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Introduction
The UE behaviors during the DRX ambiguous period have been discussed in LTE for a long time. The same issue also exists in NR DRX. In this contribution, we analyze this issue in detail and give our preferences. 
Discussion
Before the end of Active Time, if there is UL or DL scheduling, UE needs some time to process the scheduling, hence UE is ambiguous whether it should remain in Active Time or not during the period from the end of Active Time to the time it completes the processing of the scheduling. Note that for a DL assignment, the ambiguous period not only includes the PDCCH processing time, but also the corresponding PDSCH processing time since the PDSCH may include a DRX Command MAC CE requesting the UE to perform long and short DRX cycle change which may also impact the Active Time, hence the DRX MAC CE decoding adds up as well. This is the DRX ambiguous period as shown in Figure-1.




Figure-1 Illustration of the DRX ambiguous period

In legacy LTE, 5ms is used as the maximum DRX ambiguous period. It is calculated based on 3ms PDCCH/PDSCH processing time in physical layer and 2ms DRX MAC CE processing time in MAC layer. The corresponding description is as below:
	[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK24]-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.
-	if CQI masking (cqi-Mask) is setup by upper layers:
-	in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.
-	else:
-	in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.



According to the above LTE description, it is observed that when defining the UE behaviors on the CQI/PMI/RI/PTI/CRI and type 0 SRS reporting, 5ms ambiguous period is considered. And the UE behavior during the ambiguous period is not specified. In NR, if UL or DL scheduling is received at the end of Active Time, it also costs some time for at least PDCCH decoding, and PDSCH/MAC CE decoding. Hence when defining the UE behavior on CQI/PMI/RI and type 0 SRS reporting on PUCCH, the ambiguity period should also be considered.
Proposal 1: When defining the UE behavior on CQI/PMI/RI and type 0 SRS reporting on PUCCH, the ambiguity period should also be considered in NR.
If Proposal 1 is agreed, we need to decide what the maximum ambiguous period in NR is. Considering either the PDCCH indicates a new transmission for DL or UL, the drx-InactivityTimer should be started or restarted. Hence the maximum ambiguous period for NR should be studied for DL and UL individually:
For DL, different from LTE, in NR, the PDCCH and scheduled PDSCH may be in different slots. Because of this, one may consider that from the time the UE completes the PDCCH decoding to the time that the UE actually receives the assigned PDSCH (up to 32 slots away considering the BWP switching case, see below), there is no ambiguity anymore if the drx-InactivityTimer is always running. But in fact  the length of the drx-InactivityTimer may be short and expire before receiving the PDSCH, in which case UE is again in an ambiguous state with respect to DRX. Therefore we think it is simpler to include the time between the PDCCH reception and the PDSCH reception in the ambiguous period rather than considering two disjoint ambiguous periods. Hence the DRX ambiguous period will include the following three parts. And the maximum DRX ambiguous period for DL equals to T1+T2+T3:
· The time between the PDCCH reception and the PDSCH reception (T1)
· The PDSCH processing time (T2)
· The MAC CE processing time (T3)
For UL, the DRX ambiguous period will include only the time for the PDCCH processing (T4).
It is obvious that the maximum DRX ambiguous period caused by UL scheduling is only part of T1. Hence it can be concluded that the maximum DRX ambiguous period for UE equals to the maximum ambiguous period of DL, that is:
The maximum ambiguous period = maximum T1+ maximumT2+ maximumT3. 

T1 and T2 should be decided by RAN1 and T3 should be decided by RAN2. Regarding T1 and T2, RAN1 made the following agreements:
	Agreements (RAN1 NR AH#1): 
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values [this is K0]
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values [this is K2]
· The set of values is configured by higher layer 
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values [this is K1]
· The set of values is configured by higher layer 

	Agreements (RAN1 NR Ad Hoc #1801):
· The list of values for K0 which can be configured by RRC should be updated to {0,1,2,3,4,5,8,10,16,20,32}. 
· The list of values for K2 which can be configured by RRC should be updated to {0,1,2,3,4,5,6,7,8,10,16,20,32}.

	TS36.214  section 5.3
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	No additional PDSCH DM-RS configured
	Additional PDSCH DM-RS configured

	0
	[2.5 - 4]
	[12]

	1
	[2.5 - 6]
	[12]





Based on RAN1 agreements and specification, it is obvious that:
· T1 is equal to K0. And the maximum T1 value is 32 slots, that is 448 (448=14*32) symbols. The maximum value of T1 is very big because it has considered the time caused by BWP switching.
· T2 is equal to the PDSCH processing time. And the maximum value is 24 symbols.
· T3 can be taken as 28 symbols, as in LTE.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: The ambiguous period in NR should be equal to the sum of the following parts:
· The maximum time between the PDCCH reception and the PDSCH reception, that is 448 symbols.
· The maximum PDSCH processing time, that is 24 symbols.
· The MAC CE processing time, that is 28 symbols.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: When defining the UE behavior on CQI/PMI/RI and type 0 SRS reporting on PUCCH, the ambiguity period should also be considered in NR.
Proposal 2: The ambiguous period in NR should be equal to the sum of the following parts:
· The maximum time between the PDCCH reception and the PDSCH reception, that is 448 symbols.
· The maximum PDSCH processing time, that is 24 symbols.
· The MAC CE processing time, that is 28 symbols.

Text proposal to 38.321
[bookmark: _Toc502437820]               5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. 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. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
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 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 an drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerULfor 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 or if a UL grant has been configured:
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>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including symbol n-500 when evaluating all DRX Active Time conditions as specified in this subclause, not report CQI/PMI/RI on PUCCH;
2>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including symbol n-500 when evaluating all DRX Active Time conditions as specified in this subclause, not transmit type-0-triggered SRS defined in TS 38.214 [7].
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.
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