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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN2 #98 meeting, there were some discussions on NR MAC timers with the following agreements [1]
Agreements
1. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 
2. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configure infinite value for this timer.
3. As a baseline, a single DRX configuration like in LTE will be supported.
In the RAN2 #99 meeting, there were some discussions on NR DRX timers with the following agreements [2]
Agreements:
1.	The unit of Onduration and drx-inactivity is numerology independent and based on ms.  The minimum value can be less than 1ms. 
2.	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.)
In this contribution, we will further discuss the time unit of MAC timers.
2. Discussion
2.1. Classification of MAC timers
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK1][bookmark: OLE_LINK222][bookmark: OLE_LINK223]In LTE, in order to realize different functions, the MAC sublayer is configured with a series of timers. According to the time unit, it can be divided into two categories. The details of each MAC timer can be found in the appendix.
DRX related timers which are counted in PDCCH subframe:
· [bookmark: OLE_LINK84][bookmark: OLE_LINK85]drx-RestransmissionTimer
· drx-ULRestransmissionTimer 
· Mac-ContentionResolutionTimer
Timers counted in subframe:
· timeAlignmentTimer
· DataInactivityTimer
· sCellDeactivationTimer
· SR related timer: sr-ProhibitTimer
· HARQ RTT Timer and UL HARQ RTT Timer
· BSR related timer: periodicBSR-Timer, retxBSR-Timer and retxBSR-Timer
· PHR related timer: logicalChannelSR-ProhibitTimer, periodicPHR-Timer and prohibitPHR-Timer
2.2. Time unit of PDCCH occasion
[bookmark: OLE_LINK3]It is agreed in RAN 2 that the drx-RestransmissionTimer will be reused in NR. However, the time unit may be different due to the introduction of multiple numerologies and different numerology. In LTE, it is counted in PDCCH subframe. In NR, a UE can be configured with multiple numerologies and different numerology has different symbol length and slot length configuration. If the time unit adopts the NR-PDCCH occasion, this will result in confusion about the exact length of the Timer. As shown in figure 1, the absolute duration of the timer configured different numerology is not same under the assumption that the duration of this timer is defined as three PDCCH occasions.


Figure 1.  Example of drx-RetransmissionTimer under three PDCCH occasions
In order to solve this problem, we have three options as following:
· Option 1: UE maintains a drx-RestransmissionTimer per numerology.
· Option 2: The duration of drx-RestransmissionTimer is determined by the reference numerology.
· Option 3: drx-RestransmissionTimer is configured as absolute time, e.g. ms.
For option 1, it will introduce extra operational complexity. 
For option 2, it is difficult to define and select the reference numerology. This also can increase the complexity of UE operation.
For option 3, UE shall monitor all the PDCCH occasion on supported numerology within fixed time and corresponding action is not affected by the deactivation/inactivation of numerology. This will not increase the UE power consumption, as the UE only monitors/receives the PDCCH(s) (or CORESET(s)) which is configured for the UE, according to the DRX operation.
Compared three options, it would be better to choose absolute time as the time unit in perspective of reduction of complexity and improvement of energy efficiency at UE side.
As the same reason, the time unit of drx-RestransmissionTimer and drx-RestransmissionTimer should also use millisecond, e.g. ms.
2.3. Time unit of subframe
In LTE, many MAC timers are counted in subframe. In this part, we choose timeAlignementTimer as example to analyze the corresponding time unit in NR. 
This timer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned and has no direct relationship with numerology. In addition, the subframe in NR is no longer an absolute time with fixed TTI duration. If we still choose the subframe/slot as the time unit, it will result in different value of the exact length of the timer which is unnecessary and meaningless.
However, the HARQ RTT is based on the PDCCH indication (which is used to indicate when to perform transmission/re-transmission/HARQ feedback) according to the current RAN1 discussion. For example, the HARQ feedback time (i.e. K1) between the PDSCH transmission and the HARQ feedback is indicated as the number of OFDM symbols. If the numerology does not change for data transmission/data re-transmission/HARQ feedback, then we can use the number of OFDM symbols to count the HARQ RTT timer. Otherwise the OFDM symbol duration is preferred to calculate the exact timer duration for the HARQ RTT timer. The detailed analysis of the HARQ RTT timer can be found in our paper [4]. Thus we think the time unit for HARQ RTT timer should be discussed separately, and more inputs from RAN1 is required.
Proposal:  The MAC timers except for the HARQ RTT timer use the time unit of absolute time, e.g. ms.
3. Conclusion
In this contribution, we discuss the time unit of MAC timers in NR. Based on the discussion, we have the following proposal:
Proposal:  The MAC timers except for the HARQ RTT timer use the time unit of absolute time, e.g. ms.
4. [bookmark: _Ref493234696][bookmark: OLE_LINK89]References
[1]. [bookmark: _Ref493234838]RAN2#98_Final_Report
[2]. [bookmark: _Ref493257129]RAN2#99_Final_Report
[3]. 3GPP TS 36.321: "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification".
[4]. R2-17xxxxx, RAN2#99bis, vivo, “Discussion on HARQ RTT Timer”
5. Appendix
Table 1: Timers
	
