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Introduction
The DRX framework in LTE is agreed to be used as a baseline in NR and additional agreements providing more details were made in RAN2#98AH. In LTE, asynchronous HARQ is used in downlink but only used for specific services in uplink. In NR, asynchronous HARQ is agreed to be used in both downlink and uplink for all traffic scenarios. The relation between DRX and asynchronous HARQ and the use of HARQ RTT was discussed at RAN2#98AH. It was agreed that: 
Agreements:
1. As a baseline, a single DRX configuration like in LTE will be supported.  
1. The DL and UL HARQ RTT timer are not static values. FFS if the timer is removed or how it is set.   

Later, in RAN2#99, it was further decided:
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

In this document, we discuss the DRX framework for NR when using asynchronous HARQ in both DL and UL and a few other DRX related issues. This document has further been updated with some RAN1 agreements and observations relevant for the HARQ RTT discussion together with a proposal for the ASN.1 encoding for the drx-RetransmissionTimers. 
Discussion
In RAN1-89, there is one agreement regarding K0
· All Rel.15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot. 
[bookmark: _Hlk490204450]In RAN1-AH#2 2017, there are further the following agreements:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
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Figure 1 – Illustration of the HARQ N and K-values
It can be noted that K3 depends on the capabilities of the gNB (receiving the NACK, performing rescheduling, and transmitting a new UL grant). As capabilities of the gNB are not specified, it can be assumed that values of K3 will also not be specified.
With respect to HARQ operation, values of K3 will not be specified.
In the above agreement, it is said that whether the HARQ RTT can or should be derived is for FFS. Since K3 are not likely to be specified, no value of accuracy can be derived without explicit signalling of K3 from the NW. 
Without explicit signalling of K3, HARQ RTT cannot be derived
Operation in uplink
Background
Figure 2 shows the DRX operation example after the UL data transmission with asynchronous HARQ in LTE Release 13. After a UL data transmission using a UL HARQ process, a UL HARQ RTT timer is started for the UL HARQ process. The UE need not monitor the DCI for that UL HARQ process, which means the UE can sleep during the UL HARQ RTT timer if there is no other activity for the UE (e.g. activity on other HARQ processes). When the UL HARQ RTT timer expires, the UE starts drx-ULRetransmissionTimer for the UL HARQ process. When this timer is running, the UE monitors PDCCH for retransmissions. If the UE detects PDCCH when drx-ULRetransmissionTimer is running, the timer is stopped. Otherwise, if the drx-ULRetransmissionTimer expires and if no other DRX timers are running, the UE may stop monitor PDCCH and not be reachable until the next valid onDuration period. The operation in the downlink is quite similar.
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[bookmark: _Ref477881978]Figure 2 DRX operation after the last UL data transmission in LTE
In LTE, the value of the UL HARQ RTT timer is fixed, based on FDD or TDD configuration. This fixed timing relation for the HARQ transmissions impose a delay regardless if downlink or uplink data transmissions are considered and prevents the eNB from quickly, and in a flexible way, schedule a retransmission. 
UL asynchronous HARQ RTT
A timer for the UL HARQ RTT would allow the UE to sleep before the drx-ULRetransmissionTimer is started. However, the UE shall always monitor the PDCCH while the drx-InactivityTimer is running regardless of any HARQ RTTs that might be running. This means that the only time the UL HARQ RTT comes into effect is at the end of a data transmission when retransmissions are needed. I.e. the drx-InactivityTimer must have expired and the last blocks must be erroneous. Then, the UE can stop monitoring the PDCCH for e few ms. 
The only time the UL HARQ RTT comes into effect is when the drx-InactivityTimer have expired and retransmissions are needed.
Comparing figures 1 and 2 we can see that K3 roughly corresponds to the UL HARQ RTT timer as it is the time it takes for the gNB to receive information from the UE and act accordingly. Since the processing times in NR are expected to be very short, the duration of the sleep period i.e. the UL HARQ RTT value would be in the order of 1 to 3ms. As it is unlikely that values on K3 will be specified, there is no need to have the UL HARQ RTT timer in NR. A removal of the UL HARQ RTT timer would also result in a less complex DRX process in both the UE and the network and would allow for a more flexible scheduling with a possible reduction in latency.
[bookmark: _Toc489942728][bookmark: _Toc490049113][bookmark: _Toc490049260][bookmark: _Toc490049725][bookmark: _Toc490049805][bookmark: _Toc490049846][bookmark: _Toc490072281][bookmark: _Toc490210861][bookmark: _Toc494229022][bookmark: _Toc494234957][bookmark: _Toc494359762][bookmark: _Toc494381218][bookmark: _Toc494410880]The UL HARQ RTT timer is not supported in NR.
For the sake of DRX we can also view this as the timer is set to 0 which means that the drx-ULRetransmissionTimer starts immediately after the UE has transmitted anything on PUSCH.
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Figure 3 Start of drx-UlRetransmissionTimer when no UL HARQ RTT is present

