beginning of the subframe.
NOTE 1:	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 the MAC entity is in Active Time:
2>	monitor the PDCCH 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, regardless of LBT failure indication from lower layers;
NOTE 2:	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, regardless of LBT failure indication from lower layers;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
1>	if DCP is configured for the active DL BWP; 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; and
1>	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:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];
2>	not report semi-persistent CSI configured on PUSCH;
2>	if ps-Periodic_CSI_Transmit is not configured with value true:
3>	if ps-TransmitPeriodicL1-RSRP is not configured with value true:
4>	not report periodic CSI on PUCCH.
3>	else:
4>	not report periodic CSI on PUCCH, except L1-RSRP report(s).
1>	else:
2>	in current symbol n, 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 CSI on PUCCH and semi-persistent CSI configured on PUSCH.
2>	if CSI masking (csi-Mask) is setup by upper layers:
3>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/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:
4>	not report CSI on PUCCH.
NOTE 3:	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, 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, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] 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).
End of Modified Subclause

