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1	Introduction
As meaning of TTI becoming unclear for NR, NR-UNIT has been used in current MAC specification with details FFS. RAN1 defined absolute unit of subframe which is 1ms and slot which depends on numerology of the cell/BWP, and as mini-slot which has fewer OFDM symbols than slot. 
In this contribution, we discuss the details of MAC timing modelling for each case.
2	Discussion
For PRACH occasions can be used in MAC without referring to subframe/slot/TTI:
	1>	determine the next available NR-UNIT occasion containing PRACH permitted by the restrictions given by the prach-ConfigIndex;


Proposal 1: PRACH occasion is used for PRACH.
For SR on PUCCH (following text on SR from [1 SR paper]), PUSCH and PDSCH, considering possibility of mini-slot, subframe/slot cannot be used, but TTI can be used for PUCCH/PUSCH/PDSCH duration covering both slot and mini-slot, how many OFDM symbols for the duration can be kept invisible to MAC:
	-	if the MAC entity has no valid PUCCH resource for SR configured that is configured to be usable for the LCH(s) that triggered this SR procedure in any NR-UNITTTI: initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;
-	else if the MAC entity has at least one valid PUCCH resource for SR configured that is configured to be usable for the LCH(s) that triggered this SR procedure for this NR-UNITTTI and if SR_Prohibit_Timer is not running:

	1>	if an uplink grant for this TTI 'NR-UNIT' and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or

	For each TTI'NR-UNIT', the HARQ entity shall:
1>	identify the HARQ process(es) associated with this TTI'NR-UNIT', and for each TB of each identified HARQ process:
2>	if an uplink grant has been indicated for this process and this TTI'NR-UNIT':

	The fields in the BSR MAC CE are defined as follows:
-	Buffer Size: The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4] across all logical channels of a logical channel group after all MAC PDUs for the TTI NR-UNIT have been built (i.e. after the logical channel prioritization procedure). The amount of data is indicated in number of bytes. The length of this field is TBD bits.

	The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI NR-UNIT for each TTINR-UNIT, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD. It is up to UE implementation when to update Bj.

	1>	if a downlink assignment for this 'NR-UNIT'TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:

	2>	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this 'NR-UNIT'TTI.

	For each 'NR-UNIT'TTI where a transmission takes place for the HARQ process, one or more (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

	The MAC entity shall for each NR-UNITTTI and for each configured SCell:
1>	if an SCell Activation/Deactivation MAC CE is received in this NR-UNITTTI activating the SCell:
2>	activate the SCell:
Editor's note: activation details (e.g. PDCCH monitoring, CSI feedbacks, etc.) to be added later. Timing (by referencing RAN1/4 spec.) should also be added later, 
2>	start or restart the sCellDeactivationTimer associated with the SCell.
Editor's note: trigger PHR is missing, and should be discussed by RAN2.
1>	else if an SCell Activation/Deactivation MAC CE is received in this NR-UNITTTI deactivating the SCell; or
1>	if the sCellDeactivationTimer associated with the activated SCell expires in this NR-UNIT: 
2>	deactivate the SCell;

	The MAC entity shall for each NR-UNITTTI and for each DRB configured with duplication:
1>	if a Duplication Activation/Deactivation MAC CE is received in this NR-UNITTTI activating the PDCP duplication of the DRB:
2>	indicate the activation of PDCP duplication of the DRB to upper layers.
1>	if a Duplication Activation/Deactivation MAC CE is received in this NR-UNITTTI deactivating the PDCP duplication of the DRB:
2>	indicate the deactivation of PDCP duplication of the DRB to upper layers.


Proposal 2: TTI is used for PUCCH/PUSCH/PDSCH duration covering both slot and mini-slot, how many OFDM symbols for the duration is kept invisible to MAC.
For sCellDeactivationTimer, it can be independently configured per SCell, with the unit of ms should be enough granularity.
Proposal 3: sCellDeactivationTimer is with the unit of ms.
For PDCCH, PDCCH occasions can be used for PDCCH monitoring with the concept of CORESET:
	When the MAC entity has a C-RNTI or Temporary C-RNTI, the MAC entity shall for each 'NR-UNIT'PDCCH occasion during which it monitors PDCCH and for each Serving Cell:

	If the MAC entity has a C-RNTI or a Temporary C-RNTI, the MAC entity shall for each 'NR-UNIT'PDCCH duration and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this 'NR-UNIT'TTI:


Proposal 4: PDCCH occasions is used when referring to PDCCH monitoring.
For RAR which is send on common search space, PDCCH occasion with common search space should be used with the following agreement from RAN1 AH#3 meeting:
Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4