drx-RestransmissionTimer
	Start：if a HARQ RTT Timer expires in this subframe and the data of corresponding HARQ process was not successfully decoded, then start the drx-RestransmissionTimer for the corresponding HARQ process

	
	Stop：(1) PDCCH indicates a DL transmission or a DL assignment has been configured for this subframe; (2) drx-RestransmissionTimer expries；(3) MAC reset

	
	Expiry：Stop PDCCH monitoring if the UE is not in the Active Time.

	
	Running：monitor PDCCH

	
	Conclusion：Should be absolute time, e.g. ms

	
drx-ULRetransmissionTimer
	Start: if an UL HARQ RTT Timer expires in this subframe，start drx-ULRetransmissionTimer for the corresponding HARQ process

	
	Stop：(1) PDCCH indicates an UL transmission for an asynchronous HARQ process or an UL grant has been configured for an asynchronous HARQ process; (2)drx-ULRetransmissionTimer expires（3）MAC reset

	
	Expiry：Stop PDCCH monitoring if the UE is not in the Active Time

	
	Running：monitor PDCCH

	
	Conclusion：Should be absolute time, e.g. ms

	
Mac-ContentionResolutionTimer
	Start：Once msg3 is transmitted, start or restart Mac-ContentionResolutionTimer

	
	Stop：(1)when notification of a reception of a PDCCH transmission received from lower layers, if the C-RNTI MAC CE was included in Msg3, if the random access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission or if the random access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI , stop Mac-ContentionResolutionTimer;  (2) when notification of a reception of a PDCCH transmission received from lower layers, if the CCCH SDU is included in Msg3 and PDCCH transmission is addressed to its Temporary C-RNTI，if MAC PDU is successfully decoded, stop Mac-ContentionResolutionTimer

	
	Expiry：discard the Temporary C-RNTI, consider the contention resolution not successfully

	
	Running：monitor PDCCH

	
	Conclusion: Should be absolute time, e.g. ms

	

timeAlignmentTimer
	Start：(1)when a Timing Advance Command MAC CE is received, start or restart the timeAlignmentTimer associated with the indicated TAG; (2) when a Timing Advance command is received in a Random Access Response message for a serving cell belonging to a TAG, if the Random Access Preamble was not selected by the MAC entity, start or restart the timeAlignmentTimer associated with this TAG, else if the  timeAlignmentTimer associated with this TAG is not running, start the timeAlignmentTimer associated with this TAG

	
	Stop：(1) when the contention resolution is considered not successfully, stop the timeAlignmentTimer associated with this TAG; (2) timeAlignmentTimer expries; (3)MAC reset

