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Introduction
In RAN2#101 meeting, conclusion was reached regarding the UL/DL HARQ RTT timer and configured scheduling:
Agreements 
=>	When DRX is configured, the UL HARQ RTT timer is started regardless of whether the MAC entity is in active time.  Working assumption for DL HARQ RTT

In this contribution, we revisit the working assumption regarding DL HARQ RTT timer. 
Discussion
In LTE, for SPS, DL HARQ RTT Timer is only started if the MAC entity is in Active Time, as in TS 36.321 section 5.7:
	-	during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, and if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception, and for NB-IoT if the subframe is not required for uplink transmission or downlink reception other than on PDCCH; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for at least one serving cell not configured with schedulingCellId [8] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or
-	during the Active Time, for a subframe other than a PDCCH-subframe and for a UE not capable of simultaneous reception and transmission in the aggregated cells, if the subframe is a downlink subframe indicated by a valid eIMTA L1 signalling for the SpCell and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception:
-	monitor the PDCCH;
-	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:
-	if the UE is an NB-IoT UE, a BL UE or a UE in enhanced coverage:
-	start the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception;
-	else:
-	start the HARQ RTT Timer for the corresponding HARQ process;



In NR, same behavior is defined for DL, as in TS 38.321 section 5.7:
	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.



In NR, during the discussion in RAN2#101 meeting, it seems that the main motivation to change the LTE behavior is as follows:
- The additional support of smaller periodicities for configured scheduling, therefore the periodicity of configured scheduling can be different from DRX cycle.
- In CA, configured scheduling can be configured for each cell, Therefore there could be multiple configurations for configured scheduling active simultaneously in one MAC entity.
However the first reason is not applicable for DL SPS. The reason is that the minimum period for DL SPS is still 10 ms (same as LTE), as in TS 38.331 below:
	SPS-Config ::= 							SEQUENCE {
	periodicity								ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,	spare6, spare5, spare4, spare3, spare2, spare1},
	nrofHARQ-Processes						INTEGER (1..8),
	n1PUCCH-AN								PUCCH-ResourceId														OPTIONAL	-- Need M
}



For DRX, the periodicity in NR is as follows according to TS 38.331:
	[bookmark: _GoBack]DRX-Config ::=						SEQUENCE {
	…
	drx-LongCycleStartOffset		CHOICE {
		ms10							INTEGER(0..9),
		ms20							INTEGER(0..19),
		ms32							INTEGER(0..31),
		ms40							INTEGER(0..39),
		ms60							INTEGER(0..59),
		ms64							INTEGER(0..63),
		ms70							INTEGER(0..69),
		ms80							INTEGER(0..79),
		ms128						INTEGER(0..127),
		ms160						INTEGER(0..159),
		ms256						INTEGER(0..255),
		ms320						INTEGER(0..319),
		ms512						INTEGER(0..511),
		ms640						INTEGER(0..639),
		ms1024						INTEGER(0..1023),
		ms1280						INTEGER(0..1279),
		ms2048						INTEGER(0..2047),
		ms2560						INTEGER(0..2559),
		ms5120						INTEGER(0..5119),
		ms10240						INTEGER(0..10239)
	},
	…
}



It can be seen that the periodicity of DL SPS and DRX are aligned. Therefore there is no motivation that the onDurationTimer of DRX is not aligned with the DL SPS configuration.