[bookmark: _Toc489942729][bookmark: _Toc490049114][bookmark: _Toc490049261][bookmark: _Toc490049726][bookmark: _Toc490049806][bookmark: _Toc490049847][bookmark: _Toc490072282][bookmark: _Toc490210862][bookmark: _Toc494229023][bookmark: _Toc494234958][bookmark: _Toc494359763][bookmark: _Toc494381219][bookmark: _Toc494410881]The drx-ULRetransmissionTimer starts in the first slot after the subframe/slot containing the PUSCH transmission.
Operation in downlink
Background
An illustration of the timing relation for DL synchronous HARQ operation in LTE is seen Figure 4. The HARQ RTT timer is started when data is transmitted on the DL. After a fixed delay of 4ms the UE should send its acknowledgment and if a retransmission is needed it should be sent 4ms after the acknowledgment is received in the eNB. This gives a total and fixed delay of 8ms for DL synchronous HARQ. For DL asynchronous HARQ operation, there is still a fixed delay for when to send the acknowledgment of 4ms while the retransmission can be sent with a more flexible timing relation. So, regardless of synchronous or asynchronous DL HARQ in LTE, there is a fixed delay that prevents the eNB to send a retransmission any sooner.
[image: ]
[bookmark: _Ref490041756][bookmark: _Ref490041745]Figure 4 Timing relations for asynchronous HARQ
(DL) HARQ RTT timer
HARQ RTT in LTE is mainly due to the 3ms processing delay at the receiver sides. It is believed that NR will have reduced delays due to e.g. faster processing and values even below 1ms is discussed. 
For DL asynchronous HARQ in NR, the DCI will inform the UE on both where to receive the DL data but also where to send the HARQ feedback. The time between the allocated resources for HARQ signalling and a possible retransmission could allow the UE to not monitor the PDCCH. Similar as for the UL HARQ process discussed above, the only time the UE is allowed to not monitor the PDCCH is when the drx-InactivityTimer has expired and it still expects retransmissions. 
The only time the  HARQ RTT allows the UE to not monitor the PDCCH is when the drx-InactivityTimer has expired and it still expects retransmissions.
As discussed above, K3 depends on the capabilities of the gNB. It is reasonable to assume that processing delays in gNB will reach similar values as for the UEs. But, as capabilities of the gNB are not specified, it can be assumed that values of K3 will also not be specified. Also, as agreed in RAN1, all UEs should support K1≥1ms and perhaps even K1=0ms which could result in almost zero delays.
Given these short processing times, the full flexibility in scheduling given by the use of asynchronous HARQ would be diminished if HARQ RTT is used in NR.
[bookmark: _Toc489942730][bookmark: _Toc490049115][bookmark: _Toc490049262][bookmark: _Toc490049727][bookmark: _Toc490049807][bookmark: _Toc490049848][bookmark: _Toc490072283][bookmark: _Toc490210863][bookmark: _Toc494229024][bookmark: _Toc494234959][bookmark: _Toc494359764][bookmark: _Toc494381220][bookmark: _Toc494410882]The (DL) HARQ RTT timer is not supported in NR.
If no HARQ RTT is used in NR and the UE needs to send and negative acknowledgment, the drx-RetransmissionTimer could be started in the same slot as where the NACK is sent. This implies that if the UE has no other active HARQ processes and the drxInactivityTimer has expired, the UE need not to monitor the DL and similar behaviour as in LTE would be experienced and an implicit HARQ RTT would occur between the reception of the DL data and the transmission of the NACK.
[bookmark: _Toc489942731][bookmark: _Toc490049116][bookmark: _Toc490049263][bookmark: _Toc490049728][bookmark: _Toc490049808][bookmark: _Toc490049849][bookmark: _Toc490072284][bookmark: _Toc490210864][bookmark: _Toc494229025][bookmark: _Toc494234960][bookmark: _Toc494359765][bookmark: _Toc494381221][bookmark: _Toc494410883]The drx-RetransmissionTimer starts in the subframe/slot containing the NACK transmission.
Optimization for the last UL transmission
After each UL transmission the UE monitors DCI for indication of retransmission or new transmission, see Figure 2. It can be concluded that the UE keeps active for PDCCH monitoring when there is no HARQ feedback for the last UL data transmission. The only benefit to provide a HARQ feedback for the last data transmission is that if the drx-InactivityTimer has expired, the UE can stop the drx-ULRetransmissionTimer before it would otherwise expire and enter DRX earlier. However, it can be easily concluded that the benefit of the UE power consumption is rather minor if the drx-ULRetransmissionTimer is set to a small value. Additionally, the cost is rather high to transmit a signal specially for HARQ feedback for the last UL data transmission. For normal operation there is therefore no need to specify a specific HARQ feedback signal for the UE to be able to enter DRX early. Instead, the UE shall monitor DCI to schedule the retransmission for certain period, as in LTE.
[bookmark: _Toc477874435][bookmark: _Toc477876075][bookmark: _Toc477882400][bookmark: _Toc477882478][bookmark: _Toc477882544][bookmark: _Toc477882556][bookmark: _Toc478137544][bookmark: _Toc478138659][bookmark: _Toc481688811][bookmark: _Toc481866649][bookmark: _Toc488840531][bookmark: _Toc489942736][bookmark: _Toc490049117][bookmark: _Toc490049264][bookmark: _Toc490049729][bookmark: _Toc490049809][bookmark: _Toc490049850][bookmark: _Toc490072285][bookmark: _Toc490210865][bookmark: _Toc494229026][bookmark: _Toc494234961][bookmark: _Toc494359766][bookmark: _Toc494381222][bookmark: _Toc494410884]There is no need to specify an optimized mechanism for monitoring of DCI after the last UL transmission.
The drx-RetransmissionTimer
The time unit of PDCCH subframes for the drx-RetransmissionTimer in LTE is not adequate in NR.  Due to short processing times and multiplexing of numerologies the time unit of this timer need to reflect the slot length used to transmit the original transport block. 
[bookmark: _Toc494234962][bookmark: _Toc494359767][bookmark: _Toc494381223][bookmark: _Toc494410885]The unit of time used for the both the UL and DL drx-RetransmssionTimer is the slot length, slt, used for the original transport block