	
	Expiry：(1)if the timeAlignmentTimer is associated with the pTAG, flush all HARQ buffers for all serving cells, notify RRC to release PUCCH for all serving cells, notify RRC to release SRS for all serving cells, clear any configured downlink assignments and uplink grants, consider all running timeAlignmentTimers as expired；(2) if the timeAlignmentTimer is associated with the sTAG, flush all HARQ buffers, notify  RRC to release SRS, notify RRC to release PUCCH if configured

	
	Running：apply the Timing Advance Command MAC CE or Timing Advance Command for this TAG

	
	[bookmark: OLE_LINK2]Conclusion：timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned and is not related to numerology. Thus the timer unit can be configured as absolute time, e.g. ms.

	

sr-ProhibitTimer
	Start：When a pending SR is transmitted, start the sr-ProhibitTimer

	
	Stop: (1)when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to the last event that triggered a BSR；(2)when the UL grant(s) can accommodate all pending data available for transmission；（3）sr-ProhibitTimer  expires; (4)MAC reset

	
	Expiry：if SR_COUNTER < dsr-TransMax，retransmit the SR

	
	Running：SR is not allowed

	
	Conclusion：sr-ProhibitTimer can prevent UE transmitting SR for UL grant frequently. It is numerology independent and can be configured as ms.

	

periodicBSR-Timer
	Start：If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled,  and if the MAC entity has UL resources allocated for new transmission for this TTI , start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs

	
	Stop: (1) periodicBSR-Timer expries；(2) MAC reset

	
	Expiry： periodic BSR shall be triggered

	
	Running：No specific UE behavior

	
	Conclusion: periodic BSR is appropriate for the service which has large date to be transmitted. The associated periodicBSR-Timer is related to the pattern of service. Thus its time unit shall be absolute time.

	

retxBSR-Timer
	Start：(1)If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled,  and if the MAC entity has UL resources allocated for new transmission for this TTI , start or restart retxBSR-Timer; (2) when indication of a grant for transmission of new data on any UL-SCH is received, restart retxBSR-Timer

	
	Stop：(1)retxBSR-Timer expries; (2)MAC reset

	
	Expiry：if retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, regular BSR shall be triggered

	
	Running：No specific UE behavior

	
	Conclusion: retxBSR-Timer provides a recovery mechanism under the situation that the UE demodulates the NACK into ACK incorrectly. The time unit can be ms.

	

logicalChannelSR-ProhibitTimer
	Start：if the BSR is triggered due to data becoming available for transmission for a logical channel，start or restart the logicalChannelSR-ProhibitTimer

	
	Stop：(1) logicalChannelSR-ProhibitTimer expires; (2)MAC reset; (3)A regular BSR triggered by retxBSR-Timer

	
	Expiry：No specific UE behavior

	
	Running： SR is not allowed

	
	Conclusion:logicalChannelSR-ProhibitTimer is used to delay the transmission of an SR for logical channels. The time unit can be ms.

	

periodicPHR-Timer
	Start：(1) if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer; (2)if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled, and if the allocated UL resources can accommodate the MAC control element for PHR which the MAC entity is configured to transmit plus its subheader as a result of logical channel prioritization, start or restart the periodicPHR-Timer

	
	Stop：(1)periodicPHR-Timer expries; (2)MAC reset

	
	Expiry：PHR is transmitted

	
	Running：No specific UE behavior

	
	Conclusion：periodicPHR-Timer is used by RRC to control the periodic reporting of PHR. This can be ms.

	

prohibitPHR-Timer
	Start：(1) if it is the first UL resource allocated for a new transmission since the last MAC reset, start periodicPHR-Timer; (2)if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled, and if the allocated UL resources can accommodate the MAC control element for PHR which the MAC entity is configured to transmit plus its subheader as a result of logical channel prioritization, start or restart the periodicPHR-Timer

	
	Stop：(1) prohibitPHR-Timer expires；(2)MAC reset

	
	Expiry：The PHR reporting is allowed.

	
	Running：The PHR reporting is not allowed.

