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Introduction
During the last RAN2 meetings, DRX was discussed and reached many agreements. But there are still two leftover issues that need to be discussed, as listed below:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]How to calculate the onDurationTimer start time for short and long DRX?
· UL HARQ RTT timer is started after PUSCH transmission.  Whether it is the last PUSCH transmission of a bundle?
Discussion
onDurationTimer start time calculation
In legacy LTE, the calculation of the onDurationTimer start time for short and long DRX is as below:
	-	If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or
-	if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:
-	if NB-IoT:
-	if neither HARQ RTT Timer nor UL HARQ RTT Timer is running, start onDurationTimer.
-	else:
-	start onDurationTimer.


For NR, smaller granularity than 1 ms was considered for the values of the drx-onDurationTimer for short and long DRX. As we proposed in Question 2 of [1], 1/32ms can be used as the granularity (matching the smallest slot duration).
In addition, in order to distribute the onDuration period of different UEs, drxStartOffset can also be introduced for NR, as also discussed in Question 6 of [1], and for which the same 1/32ms granularity as for the drx-onDurationTimer should be selected. With this assumption, it is clear that the start time of the drx-onDurationTimer must be determined based on 1/32ms granularity. Since this corresponds to the minimum slot length across all supported numerologies, we refer to this time unit as the “smallestSlotPeriod” which UE will count over one subframe in the variable “smallest slot number”. The legacy calculation of the onDurationTimer start time is then updated as follows:
	-      If the Short DRX Cycle is used and [(SFN * 10 * 32) + (subframe number)*32 + smallest slot number] modulo (shortDRX-Cycle * 32) = (drxStartOffset) modulo (shortDRX-Cycle * 32); or
-	if the Long DRX Cycle is used and [(SFN * 10* 32) + (subframe number)*32 + smallest slot number] modulo (longDRX-Cycle * 32) = drxStartOffset:
-	start onDurationTimer.
Note:  smallest slot length=1/32ms



Proposal 1: Suggest using the above formulas to calculate the start time of the drx-onDurationTimer of long and short DRX cycle.
UL HARQ RTT timer handling for bundle transmission
For non-bundle PUSCH transmission, the start of the UL HARQ RTT timer was clearly addressed in Proposal 8 of the email discussion #42 “NR-UNIT replacement”, where the resulting TP is as follows:
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 corresponding PUSCH transmission;

However, for the bundle PUSCH transmission, when to start the UL HARQ RTT timer, i.e. on the first or last PUSCH transmission of the bundle depends on whether early termination of PUSCH transmission of a bundle is possible. This would be the case e.g. if the network can decode the PUSCH transmission before receiving all repetitions, e.g., after the first PUSCH transmission. RAN1 made the following agreements on early termination on RAN1#88 meeting:
	1. For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
0. If an UL grant is successfully received for a slot/mini-slot for the same TB
0. FFS: How to determine the grant is for the same TB
0. FFS: An acknowledgement/indication of successful receiving of that TB from gNB
0. The number of repetitions for that TB reaches K
0. FFS: Whether it is possible to determine if the grant is for the same TB
0. Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
0. Note that other termination condition of repetition may apply


From the above, it looks already possible that gNB implementation supports sending early HARQ feedback before all K repetitions have been sent. This makes sense because if a UE’s TB is successfully decoded before all K repetitions have been received, early termination with a HARQ acknowledgement (e.g., using PDCCH for UL scheduling) from the gNB is beneficial, so that the UE doesn’t keep transmitting and can avoid the power wasting and as well as reducing the interfering to other UEs. In order to support the early termination of a bundle, the UE may expect to receive a gNB feedback as soon as for the 1st transmission, in which case, it is clear that the UL HARQ RTT timer should be started immediately after the first PUSCH transmission. 
Proposal 2: UL HARQ RTT timer can be started after the first PUSCH transmission of a bundle.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Suggest using the above formulas to calculate the start time of the drx-onDurationTimer of long and short DRX cycle.
Proposal 2: UL HARQ RTT timer can be started after the first PUSCH transmission of a bundle.
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