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Introduction
At the RAN1#86bis meeting it was agreed that the duration of a subframe in NR is 1 ms and the reference numerology is 15 kHz:
Agreements
•	Sub-frame duration is fixed to 1ms
•	Reference numerology for defining subframe duration is 15 kHz


In this contribution we discuss some impacts on different user plane related timers in PDCP, RLC and MAC given this agreement and how these timers should be configured for different numerologies and TTI durations.
[bookmark: _Ref178064866]Discussion
The timers as used in LTE are investigated in this paper. Whether or not all of them will be adopted into NR is not decided but they have been used as a baseline in this investigation on which timers will be impacted on having a fixed subframe duration of 1ms and if the configurable value range of each timer is also adequate for NR. In the following text we have excluded timers which impact parts of the protocols not included in the first phase of NR, e.g. timers related to WLAN and sidelink operation.
The use of a subframe or a PDCCH-subframe as a time unit for configuring timers in NR will result in different time duration depending on the TTI duration used. Therefore, means to configure timers in NR regardless of numerology is needed to make sure the gNB and UE are aligned when a specific timer is active or not.
PDCP Timers
No timers in the Packet Data Convergence Protocol in LTE are configured by using the time unit of a subframe or a PDCCH-subframe. To avoid affecting these timers if different TTI lengths are configured dynamically in MAC by the use of different numerologies or sTTI and/or mini-slots, they should be kept using an absolute value in milliseconds. 
[bookmark: _Toc481756043]The PDCP timers in LTE are configured with an absolute value in milliseconds, keeping this for NR will avoid having these timers affected if the TTI length is dynamically changed in the MAC layer.
Under assumption that the PDCP timers are usually configured to multiples of the HARQ RTT value and since the value of the HARQ RTT is assumed to be lower than in LTE, timers adopted to NR should be evaluated and perhaps adapted in their configurable value range for NR, to ensure optimal operation.
-	discardTimer (configured in milliseconds)
-	The discard timer is used for uplink queue management, so that one PDU is dropped from the queue if the queue grows to long. The queue size does not depend on the TTI length, so the current values can be used. 
-	t-Reordering (configured in milliseconds)
-	The setting of the t-Reordering timer may impact the amount of losses or result in long delays if the timer is set too short or too long respectively. The t-reordering timer is typically set to a very high value around 200ms for LTE. Smaller values are available so that ideal values for shorter TTIs can be configured for NR operation.
[bookmark: _Toc477993276][bookmark: _Toc477994245][bookmark: _Toc478020926][bookmark: _Toc478074238][bookmark: _Toc478074312][bookmark: _Toc478074351][bookmark: _Toc478127727][bookmark: _Toc478128044][bookmark: _Toc478128144][bookmark: _Toc478128204][bookmark: _Toc478136673][bookmark: _Toc478136912][bookmark: _Toc478136938][bookmark: _Toc478136990][bookmark: _Toc481710349][bookmark: _Toc481756038]Reuse the time unit of milliseconds and the current timing durations of the PDCP timers t-Reordering and discardTimer in NR.
RLC Timers
No timers in the Radio Link Control Protocol in LTE are configured by using the time unit of a subframe or a PDCCH-subframe. To avoid affecting these timers if different TTI lengths are configured dynamically on MAC by the use of different numerologies or sTTI and/or mini-slots, they should be kept using an absolute value in milliseconds. 
[bookmark: _Toc481756044]The RLC timers in LTE are configured with an absolute value in milliseconds, keeping this for NR will avoid having these timers affected if the TTI length is dynamically changed in the MAC layer.
Under assumption that the RLC timers are usually configured to multiples of the HARQ RTT value and since the value of the HARQ RTT is assumed to be lower than in LTE, timers adopted to NR should be evaluated and perhaps adapted in their configurable value range for NR, to ensure optimal operation.
The Radio Link Control Protocol in LTE supports the following timers:
-	t-PollRetransmit (configured in milliseconds)
-	Used by the transmitting side in order to retransmit a poll. A poll can e.g. be done every x PDU or every x byte. The configurable value range are from 5ms to 4000ms. Should be sufficient for numerologies in NR with shorter TTIs.