	
	Conclusion：prohibitPHR-Timer is used to prevent frequent transmission of PHRs due to the frequent fluctuation in pathloss and is not numerology dependently. Thus the time unit can be ms.

	

sCellDeactivationTimer

	Start：（1）if the MAC entity receives an Activation/Deactivation MAC control element in this TTI activating the SCell , start or restart sCellDeactivationTimer associated with the SCell；（2）if PDCCH on the Serving Cell scheduling the activated SCell indicates an uplink grant or a downlink assignment for the activated SCell, restart sCellDeactivationTimer associated with the SCell

	
	Stop：(1)the MAC entity receives an Activation/Deactivation MAC control element in this TTI deactivating the SCell; (2)sCellDeactivationTimer expires; (3) MAC reset

	
	Expiry：stop the sCellDeactivationTimer associated with the SCell, flush all HARQ buffers associated with the SCell

	
	Running：Consider the corresponding SCell as activated.

	
	Conclusion：UE maintains a sCellDeactivationTimer per configured SCell to control the Activation/Deactivation of the corresponding SCell which can improve the energy efficiency of UE battery. It is numerology independently and can be ms.

	

DataInactivityTimer
	Start：if the MAC entity receives the MAC SDU for DTCH logical channel , DCCH logical channel, or CCCH logical channel or if the MAC entity transmits the MAC SDU for DTCH logical channel, DCCH logical channel, start or restart DataInactivityTimer

	
	Stop：(1) DataInactivityTimer  expries; (2)MAC reset

	
	Expiry：indicate the expiry of DataInactivityTimer to upper layers, and the UE goes to IDLE.

	
	Running：No specific UE behavior

	
	Conclusion：DataInactivityTimer is used to provide the serving eNB with the information about the UE status to prevent the situation that UE thinks itself in connect mode while the eNB has released this UE. It has no relationship with the numerology, thus can be configured as ms.

	

bitRateQueryProhibitTimer
	Start：when each Recommended bit rate query that the Recommended Bit Rate procedure determines has been triggered and not cancelled, if bitRateQueryProhibitTimer for the logical channel and the direction of this Recommended bit rate query is configured, and it is not running and if the MAC entity has UL resources allocated for new transmission for this TTI and the allocated UL resources can accommodate a Recommended bit rate MAC control element plus its subheader as a result of logical channel prioritization, start bitRateQueryProhibitTimer

	
	Stop：(1)bitRateQueryProhibitTimer expires；(2) MAC reset

	
	Expiry：No specific UE behavior

	
	Running: Stop reporting of the Recommended bit rate query

	
	Conclusion: bitRateQueryProhibitTimer is used to prevent UE transmitting Recommended bit rate query for a specific logical channel and a specific direction frequently, and the time unit can be ms.

	

HARQ RTT Timer
	Start: (1) PDCCH indicates a DL transmission; (2) a DL assignment has been configured for this subframe

	
	Stop：(1)HARQ RTT Timer expires;(2)MAC reset

	
	Expiry：if a HARQ RTT Timer expires in this subframe and the data of corresponding HARQ process was not successfully decoded, then start the drx-RestransmissionTimer for the corresponding HARQ process

	
	Running：No specific UE behavior

	
	Conclusion: This is not related to the PDCCH monitoring, but related to the UE/NW processing delay and the transmission delay. It should be discussed separately.

	

UL HARQ RTT Timer
	Start：（1）PDCCH indicates an UL transmission for an asynchronous HARQ process；（2）an UL grant has been configured for an asynchronous HARQ process

	
	Stop：（1）UL HARQ RTT Timer expires（2）MAC reset

	
	Expiry: UL HARQ RTT Timer expires in this subframe，start or restrat drx-ULRetransmissionTimer

	
	Running：No specific UE behavior

	
	Conclusion: This is not related to the PDCCH monitoring, but related to the UE/NW processing delay and the transmission delay. It should be discussed separately.
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