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Introduction
This document discusses MAC open issues on Cell DTX/DRX.

Discussion
Unnecessary Random Access Initiation for Emergency Services
In RAN2#124, RAN2 confirmed that UE triggers a random access when an emergency call is initiated during cell DRX non-active period as follows:
	1. Confirm WA emergency call: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period
2. In running MAC CR, capture a NOTE similar to section 5.3.13.2 of TS 38.331 (i.e., “NOTE: How the MAC layer in the UE is aware of an ongoing emergency service is up to UE implementation.”)
3. No need to explicitly specify that the UE keeps monitoring PDCCH for followed transmission after successful completion of RA, i.e., it is left to NW implementation to complete followed transmission (e.g., emergency call) after RA (e.g., initiate followed transmission when the retransmission timer is running)


Based on the agreements above, the MAC specification captures the relevant procedures as follows:
	For each Serving Cell configured with cell DRX, the MAC entity shall:
…
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
…
2>	if an emergency service is initiated by upper layers and this Serving Cell is the SpCell:
3>	initiate a Random Access procedure (as specified in clause 5.1.1).


In DC scenario, a random access is triggered in both MCG and SCG. A question is whether those two random accesses are necessary. We see there are two realistic scenarios of unnecessary random access initiations as follows:
· Case 1) Emergency services usually do not require high-data rate and its dedicated radio bearer may not be pre-allocated. It is likely that the default MCG DRB serves the emergency services and SCG usually dedicated for high-rate broadband services does not serve any emergency services. In this case, random access on PSCell is not only unnecessary but also useless.
· Case 2) When all MCG cells are not configured with Cell DRX, the emergency call can be served by MCG. The random access on PSCell unnecessarily wakes up the SCG cells and increases the network energy consumption.
Thus, the random access on PSCell due to emergency services is useless for most of cases. The current text was made during the CR review phase, so we need some refinements of the current text. One could argue that there are more complicated scenarios of emergency services, so other complicated options may be needed. In our view, the cell restriction to PCell is sufficient for simplicity.
Proposal 1: UE triggers Random Access procedure only on PCell upon an emergency service initiated during the cell DRX non-active period.
The corresponding TP is as follows:
	For each Serving Cell configured with cell DRX, the MAC entity shall:
…
1>	if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
…
2>	if an emergency service is initiated by upper layers and this Serving Cell is the SpCellPCell:
3>	initiate a Random Access procedure (as specified in clause 5.1.1).



Stopping Condition of Random Access due to Successful Emergency Services
The MAC specification [1] has many conditions to stop the ongoing random access procedure when the cause of the random access is eliminated by the data transmission, as follows:
	The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BSR, which was initiated by the MAC entity prior to the MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly; or
-	the UL grant(s) can accommodate all pending data available for transmission.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for SL-BSR, which was initiated by the MAC entity prior to the sidelink MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes an SL-BSR MAC CE which contains buffer status up to (and including) the last event that triggered an SL-BSR (see clause 5.22.1.6) prior to the MAC PDU assembly; or
-	the SL grant(s) can accommodate all pending data available for transmission.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for SL-CSI reporting, which has no valid PUCCH resources configured, if:
-	the SL grant can accommodate SL-CSI reporting MAC CE for transmission.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for SL-DRX command indication, which has no valid PUCCH resources configured, if:
-	the SL grant can accommodate SL-DRX command indication for transmission.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of an SCell, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains a MAC CE for BFR which includes beam failure recovery information of that SCell; or
-	the SCell is deactivated (as specified in clause 5.9) and all triggered BFRs for SCells are cancelled.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of a BFD-RS set of a Serving Cell, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains an Enhanced BFR MAC CE or a Truncated Enhanced BFR MAC CE which includes beam failure recovery information of that BFD-RS set of the Serving Cell.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for consistent LBT failure recovery, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes an LBT failure MAC CE that indicates consistent LBT failure for all the SCells that triggered consistent LBT failure; or
-	all the SCells that triggered consistent LBT failure recovery are deactivated (see clause 5.9).
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for SL consistent LBT failure recovery, which has no valid PUCCH resources configured, if one of the following conditions is met:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes an SL LBT failure MAC CE that indicates SL consistent LBT failure; or
-	all the triggered SL consistent LBT failure recovery are cancelled (see clause 5.31.2).
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for positioning measurement gap activation/deactivation request, which has no valid PUCCH resources configured, if:
-	the Positioning Measurement Gap Activation/Deactivation Request MAC CE that triggers the SR corresponding to the Random Access procedure has already been cancelled.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for Timing Advance report, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a Timing Advance Report MAC CE (see clause 5.4.8).
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for DSR, which has no valid PUCCH resources configured, if:
-	the DSR that triggered the SR has been cancelled (see clause 5.4.9).
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for SL-PRS Resource Request, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a SL-PRS Resource Request MAC CE (see clause 5.22.1.12).


All those conditions support stopping random access for the case that a MAC PDU with the relevant information is transmitted during the ongoing random access. For emergency services, the same principle can be applied, i.e. if all the pending data for the emergency services are transmitted. It is more consistent with the existing conditions. 
Proposal 2: An ongoing RA procedure due to the emergency services may be stopped when all the relevant data for the emergency services are transmitted.
The corresponding TP is as follows:
	The MAC entity may stop an ongoing Random Access procedure which is initiated due to an emergency service when the cell DRX is activated and the serving cell (e.g. SpCell) is not  in the cell DRX Active Period, if:
-          The UL grant(s) can accommodate all pending data available for the emergency services.