-	t-Reordering (configured in milliseconds)
[bookmark: _GoBack]-	Used by the receiving side in order to detect loss of RLC PDUs at lower layer. It is typically chosen to not expire for a number of HARQ retransmissions, which implies that also for numerologies with short TTIs, it will have a value of a few ms and the current values are configurable from 0ms to 200ms and should be sufficient for numerologies in NR with shorter TTIs.
-	t-StatusProhibit (configured in milliseconds)
-	Used by the receiving side in order to prohibit transmission of a STATUS PDU. The current values are configurable from 0ms to 800ms and should be sufficient for numerologies in NR with shorter TTIs.
[bookmark: _Toc477993277][bookmark: _Toc477994246][bookmark: _Toc478020927][bookmark: _Toc478074239][bookmark: _Toc478074313][bookmark: _Toc478074352][bookmark: _Toc478127728][bookmark: _Toc478128045][bookmark: _Toc478128145][bookmark: _Toc478128205][bookmark: _Toc478136674][bookmark: _Toc478136913][bookmark: _Toc478136939][bookmark: _Toc478136991][bookmark: _Toc481710350][bookmark: _Toc481756039]Reuse the time unit of milliseconds and the current timing durations for the RLC timers t-PollRetransmit, t-Reordering and t-StatusProhibit in NR.
MAC Timers
Most timers in the Medium Access Control protocol are configured by using the time unit of a subframe or a PDCCH-subframe. Therefore, the agreement on having a subframe fixed to 1ms would result in different behaviour depending on the TTI duration configured for some timers while other timers are without impact. Especially the term PDCCH-subframe could give rise to some confusion in NR. If the UE is monitoring several component carriers, using different numerologies, the number of PDCCH occasions and thereby PDCCH-subframes would be very different on different carriers and could be ambiguous in the framework of C-DRX, i.e. which carrier should be used for counting at what point in time? See also [1] It is therefore proposed to exclude the use of a PDCCH-subframe in the specs for NR. 
[bookmark: _Toc481710351][bookmark: _Toc481756040]Exclude the use of the term PDCCH-subframe in the specs for NR.
The MAC timers have been divided into two groups below; MAC timers that we believe are not impacted by the use of different numerologies and MAC timers that we believe are impacted.
MAC timers not impacted by the use of different numerologies/TTI durations
The timers in this sub clause are the MAC Protocol timers in LTE that we believe could be adopted to NR without the need for any change in configuration or value range. 
-	timeAlignmentTimer
-	At expiry the UE time alignment is considered lost, so that UE needs to re-synchronize to the network. Since the UE mobility and drifting of the UE clock is not expected to be different for NR, this timer does not need changes for NR operation.
-	sCellDeactivationTimer
-	Does not need changes, since SCell handling in CA is independent of the TTI used. However, it is argued in [2] that this timer is not needed in NR and therefore also not proposed to be used in this paper.
-	periodicPHR-Timer, prohibitPHR-Timer
-	The power headroom might change with changes in path loss, but since dynamic path loss changes to be reported do not occur faster with a shorter TTI, also this timer does not require changes.
-	periodicBSR-Timer, retxBSR-Timer, logicalChannelSR-ProhibitTimer
-	Faster BSR reporting is not foreseen when UE is configured for numerologies using shorter TTI.
-	sr-ProhibitTimer
-	Refers to SR-periods as its basis, i.e. it can be considered a counter. No change of this timer’s behaviour is needed.
[bookmark: _Toc478128206][bookmark: _Toc478136675][bookmark: _Toc478136914][bookmark: _Toc478136940][bookmark: _Toc478136992][bookmark: _Toc481710352][bookmark: _Toc481756041]NR should adopt the timeAlignmentTimer, periodicPHR-Timer, prohibitPHR-Timer, periodicBSR-Timer, retxBSR-Timer, logicalChannelSR-ProhibitTimer and sr-ProhibitTimer and reuse the existing configurations.
