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1. Introduction
In last RAN2#99 meeting, agreements are reached on DRX in NR. In this contribution, further considerations are provided based on the agreements so far [1].
Agreements:
1.	The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms.  The values are FFS.
2.	The long and short DRX cycles should be in ms.  
3.	FFS if HARQ RTT can or should be derived from dynamically signalled K parameters over DCI or if HARQ RTT is configured by RRC 
4.	HARQ RTT and DL/UL retransmission timers are dependent on numerology of corresponding scheduled transmission (FFS whether it is PDCCH/PUSCH/PDSCH).  The actual unit is FFS (e.g. PDCCH monitoring occasions, number of slots/PDCCH slots, ms (last resort), etc.)
5.     As in LTE, include functionality related to the MAC CEs DRX Command and Long DRX Command

2. Discussion
Issue 1. RTT timer
The first issue is about “if HARQ RTT can or should be derived from dynamically signaled K parameters over DCI or if HARQ RTT is configured by RRC”. 
How the HARQ RTT timer is defined depends on the start condition of RTT timer. And two RAN1 progresses should be taken into account. One is the dynamically scheduled K parameters on HARQ timing over DCI for UL/DL scheduling. Another is that K repetition can be configured for both UL and DL transmission. Following figure 1 shows the transmission timing of DL and UL HARQ transmission. In this example, K repetition is configured for both DL and UL transmission.


Figure 1: HARQ timing indication in DCI for UL/DL scheduling with K repetition

There are several options to define start point of HARQ DL RTT timer and correspondingly the RTT timer values. Following table 1and figure 2 shows these options.


Figure 2: options of DL RTT timer start point and values

Table 1: summary of DL RTT timer options
	Option#
	Start point
	RTT timer value

	option1
	When the DL assignment is received
	K0+K1+delta

	option2
	the first transmission of K repetitions
	K1+delta

	option3
	the last transmission of K repetitions
	K1 – duration of K repetition + delta

	option4
	ACK/NACK occasion
	delta



In LTE, the RTT timer is defined as “the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the MAC entity” [4]. To our understanding, the purpose to specify RTT timer is to provide a timing reference for starting retransmission timer. All these 4 options are workable for this purpose.
Further, in LTE, one of the conditions to start DL retransmission timers is the corresponding DL transmission is not successful. In other words, if DL transmission is successful, DL retransmission timer will NOT be started, and the corresponding DL RTT timer is also meaningless. Then, it is better to postpone the starting of DL RTT timer until UE can decide whether this DL transmission is successful, i.e. either option3 or option4 is preferred for this reason.
For both of option3 and option4, the value of delta is the time gap between the occasion for ACK/NAC and retransmission, i.e. the actual round trip time. Since the timing of ACK/NACK is already indicated in DCI, option4 is more straight-forward than option3.
Proposal 1: In NR, DL RTT timer is started from the occasion for ACK/NACK if corresponding DL transmission is NOT successful. The RTT timer value is delta which is configured by RRC message.

For UL HARQ RTT timer, one more situation should be taken into consideration. According to current RAN1 progress, it is possible that there is an ACK before UE finish the K repetition of PUSCH transmission. We can call it a "stop indicator". Then there are 2 cases according to whether "stop indicator" is used:
Case 1: If there is such “stop indication” during the K repetition of PUSCH transmission, UE should start to monitor PDCCH delta time later than the first transmission.
Case 2: If there is no such stop indicator, UE starts to monitor PDCCH for retransmission UL grant delta time later than the last transmission of K repetitions to save UE power.
As for the start condition of UL RTT timer for case 1, it is preferred to start UL RTT timer from the first transmission of K repetitions. As for the start condition of UL RTT timer for case 2, to start UL RTT timer from the last transmission of K repetition is also more straight-forward, i.e. without involve K parameters in the RTT timer value, and this is aligned to RTT timer start condition for asynchronous HARQ operation in LTE.


Figure 3. Illustration of UL RTT timer and timer values
Proposal 2: In NR, UL RTT timer starts from the first UL transmission of K repetition if there is “stop indicator”, and starts from the last UL transmission of K repetition if there is no “stop indictor”. The UL RTT timer value is delta which is configured by RRC message.

Another issue on RTT timer is to configure it as a common value for all numerologies or separate values for each numerology.
Because RTT timer and UL RTT timer will impact scheduling for retransmission and then throughput, it needs to be considered carefully on this issue. It depends on the difference of processing delay among different numerology and the scheduling level (slot level or mini-slot level). The process delay on gNB side includes:
· For DL, processing of NACK and retransmission scheduling. This delay differs from numerology to numerology due to different slot duration.
· For UL, processing of received data and retransmission scheduling. This delay also differs from numerology to numerology due to different slot duration and different data processing delay.
· Processing delay in DL and UL are different due to different processing.
· Transportation delay between remote radio unit (RRU) and base band unit (BBU). This delay could be as large as hundreds of micro seconds and is the same between UL and DL and among numerologies and scheduling levels.
Based on the considerations above, we can conclude that different RTT timer values should be configured for DL and UL separately. And different values should be configured for different numerologies for fine granularity.
On the other hand, separate configuration for RTT timers brings additional signaling overhead. As a compromise, to configure RTT timer value as a common value of slot numbers for all numerologies can reduce the signaling overhead and the actual value of RTT timer still differs from numerology to numerology because of the different slot durations of different numerologies if the processing delay is proportional to slot duration.
Proposal 3: RAN2 to discuss whether RTT timer values are configured individually for each numerology or common DL RTT timer/UL RTT Timer value are configured for all numerologies.