Retransmission Timer and PDCCH Monitoring
In RAN2#123, RAN2 agreed PDCCH monitoring when any of DRX retransmission timers are running as follows:
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.
The agreement above is unclear if PDCCH monitoring here considers timer status of the cell or DRX group [2]. The agreement above was made to support HARQ retransmissions and avoid excessive retransmission delay due to Cell DTX. Since NR does not support cross-carrier HARQ retransmission, running retransmission timer of other cell does not enable retransmission in the current cell. Moreover, Cell DTX is per-cell operation. It would be better to have a minimum cross-cell interaction for simplicity of implementation. 
One could argue that gNB may also schedule new transmission during retransmission timer running. However, the timer duration of the retransmission timer is usually very short and aligned to HARQ RTT and transmission timeline of a particular HARQ process ID. Inactivity timer usually controls new transmission timing. Time duration of the inactivity timer is usually much longer than that of retransmission timer, but Cell DTX is not affected by inactivity timer duration. This means that it will be difficult to schedule new transmissions during retransmission timer running. 
Proposal 3: UE monitors PDCCH when drx-RetransmissionTimer on this cell is running.
The corresponding TP is as follows:
	For each Serving Cell configured with cell DTX, the MAC entity shall:
1>	if cell DTX is activated for this Serving Cell:
2>	if [(SFN × 10) + subframe number] modulo (celldtxdrx-Cycle) = (celldtxdrx-StartOffset):
3>	start celldtxdrx-onDurationTimer for this serving cell after celldtxdrx-SlotOffset from the beginning of the subframe.
1>	if cell DTX operation is deactivated for this Serving Cell; or
1>	if the Serving Cell is in the cell DTX Active Period:
2>	monitor PDCCH on this Serving Cell, as specified in TS 38.213 [6] and other clauses of this specification.
1>	if any drx-RetransmissionTimerDL, drx-RetransmissionTimerUL or drx-RetransmissionTimerSL (as described in clause 5.7) is running on any Serving Cell in the DRX group of this Serving Cell; or
1>	if ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
1>	if a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4 or 5.22.1.5); or
1>	if 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):
2>	monitor PDCCH on the Serving Cells in the DRX group of this Serving Cell, as specified in TS 38.213 [6] and other clauses of this specification.



Random Access and Cell DTX
In order to support Random Access procedure during Cell DTX, RAN2 agreed to monitor PDCCH for message reception during the RA procedures as follows:
	RAN2 Agreements
-   UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
-   UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.


PDCCH for MsgB and Msg4 are monitored only on SpCell. UE should monitor PDCCH for MsgB/Msg4 during Cell DTX non-active time of SpCell. Since SCell is not involved in the RA procedure, the UE should not be monitoring PDCCH during Cell DTX non-active time of SCell for MsgB/Msg4.
Proposal 4: 
· While msgB-ResponseWindow/ ra-ContentionResolutionTimer is running, UE monitors PDCCH on SpCell, irrespective of cell DTX active/Inactive Period/ cell DTX configuration of SpCell. 
· Running msgB-ResponseWindow/ ra-ContentionResolutionTimer does not trigger PDCCH monitoring on SCell during Cell DTX non-active time.

Cell DTX/DRX only for sTRP
RAN1 agreed to support Cell DTX/DRX only for sTRP and asked RAN2 to decide whether/how to capture it [3]. The agreement is about NW restriction related to configuration possibility. Either stage-2 specification or RRC specification used to capture similar requirement. We prefer TS 38.300.
Proposal 5. The stage-2 spec captures “Cell DTX/DRX operation is only supported for sTRP.”
The corresponding TP is as follows:
	[bookmark: _Toc155991553]15.4.2.3	Cell DTX/DRX
To facilitate reducing gNB downlink transmission/uplink reception active time, UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell. The cell DTX and cell DRX patterns can be configured and activated separately. A maximum of two cell DTX/DRX patterns can be configured per MAC entity for different serving cells. When cell DTX is configured and activated for the concerned cell, the UE may not monitor PDCCH in selected cases or does not monitor SPS occasions during cell DTX non-active duration. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or does not transmit a SR during cell DRX non-active duration. This feature is only applicable to gNB with a single TRP and UEs in RRC_CONNECTED state and it does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.  Cell DTX/DRX can be activated/deactivated by RRC signalling or L1 group common signalling. Cell DTX/DRX is characterized by the following:
-	active duration: duration that the UE waits for to receive PDCCHs or SPS occasions, and transmit SR or CG. In this duration, the gNB transmission/reception of PDCCH, SPS, SR, CG, periodic and semi-persistent CSI report are not impacted for the purpose of network energy saving;
-	cycle: specifies the periodic repetition of the active-duration followed by a period of non-active duration.
…



Conclusion
RAN2 is requested to discuss and agree to the following proposals:
Proposal 1: UE triggers Random Access procedure only on PCell upon an emergency service initiated during the cell DRX non-active period.
Proposal 2: An ongoing RA procedure due to the emergency services may be stopped when all the relevant data for the emergency services are transmitted.
Proposal 3: UE monitors PDCCH when drx-RetransmissionTimer on this cell is running.
Proposal 4: 
· While msgB-ResponseWindow/ ra-ContentionResolutionTimer is running, UE monitors PDCCH on SpCell, irrespective of cell DTX active/Inactive Period/ cell DTX configuration of SpCell. 
· Running msgB-ResponseWindow/ ra-ContentionResolutionTimer does not trigger PDCCH monitoring on SCell during Cell DTX non-active time.
Proposal 5. The stage-2 spec captures “Cell DTX/DRX operation is only supported for sTRP.”
[bookmark: _GoBack]References
[1] TS 38.321 NR MAC specification v18.0.0
[2] R2-2312224, Remaining issues on Cell DTX/DRX, Nokia
[3] R2-2400014, LS on Cell DTX/DRX operations for sTRP, RAN1