[bookmark: Obs_Min]Observation 1: In NR, the minimum period for DL SPS is 10 ms, which is aligned with the DRX configuration. With the existing periodicity of DL SPS and DRX cycle, it is always possible to align DL SPS with DRX onDurationTimer.
This issue was actually discussed in RAN2 before for LTE, and following is the related Chairman notes.
	R2-091481	Consideration of DRX and SPS Alignment	RIM	Disc
-	Panasonic think the benefit of proposal 2 is not clear from power consumption point of view. RIM think eNB can still send the deactivation during the on duration.
-	Ericsson could not identify anything that it broken. Prefer to do nothing, even add a note is not needed.
-	CATT understand the benefit is in lower false alarm and think RAN1 understanding that false alarm is low enough.
-	Nokia also agree that proposal 3 is not a good way forward at this time but think a note (proposal 1) could be a way forward at this time.
-	Panasonic think that even if the configured DL assignment is not part of active time the UE does receive it. Samsung agree and think the only question is when UE looks at PDCCH.
-	Nokia think even if UE wakes up to receive configured DL assignment then UE will not start retransmission timer.
-	Samsung agree that current spec seems to say that UE does not process configured DL assignment when outside active time, but this was not intended to impact SPS.
-	Motorola it is also written that in 5.7 UE monitors that the UE is allowed to monitor in other intervals than active time.
-	Ericsson agree with Samsung. And UE is always allowed to monitor outside active time. Ericsson agree that highlighted text suggests this there is not real problem in practice because eNB will align the on duration.
-	Panasonic think it should be clear what UE is required to do even if it is allowed to do more. Sunplus shares Nokia view that UE only monitors PDCCH during active time. NSN agree and point out that 'monitor PDCCH' only relates to active time and random access.
-	Samsung ask if for UL case the UE processes configured grants outside active time. Nokia think DL and UL have the same behaviour. Samsung ask if UL grant or UL grant reception is in active time. Nokia respond that UL grant reception should be in active time is there is such an UL grant.
-	Ericsson surprised by the understanding that UL grants are only during active. UE will process configured UL grants outside of active time, monitor PDCCH for potential adaptive retransmission 'outside of active time'  but not monitor PDCCH for new transmission. Motorola does not fully agree with this as the potential retransmission is defined as part of active time.
-	Panasonic clarify for LD UE will not monitor for potential retransmission if configured assignment is outside active time.
-	Samsung agree if is most efficient to align active time and DRX on duration, but DRX could come before the SPS activation. NSN think it works fine if DRX and SPS are aligned. What we have now is enough.
-	Samsung think the intended behaviour is not clear. NSN don't care about the UE behaviour as the eNB will anyway align SPS and DRX. Ericsson agree with NSN. Ericsson think it does not matter if the UE processes the grant outside of the active time as eNB will not used this.
-	Ericsson think that for DL outside active time the UE behaviour is not specified (i.e. UE is not mandated to receive the PDCCH or process the configured DL assignment but an implementation may choose to do so). Ericsson desired behaviour is that UE would monitor configured DL assignment also outside active time but would not push for it for release 8. Nortel would support this even for release 8
=>	Common RAN2 understanding: For UL case the behaviour is clear in spec today
=>	Common RAN2 understanding: For DL outside active time and other mandated PDCCH monitoring (e.g. random access ) the UE behaviour is not specified (i.e. UE is not mandated to receive the PDCCH or process the configured DL assignment but an implementation may choose to do so)
=>	No need to change spec.



It can be seen that in LTE RAN2 understanding (highlighted above) is that UE behaviour for DL SPS outside active time is not specified.
[bookmark: Obs_LTE]Observation 2: In LTE, the common understanding in RAN2 is that for DL outside active time and other mandated PDCCH monitoring (e.g. random access ) the UE behaviour is not specified (i.e. UE is not mandated to receive the PDCCH or process the configured DL assignment but an implementation may choose to do so).
Another aspect is that there could be multiple DL SPS configurations per MAC entity. From UE power consumption perspective, if DRX is configured, it would be beneficial to align the SPS configurations in the onDurationTimer. This is also the principle adopted in DC (both in LTE and NR) that even for two independent MAC entity case, it is desirable to align the DRX configurations to achieve maximum power saving. Therefore it is natural that for the single MAC entity case, it is preferred to have aligned configurations between SPS and DRX. In addition, there is no difficulty to align SPS configurations on different serving cells. In theory, if there are multiple DL SPS configured with different periodicities due to traffic characteristics, it is possible that there is no single DRX cycle to align them. For example, if DL SPS #1 has periodicity of 10ms, DL SPS #2 has periodicity of 32ms, then there is no DRX cycle that always align the assignments of these two DL SPS configurations. However, in actual deployment, it is very unlikely to have such situation and there is no need to optimize specification for such corner cases.
[bookmark: Obs_CA]Observation 3: Even in CA case, it is preferable to align SPS configurations with DRX.
It is obvious that misaligned configuration between DL SPS and DRX causes additional UE power consumption without clear benefit. The reason is that with such misaligned configuration, UE should be active during both DRX onDurationTimer (and other timers which are part of Active Time) as well as SPS initial and retransmissions (according to the working assumption). On the other hand, if the DL SPS and DRX configurations are aligned, maximal UE power saving can be achieved without impact on scheduling flexibility.
[bookmark: Obs_Power]Observation 4: Misaligned configuration between DL SPS and DRX causes additional UE power consumption.
Considering above discussion, it is clear that there is no new use cases for DL SPS that requires changes to the current behavior about DL SPS and DRX. Therefore, changes to existing LTE behavior (as used in NR) is not necessary. 
Originally in NR email discussion [100#23][NR UP/MAC] – TP on SPS/GF, the captured behavior for DL SPS is the same as LTE, i.e. UE only receives configured DL assignment when UE monitors PDCCH, as in R2-1714058:
	When the MAC entity has a C-RNTI, Temporary C-RNTI or CS-RNTI, the MAC entity shall for each 'NR-UNIT' during which it monitors PDCCH and for each Serving Cell:
…
1> else, if a downlink assignment for this PDSCH duration has been configured for this Serving Cell:
2>	instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;
2>	set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2>	consider the NDI bit to have been toggled;
2>	indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity. 



