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Introduction
The issue of ambiguous period for UE and eNB during the DRX state change [1] had been discussed well before in LTE in RAN2#79bis. In LTE, this issue was resolved by defining a maximum UE processing time for PDSCH and DRX MAC CE [2]. Since NR allows gNB to configure shorter values of ON duration timer and DRX inactivity timer and the DRX operation is same as LTE, this issue also needs to be addressed in NR. 
In RAN2#101bis meeting, following agreements were made.

Agreements:

· Agree to use the TP in R2-1805572 as a baseline, with the removal of MAC CE, change slot time to absolute time, and leave the actual time FFS.  

· Whether to and how to take into account MAC CE is FFS 

In this contribution, we discuss the details on clarification on UE behavior during the DRX ambiguous period.
Discussion
1.1     Ambiguous period due to DRX MAC CE
In NR, the value of DRX inactivity timer and ON duration timer could be very small (i.e., less than 1 ms) when a UE is configured with DRX. Also the PDCCH and PUSCH/PDSCH may not be scheduled in the same time slot. Therefore the DRX inactivity timer or the ON duration timer could expire before the time when UE finishes processing the PDSCH/PUSCH or DRX MAC CE, if any, and executes the command. For example, when UE (configured to use short DRX) receives a long DRX command MAC CE, the DRX state could be changed. Active Time (i.e., boundary for DRX on duration) may suddenly appear during DRX processing time. 
DRX MAC CE can also suddenly stop the Active Time. In the figure 1, it is possible that DRX inactivity timer is long and UE may report periodic CSI/SRS during the ambiguous period even after receiving the DRX command MAC CE in PDSCH because UE may not complete the processing of DRX command MAC CE. However, gNB may not receive the CSI/SRS transmission. Also, in case the CSI report is multiplexed with HARQ ACK/NACK, gNB may miss the HARQ ACK/NACK. Therefore, it is important to clarify the UE behavior whether UE is required to send the type-0 triggered SRS/ periodic CSI report or not during the ambiguous period.

Observation 1 UE behavior whether to transmit/stop the CSI/SRS transmission is unclear during DRX command MAC CE processing duration.
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Figure 1 DRX ambiguous period due to sudden stop of Active Time
There are two options to resolve the issue 1) define UE behavior during the ambiguous period 2) leave it to UE implementation

Option # 1: Define UE behavior during ambiguous period

Similar to LTE as agreed in [2], maximum time (x ms) to process DRX MAC CE after receiving the PDSCH including DRX MAC CE can be defined. In TS 38.214, it is specified that maximum PDSCH processing time (N1) is 24 symbols. In LTE, the MAC CE processing time was considered to be 2 subframes [3] and in NR, it can be considered to be same. Therefore, the valus of N can defined as

x = N1 + MAC CE processing time ~ 4ms.
If the value of K1 is larger than x ms (i.e., HARQ ACK/NACK is sent after the DRX MAC CE processing), there is no impact to UE as the state would be clear after processing DRX MAC CE. However, gNB may not schedule any UL/DL asignment until it receives HARQ ACK/NACK for DRX command.
Observation 2 DRX MAC CE can be taken into account in the DRX ambiguous period which can be 4 ms long.
Option # 2: Leave it to UE implementation
In the RAN2#101bis, it was discussed whether the DRX MAC CE needs to be taken into account. A concern was that the ambiguous period may become larger considering the DRX MAC CE and from network perspective it is not important issue. Network may not send the DRX command MAC CE if UE’s active time is going to end soon or the the DRX command MAC CE suddenly extends the active with new ON duration boundary. However, DRX MAC CE command can be used to suddenly stop the active time in which case UE would not be able to stop the active time suddenly due to DRX MAC CE processing time. Therefore, a clarification in UE behavior whether or not UE is required to transmit CSI report or SRS or multiplexed CSI report with HARQ ACK/NACK is necessary. This can be left to UE implementation and in case CSI report transmission overlaps with HARQ ACK/NACK, network would require to blindly detect if HARQ ACK/NACK is multiplexed with CSI report.
Observation 3 DRX command MAC CE can be used to suddenly stop the Active Time but UE behavior needs to be clarified in the period when UE remains still active during MAC CE processing.

Observation 4 It can be left to UE implementation whether to transmit the SRS/CSI report during processing time for PDSCH and the DRX MAC CE.

Based on the observation, we propose following

Proposal 1. RAN2 decide one of the following options
Option 1: DRX MAC CE is taken into account in the DRX ambiguous period with length (x) 4 ms.
Option 2: It is up to UE whether to transmit the SRS/CSI report during processing time for PDSCH and the DRX MAC CE. TP is provided in Anex.
Conclusion
In this contribution, we made following observations.

Observation 1 UE behavior whether to transmit/stop the CSI/SRS transmission is unclear during DRX command MAC CE processing duration.
Observation 2 DRX MAC CE can be taken into account in the DRX ambiguous period which can be 4 ms long.
Observation 3 DRX command MAC CE can be used to suddenly stop the Active Time but UE behavior needs to be clarified in the period when UE remains still active during MAC CE processing.
Observation 4 It can be left to UE implementation whether to transmit the SRS/CSI report during processing time for PDSCH and the DRX MAC CE.


Based on the observations, we propose the following:
Proposal 1.
RAN2 decide one of the following options
Option 1: DRX MAC CE is taken into account in the DRX ambiguous period with length (x) 4 ms.
Option 2: It is up to UE whether to transmit the SRS/CSI report during processing time for PDSCH and the DRX MAC CE. TP is provided in Anex.
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Annex: TP
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, CS-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 subclauses of this specification. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously.

RRC controls DRX operation by configuring the following parameters:

-
drx-onDurationTimer: the duration at the beginning of a DRX Cycle;

-
drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;

-
drx-StartOffset: the subframe where the DRX Cycle starts;

-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ 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-LongCycle: the Long DRX cycle;

-
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): 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.

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 subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 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 subclause 5.1.4).

When DRX is configured, the MAC entity shall:

1>
if a MAC PDU is transmitted in a configured uplink grant:

2>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after 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.

1>
if a drx-HARQ-RTT-TimerUL expires:

2>
start the drx-RetransmissionTimerUL for the corresponding HARQ process.

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;

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); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
if drx-SlotOffset is configured:

3>
start drx-onDurationTimer after drx-SlotOffset.

2>
else:

3>
start drx-onDurationTimer.

1>
if the MAC entity is in Active Time:

2>
monitor the PDCCH;

2>
if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding PUCCH transmission;

3>
stop the drx-RetransmissionTimerDL 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 immediately after 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 transmission (DL or UL):

3>
start or restart drx-InactivityTimer.

1>
else (i.e. not part of the Active Time):

2>
not transmit type-0-triggered SRS defined in TS 38.214 [7].

1>
if CQI masking (cqi-Mask) is setup by upper layers:

2>
if drx-onDurationTimer is not running:

3>
not report CSI on PUCCH.
1>
else:

2>
if the MAC entity is not in Active Time:

3>
not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and type-1-triggered SRS defined in TS 38.214 [7] when such is expected.
After Active Time is stopped due to the reception of a DRX Command MAC control element/Long DRX Command MAC control element, the MAC entity may choose to continue transmitting CSI reports on PUCCH and/or SRS for up to 4 ms. 
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or expires in the middle of a PDCCH occasion).
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