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Introduction
In TS 36.321 for LTE, DRX timers are mainly configured and described by the use of subframes or PDCCH subframes. In NR, the DRX functionality in TS 38.321 and TS 38.331, are mainly configured by using an absolute time unit of milliseconds. The use of milliseconds for DRX configurations and the fact that NR can configure different slot lengths have given rise to some discussion whether or not some of the DRX timers will expire during the monitoring of PDCCH in a slot, i.e., during a CORESET. 
At RAN2#101 it was agreed that:
Agreements:
-	The UE is not required to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the timer start or expires in the middle of a PDCCH monitoring occasion). 
-	a table with DRX timers (description, unit, stop, and start) is added as informative text in an Annex  

Even though the first agreement clarifies some UE behavior there is still a risk for ambiguity periods between UE and gNB which depends on when certain DRX timers are started and stopped. This document aims to remove some of these ambiguities by proposing a table to the annex as informative text to TS 38.321.
[bookmark: _Ref178064866]Discussion
In LTE DRX-timers were in general started and stopped at the subframe boundary to ensure a deterministic behavior on when the UE is active as seen from the network. With the current specification TS 38.321 and agreements from the meeting [RAN2#101], the UE is allowed to start its DRX timers in the middle of a slot and it is stated:
1>	if the MAC entity is in Active Time:
	…
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer.
I.e. it is not clear when the timer shall be started. Should it be started at a specific symbol or at specific slot? This could cause ambiguities between the network and UE towards the end of a DRX timer whether the UE is in Active Time or not, causing a non-deterministic behavior for certain scenarios depending on when the timer is started. 
Even if current agreement is kept, RAN2 still need to decide on which symbol the timer should be started to avoid ambiguities due to processing times, CORESET allocation and UE implementation. Since there is no gain in allowing the timers to start in the middle of a slot we would like to revisit the agreement from last meeting and instead discuss the need to have an agreement on when to start the DRX timers.
[image: ]
Figure 1 Ambiguities on in what slot and/or symbol the DRX timers should be started
The drx-InactivityTimer
The drx-InactivityTimer in NR is configured by the use of an absolute time unit of milliseconds with minimum resolution being 1ms. If the UE start the timer in the middle of a slot, the network can never be sure on the UE behavior in the last slot of an drx-InactivityTimer period. Is the UE reachable? Or, if the last slot coincide with e.g. periodic CQI reporting, will something be sent?
Even if the UE starts its DRX timers at a slot boundary, the current spec still give rise to ambiguities since some UE might start the timer at the beginning of a slot and some UEs might start the timer at the end of a slot giving rise to the same ambiguities and non-deterministic behavior as for starting the timers in the middle of a slot. 
Since the decoding time can be different for different UEs, the start/restart of the drx-InactivityTimer when decoding the DCI with NDI indicating new data can be different, imposing an ambiguity on symbol level whether or not the UE is in active time or not. Even though it is agreed that the UE does not need to monitor the PDCCH if the monitoring time does not allow to monitor a complete CORSET, we should aim to avoid this from happening to the highest possible extent.
[bookmark: _Toc510524286][bookmark: _Toc510653302]Current specification 38.321 allows for a non-deterministic DRX framework 
If the drx-InactivityTimer is started at a slot boundary it will also expire at a slot boundary and incomplete monitoring of a CORESETs can be avoided, see Figure 2. 
The slot lengths related to the agreed numerologies in NR are 1ms, 1/2ms, 1/4ms, 1/8ms, 1/16ms and 1/32ms. Therefore, regardless of slot length used, since the drx-InactivityTimer can only be configured with an integer number of milliseconds, if started at a slot boundary, it will expire at a slot boundary.
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[bookmark: _Ref509999785]Figure 2 Relation between slot and drx-InactivityTimer durations
[bookmark: _Toc510524287][bookmark: _Toc510653303]drx-InactivityTimer started at a slot boundary will expire at a slot boundary
In this sense, the drx-InactivityTimer can be configured as defined in the NR TS 38.331 and used as described in TS 38.321 without causing the timer to expire while monitoring the PDCCH and removing possible ambiguities. 
If the DCI is received in slot n, we propose to start the drx-InactivityTimer at the slot boundary between slot n and n+1, see Figure 3 and text proposal below. This is very much the same as in LTE and agreeing this would result in a wanted deterministic behavior and the network would know the UE behavior at the end of the drx-InactivityTimer, If slot boundary level can not be agreed, then symbol boundary level should be discussed but this is a more complex solution which also could cause the timer to expire in the middle of o CORESET.
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[bookmark: _Ref506214594]Figure 3 Start of drx-InactivityTimer
[bookmark: _Toc506223066][bookmark: _Toc506224592][bookmark: _Toc506475426][bookmark: _Toc506484241][bookmark: _Toc510003505][bookmark: _Toc510524178][bookmark: _Toc510524187][bookmark: _Toc510653316][bookmark: _Toc503302949][bookmark: _Toc503364673][bookmark: _Toc505340735][bookmark: _Toc505636935]Regarding the drx-InactivityTimer, if DCI is received in slot n, the MAC entity monitors the PDCCH for Z ms during the slots [n+1, n+m].
The onDuration timer
When the drx-InactivityTimer has expired and the UE is configured with short DRX, the UE will start the onDuration period by using the equation:
[(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle)