Issue 2. Unit of retransmission timer
According to RAN1 progresses [2], RAN1 has not concluded whether different transmission attempts of a single TB could mix the two types of the scheduling related to slot boundary.
Following are copied here for reference:
For DL HARQ scheduling:
· The (Re-)transmission durations of a given TB may in some cases not be the same
· As indicated in another LS to RAN2 [R1-1712005], “A UE can be configured to monitor for PDCCH candidates more frequently than once per slot and support data transmissions covering only part of a slot”, however, RAN1 has not concluded whether different transmission attempts of a single TB could mix the two types of the scheduling related to slot boundary.
For UL HARQ scheduling:
· 	The retransmissions can occupy a different frequency allocation than the initial transmission within one UL carrier (Note that this is supported in LTE)
· RAN1 has not concluded whether different transmission attempts of a single TB could mix the two types of the scheduling related to slot boundary.

According to the current situation, we cannot determine which PDCCH occasions/CORSETs will be used for HARQ retransmission scheduling, i.e. all configured PDCCH occasions may be candidate for retransmission scheduling. Further, according to the analysis by contribution in last RAN2 meeting [3], CORSET configured for a UE may be overlapped in time domain. Thus, it is difficult to count PDCCH occasion numbers as retransmission timer unit.

Then, we have 2 options of retransmission timer unit. 
· Option 1: absolute time, in mini-second.
· Option 2: number of slot configured with PDCCH occasion.
For option 1, in order to achieve similar scheduling chances among numerologies, different values will be configured for different numerologies. Further, the PDCCH occasion is not necessarily configured for every slot. Network has to configure a big enough value to ensure in the worst case UE has required chances to be scheduled. 
On the contrary, option 2 is comparatively simpler to achieve similar if not same scheduling chances among different numerologies and from scheduling to scheduling.
Proposal 4: To configure retransmission timer as number of slots within which at least one PDCCH occasion is configured for the UE.

Issue 3. PDCCH monitoring behavior
For drx-InactivityTimer, it is stated or restated from the subframe when PDCCH indicates a new transmission (UL, DL, or SL). Although in NR K repetition is introduced for both uplink and downlink transmission, the LTE approach can be reused for NR because a new transmission grant/assignment indicating there is possibly more new data to be transmitted.
Proposal 5: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission as in LTE.

It is agreed there is only one DRX configuration per MAC entity for all numerologies. That means DRX cycle and onduration configuration are aligned among carriers and numerologies.
However, when inactivity timer is running, there are 2 options on how UE monitor PDCCH.
Option1: UE monitors PDCCH occasions only on the carrier and numerology on which the inactivity timer is triggered. 
Option2: UE monitors PDCCH occasions on all configured carriers and numerologies.
Option 2 provides flexibility on scheduling, i.e. UE can be scheduled on all configured carriers when there are more data during inactivity timer running. To monitor all configured numerologies can also reduce delay when there are incoming data from services which are mapped on other numerologies.
Thus, option 2 is more preferred, i.e. no matter on which numerology PDCCH triggers inactivity timer, UE monitors all numerologies and PDCCH occasions when inactivity timer is running.
Proposal 6: When either inactivity timer or onduration timer is running, UE monitors PDCCH occasions in all configured carriers and numerologies.

According to RAN1 progress [2], for both DL and UL:
· RAN1 has taken the working assumption that in Rel.15 retransmissions of a TB can only take place using the same numerology with which the initial transmission of the TB took place
This working assumption means retransmission can only be performed on the same carrier and same numerology as corresponding initial transmission. Thus when only a retransmission timer is running for a specific HARQ process, UE only needs to monitor the PDCCH occasions on the numerology on which the corresponding HARQ is operating.
Proposal 7: When only retransmission timer is running for a HARQ process, UE monitors PDCCH only in the numerology on which the corresponding HARQ process operates.

3. Conclusions
On the RTT timer and UL RTT timer:
Proposal 1: In NR, DL RTT timer is started from the occasion for ACK/NACK if corresponding DL transmission is NOT successful. The RTT timer value is delta which is configured by RRC message.
Proposal 2: In NR, UL RTT timers start from the first UL transmission of K repetition if there is “stop indicator”, and starts from the last UL transmission of K repetition if there is no “stop indictor”. The UL RTT timer value is delta which is configured by RRC message.
Proposal 3: RAN2 to discuss whether RTT timer values are configured individually for each numerology or common DL RTT timer/UL RTT Timer value is configured for all numerologies.

On the retransmission timer and UL retransmission timer:
Proposal 4: To configure retransmission timer as number of slots within which at least one PDCCH occasion is configured for the UE.

On the inactivity timer and UE monitor PDCCH behavior during active time:
Proposal 5: UE starts or restart drx-InactivityTimer when it receives a PDCCH indicating a new transmission as in LTE.
Proposal 6: When either inactivity timer or onduration timer is running, UE monitors PDCCH occasions in all configured carriers and numerologies.
Proposal 7: When only retransmission timer is running for a HARQ process, UE monitors PDCCH only in the numerology on which the corresponding HARQ process operates.
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