	1>	if 'multiple preamble transmission' has been signalled:
Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.
2>	start the ra-ResponseWindowSizeTimer at the NR-UNITPDCCH occasion with CSS that after contains the end of the first preamble transmission plus [TBD] NR-UNITsX [reference to PHY];
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindowSizeTimer is running;
1>	else:
2>	start the ra-ResponseWindowSizeTimer at the PDCCH occasion with CSS after NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITsX [reference to PHY];


Proposal 5: PDCCH occasions with common search space is used RAR monitoring.
RAR window should be in absolute value considering the delay of RA procedure. With the unit of ms should be enough granularity.
Proposal 6: RAR window is in ms.
For DRX timers, mac-ContentionResolutionTimer and drxShortCycleTimer are in absolute value of subframe, while onDurationTimer, InactivityTimer and RetransmissionTimer refers to PDCCH-subframe which only counts subframe with PDCCH. Similar could be applicable for NR as well, with PDCCH-subframe being replaced by PDCCH-slot referring to the slot has PDCCH occasion(s) for retx timers which are dependent of the numerology, and PDCCH subframe can be used for OnDuration timer and Inactivity timer which is independent of the numerology. Considering the complexity of overlapping CORESET, enough to count per slot and subframe other than per CORESET/PDCCH occasion.
	-	drx-onDurationTimer: the number of consecutive NR-UNIT(s)PDCCH-subframe at the beginning of a DRX Cycle. Unit in milliseconds;
-	drx-InactivityTimer: the number of consecutive NR-UNIT(s) PDCCH-subframe after the NR-UNIT in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity. Unit in milliseconds;
-	drx-RetransmissionTimerDL (per DL HARQ process): the maximum number of consecutive NR-UNIT(s)PDCCH-slot(s) until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s)PDCCH-slot(s) until a grant for UL retransmission is received;
-	drx-LongCycle: the Long DRX cycle. Unit in milliseconds;
-	drx-ShortCycle (optional): the Short DRX cycle. Unit in milliseconds;
-	drx-ShortCycleTimer (optional): the number of consecutive NR-UNIT(s)subframes the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum amount of NR-UNIT(s)TTI(s) before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum amount of NR-UNIT(s)TTI(s) before a UL HARQ retransmission grant is expected by the MAC entity.

	When DRX is configured, the MAC entity shall for each NR-UNITslot:
…
1>	if this NR-UNITslot is part of  the Active Time:
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNITTTI:
2>	if the PDCCH indicates a UL transmission or if a UL grant has been configured for this NR-UNITTTI:

	[bookmark: _Toc491781970]3.1	Definitions
…
PDCCH-subframe: Refers to a subframe with PDCCH occasion. This represents the union over PDCCH-subframes for all serving cells.
PDCCH-slot: Refers to a slot with PDCCH occasion.


Proposal 7: PDCCH-subframe and PDCCH-slot are defined as a subframe/slot with PDCCH occasion.
Proposal 8: PDCCH-subframe is used drx-onDurationTimer and drx-InactivityTimer, i.e. per subframe/slot for each subframe/slot having PDCCH occasions instead of counting per PDCCH occasion.
Proposal 9: PDCCH-slot is used for drx-RetransmissionTimerDL and drx-RetransmissionTimerUL, i.e. per slot counting for each slot having PDCCH occasions instead of counting per PDCCH occasion.
For the timers with the unit of ms, it is better to start the timer at the subframe boundary to ensure all the cells with different numerologies has same boundary, either at the subframe where the PDCCH is received or at the next subframe. The former might be better considering the possibility of less than 1ms values to avoid any gap of active time, e.g. of half subframe.
Proposal 10: For the timer with unit of ms, the timer is started at subframe boundary.
 3	Conclusion
In this contribution, we discuss the timing modelling in MAC with the following proposals proposed:
Proposal 1: PRACH occasion is used for PRACH.
Proposal 2: TTI is used for PUCCH/PUSCH/PDSCH duration covering both slot and mini-slot, how many OFDM symbols for the duration is kept invisible to MAC.
Proposal 3: sCellDeactivationTimer is with the unit of ms.
Proposal 4: PDCCH occasions is used when referring to PDCCH monitoring.
Proposal 5: PDCCH occasions with common search space is used RAR monitoring.
Proposal 6: RAR window is in ms.
Proposal 7: PDCCH-subframe and PDCCH-slot are defined as a subframe/slot with PDCCH occasion.
Proposal 8: PDCCH-subframe is used drx-onDurationTimer and drx-InactivityTimer, i.e. per subframe/slot for each subframe/slot having PDCCH occasions instead of counting per PDCCH occasion.
Proposal 9: PDCCH-slot is used for drx-RetransmissionTimerDL and drx-RetransmissionTimerUL, i.e. per slot counting for each slot having PDCCH occasions instead of counting per PDCCH occasion.
Proposal 10: For the timer with unit of ms, the timer is started at subframe boundary.