The equation is based on the SFN and subframe number. The UE will, as in LTE, only check for equality of this equation once per subframe and could start the onDurationTimer at the beginning of the first slot in the subframe unless a slot offset is configured, then the UE will delay the start of the onDuration accordingly.
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Figure 4 Start of onDuration at slot n
The similar is also valid for Long DRX.
To avoid the same ambiguities as for the drx-InactivityTimer and the non-deterministic behavior, an agreement should be made on when to start the drx-onDurationTimer
Since the configurations of the onDurationTimer allows for values less than 1ms it would be possible to configure the timer with a value less than the slot length used and therefore having the timer expiring in the middle of a slot and possibly in the middle of a CORESET. This configuration should however very much be avoided and gives no gain since the UE would not be able to decode the PDSCH during this slot if so indicated by the DCI.
[bookmark: _Toc510524288][bookmark: _Toc510653304]The onDurationTimer in NR with proper configuration, and if started at the slot boundary, would also expire at the slot boundary and ambiguities can be avoided.
The equation for the start of the onDuration is checked at every subframe and it make sense to start the timer at the first possible slot where the equation and slotOffset is fulfilled.
[bookmark: _Toc506223067][bookmark: _Toc506224593][bookmark: _Toc506475427][bookmark: _Toc506484242][bookmark: _Toc510003506][bookmark: _Toc510524179][bookmark: _Toc510524188][bookmark: _Toc510653317]Start the onDurationTimer at the slot boundary at the beginning of slot n fulfilling the onDuration equations and the slotOffset.
UL/DL HARQ RTT and retransmission timers
[bookmark: _Toc481674498]The start of the UL and DL HARQ RTT is described in the specifications for NR. In TS 38.321 it says:
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;
and:
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;
For a configuration using transmissions with non-slot based scheduling the HARQ RTT might be started in the middle of a slot. This could result in that the end of the HARQ RTT will be in the middle of a slot without consideration to the configured CORESET. This could then cause the retransmission timer, having its duration configured by the use of slots, to be started and expired in the middle of the configured CORESET resulting in a non-decodable DCI for that CORESET.
Therefore, with less careful configuration, it is possible that the HARQ RTT will expire in the middle of a CORESET forcing the retransmission timers to be started and stopped in the middle of a CORESET, preventing the UE from acquiring a DCI at these occasions causing ambiguity between the gNB and UE. Carefully configuration of the HARQ RTT in a “correct” number of symbols could resolve the problem by always use a number of symbols so that the HARQ RTT expires at a slot boundary. 
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Figure 5 HARQ RTT expiry within a CORESET. This an example of a bad configuration.
Any configuration of the HARQ RTT resulting in the expiry at a non-slot boundary could result in that the retransmission timers starts and stops in the middle of a slot and could result in non-decodable CORESETs.
[bookmark: _Toc510524289][bookmark: _Toc510653305]The UL/DL HARQ RTT should be carefully configured in NR to avoid any ambiguity on when the UE can decode its CORESET correctly.
Even if the UL/DL HARQ RTT is carefully configured as the text describes in TS 38.321, a text in the Annex should be added to clarify that the HARQ RTT should be configured so that this ambiguity is avoided to highest possible extent, and on which symbol to start the timer since this also could affect the start of the DRX retransmission timers.
[bookmark: _Toc506223068][bookmark: _Toc506224594][bookmark: _Toc506475428][bookmark: _Toc506484243][bookmark: _Toc510003507][bookmark: _Toc510524180][bookmark: _Toc510524189][bookmark: _Toc510653318]Add text to an Annex of TS 38.321 to clarify the configuration of UL/DL HARQ RTT at a symbol level.
[bookmark: _Toc506475429][bookmark: _Toc506484244][bookmark: _Toc510003508][bookmark: _Toc510524181][bookmark: _Toc510524190][bookmark: _Toc510653319]Adopt text proposal below.
There is a corresponding CR in [3].
Conclusion
We have the following observations:
Observation 1	Current specification 38.321 allows for a non-deterministic DRX framework
Observation 2	drx-InactivityTimer started at a slot boundary will expire at a slot boundary
Observation 3	The onDurationTimer in NR with proper configuration, and if started at the slot boundary, would also expire at the slot boundary and ambiguities can be avoided.
Observation 4	The UL/DL HARQ RTT should be carefully configured in NR to avoid any ambiguity on when the UE can decode its CORESET correctly.

We have the following proposals:
Proposal 1	Regarding the drx-InactivityTimer, if DCI is received in slot n, the MAC entity monitors the PDCCH for Z ms during the slots [n+1, n+m].
Proposal 2	Start the onDurationTimer at the slot boundary at the beginning of slot n fulfilling the onDuration equations and the slotOffset.
Proposal 3	Add text to an Annex of TS 38.321 to clarify the configuration of UL/DL HARQ RTT at a symbol level.
Proposal 4	Adopt text proposal below.
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