Later, when merging R2-1714058 into TS 38.321 in email discussion [100#20][NR UP/MAC] 38.321, based on comment received in RAN2 email reflector, rapporteur made the change in r13 version of the running TS, and the resulting UE behavior is different from LTE in the way that UE needs to process configured downlink assignment even if MAC entity is not in Active Time. The related specification text (as in latest TS 38.321) is as follows:
	For each Serving Cell and each configured downlink assignment, if configured and activated, the MAC entity shall:
1>	if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a downlink assignment received on the PDCCH for this Serving Cell:
2>	instruct the physical layer to receive, in this PDSCH duration, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;
2>	set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2>	consider the NDI bit to have been toggled;
2>	indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity.



One unexpected consequence of above change is that the UE behavior for DL SPS and DRX is changed compared to LTE, as UE needs to receive configured downlink assignment even when the MAC entity is not required to monitor PDCCH. In addition, the condition “if the PDSCH duration of the configured downlink assignment does not overlap with the PDSCH duration of a downlink assignment received on the PDCCH for this Serving Cell” implies that UE needs to monitor PDCCH for dynamic grant to check for collision, therefore configured downlink assignment is only processed when the MAC entity monitors PDCCH, as in LTE behavior. Therefore it is proposed to follow LTE on how to handle the configured downlink assignment. In LTE principle, if DRX is not configured, or if DRX is configured and the MAC entity is in Active Time, then configured downlink assignment is received. 
[bookmark: Proposal_Ini]Proposal 1: As in LTE, configured downlink assignment is only received when the MAC entity is required to monitor PDCCH.
In addition, it is proposed to keep LTE behavior for DL HARQ RTT timer.
[bookmark: Proposal]Proposal 2: As in LTE, for DL SPS, DL HARQ RTT Timer is only started when the configured DL assignment is in Active Time. There is no specification change required.
Conclusion
In this contribution, we discuss the working assumption regarding DL HARQ RTT timer. We have the following observations:
Observation 1: In NR, the minimum period for DL SPS is 10 ms, which is aligned with the DRX configuration. With the existing periodicity of DL SPS and DRX cycle, it is always possible to align DL SPS with DRX onDurationTimer.
Observation 2: In LTE, the common understanding in RAN2 is that for DL outside active time and other mandated PDCCH monitoring (e.g. random access ) the UE behaviour is not specified (i.e. UE is not mandated to receive the PDCCH or process the configured DL assignment but an implementation may choose to do so).
Observation 3: Even in CA case, it is preferable to align SPS configurations with DRX.
Observation 4: Misaligned configuration between DL SPS and DRX causes additional UE power consumption. 
We propose the following:
Proposal 1: As in LTE, configured downlink assignment is only received when the MAC entity is required to monitor PDCCH.
Proposal 2: As in LTE, for DL SPS, DL HARQ RTT Timer is only started when the configured DL assignment is in Active Time. There is no specification change required.
The corresponding CR to TS 38.321 implementing Proposal 1 is is provided in R2-1809777 [1].
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