drx-RetransmissionTimerDL			ENUMERATED {
												slt0, slt1, slt2, slt4, slt6, slt8, slt16,
												slt24, slt32, slt40, slt64, slt80, slt96,
												slt112, slt128, slt160, slt320, spare15,
												spare14, spare13, spare12, spare11,
												spare10, spare9, spare8, spare7,
												spare6, spare5, spare4, spare3,
												spare2, spare1},

drx-RetransmissionTimerUL			ENUMERATED
												slt0, slt1, slt2, slt4, slt6, slt8, slt16,
												slt24, slt32, slt40, slt64, slt80, slt96,
												slt112, slt128, slt160, slt320, spare15,
												spare14, spare13, spare12, spare11,
												spare10, spare9, spare8, spare7,
												spare6, spare5, spare4, spare3,
												spare2, spare1},

[bookmark: _Toc489942740][bookmark: _Toc490049121][bookmark: _Toc490049268][bookmark: _Toc490049733][bookmark: _Toc490049813][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
We propose:
[bookmark: _GoBack]Proposal 1	The UL HARQ RTT timer is not supported in NR.
Proposal 2	The drx-ULRetransmissionTimer starts in the first slot after the subframe/slot containing the PUSCH transmission.
Proposal 3	The (DL) HARQ RTT timer is not supported in NR.
Proposal 4	The drx-RetransmissionTimer starts in the subframe/slot containing the NACK transmission.
Proposal 5	There is no need to specify an optimized mechanism for monitoring of DCI after the last UL transmission.
Proposal 6	The unit of time used for the both the UL and DL drx-RetransmssionTimer is the slot length, slt, used for the original transport block
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