MAC timers impacted by the use of different numerologies/TTI durations
The MAC timers below are configured by using either subframes or PDCCH-subframes. It should be noted that a PDCCH-subframe would not be applicable in NR since it could be several PDCCH occasions per subframe and therefore very ambiguous. The numerology used on different carriers have an impact on these timers and given that the a UE can be configured with two or more carriers using different numerologies, which also can change dynamically, we feel that they need more analysis on how to handle and how to be configured to ensure the optimal operation with respect to UE energy savings, reachability/latency and complexity.
The MAC Protocol in LTE supports the following DRX related timers
-	onDurationTimer
-	This timer is controlling the reachability of the UE by configuring the number of PDCCH occasions to be monitored. Reusing the PDCCH-subframe configuration would result in different behaviour depending on the numerology. This could be mitigated by configuring the UE with a monitoring pattern that could be reused across numerologies, see [1] for more details.
-	drx-InactivityTimer
-	The number of PDCCH-subframe(s) for which the UE should be Active after successfully decoding a PDCCH. This same reasoning as for the onDurationTimer above is valid here.
-	drx-RetransmissionTimer, drx-ULRetransmissionTimer
-	Indicates the maximum number of PDCCH-subframes for which UE should be monitoring PDCCH awaiting a retransmission. This timer also needs to be defined in an unambiguous way, similar to the timers onDurationTimer and drx-InactivityTimer, i.e. the number of occasions when to monitor the PDCCH.
-	longDRX-CycleStartOffset
-	Defines long DRX cycle length as well as the DRX offset. How this timer should be configured in NR depends on how the onDurationTimer and drx-InactivityTimer are configured. 
-	shortDRX-Cycle
-	Indicates the length of the short cycle in subframes. Similar to the longDRX-CycleStartOffset, how this timer should be configured in NR depends on how the onDurationTimer and drx-InactivityTimer are configured.
-	mac-ContentionResolutionTimer
-	Specifies the number of consecutive subframe(s) during which the MAC entity shall monitor the PDCCH after Msg3 is transmitted. Needs to be unambiguously defined and adapted to NR. Also for this timer, monitoring occasions or pattern could be used.
-	ra-ResponseWindowSize
-	The RA Response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize. Needs to be unambiguously defined and adapted to NR. Also for this timer, monitoring occasions or pattern could be used.
[bookmark: _Toc465671602][bookmark: _Toc478136915][bookmark: _Toc478136941][bookmark: _Toc478136993][bookmark: _Toc481710353][bookmark: _Toc481756042]RAN2 should further investigate how to ensure correct operation in the case of mixed numerologies/TTI durations of the following MAC timers: onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-CycleStartOffset, shortDRX-Cycle, mac-ContentionResolutionTimer, and ra-ResponseWindowSize.
Conclusion
We have the following proposals and observations:
Observation 1	The PDCP timers in LTE are configured with an absolute value in milliseconds, keeping this for NR will avoid having these timers affected if the TTI length is dynamically changed in the MAC layer.
Observation 2	The RLC timers in LTE are configured with an absolute value in milliseconds, keeping this for NR will avoid having these timers affected if the TTI length is dynamically changed in the MAC layer.

Proposal 1	Reuse the time unit of milliseconds and the current timing durations of the PDCP timers t-Reordering and discardTimer in NR.
Proposal 2	Reuse the time unit of milliseconds and the current timing durations for the RLC timers t-PollRetransmit, t-Reordering and t-StatusProhibit in NR.
Proposal 3	Exclude the use of the term PDCCH-subframe in the specs for NR.
Proposal 4	NR should adopt the timeAlignmentTimer, periodicPHR-Timer, prohibitPHR-Timer, periodicBSR-Timer, retxBSR-Timer, logicalChannelSR-ProhibitTimer and sr-ProhibitTimer and reuse the existing configurations.
Proposal 5	RAN2 should further investigate how to ensure correct operation in the case of mixed numerologies/TTI durations of the following MAC timers: onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer, drx-ULRetransmissionTimer, longDRX-CycleStartOffset, shortDRX-Cycle, mac-ContentionResolutionTimer, and ra-ResponseWindowSize.
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