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[bookmark: _Ref483927698]Introduction
In the previous RAN2 meetings, MAC modeling of PDCCH monitoring/TTI length was discussed several times without reaching a conclusion. There seems to be some understanding that PDCCH occasions are the heart beat of MAC [1], but the issue is that different numerologies support different PDCCH periods so this heart beat is not periodic. An event-triggered approach [2] might be well-suited then but not necessarily appropriate for all time triggers in MAC, e.g. DRX timers. Furthermore, a general consensus from follow-up discussions on transmission profiles is that legacy “TTI” might no longer be the most appropriate terminology in NR. Therefore, MAC specification editor has used the term “NR-UNIT” across the specification wherever was used “TTI” in the legacy specification, in view of being replaced at some point in time by the appropriate term. In this contribution we propose replacements of this term for each section.
Discussion
In the running MAC specification, the editor has a note saying:
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting
We think that, although desirable, it is not possible to make use of a consistent unit across the MAC procedures, but instead “NR-UNIT” should be replaced by different terms depending on the procedure. For example the DL Assignment and UL Grant reception functions should be triggered by PDCCH occasions, irrespective of their actual time. This provides the flexibility to abstract the non-periodic aspects of the PDCCH occasions, as could be the case for example when they are monitored chronologically across concurrent BWPs (i.e. numerologies). Similarly, the UL HARQ entity function should be triggered by actual TB reception from the physical layer, irrespective of the ending time of the PDSCH allocation. Both procedures would therefore fall in the category of event-triggered functions. On the other hand, some procedures use NR-UNIT to count some generic amount of time, independently of the numerology and associated CORESET configuration in use. This is the case for example of LCP and BSR as further elaborated in the sequel. For such procedures, NR-UNIT should rather reflect a common time unit across all configured numerologies. 
Observation 1: It is not possible to make use of a single and consistent time unit replacing NR-UNIT across the MAC procedures.
Proposal 1: “NR-UNIT” should be replaced by different terms depending on the related procedure, including:
· events such as PDCCH occasions or TB reception/request
· a common time unit across configured numerologies
In the following, we address each MAC procedure currently involving one or more instances of “NR-UNIT” and propose an appropriate replacement.  
1.1. [bookmark: _Ref481312399][bookmark: _Ref485154928]Random access
Current TS reads:
5.1.2	Random Access Resource selection
The MAC entity shall:
1>	if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and it is not 0b000000:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
1>	else:
[…]
1>	determine the next available NR-UNIT containing PRACH permitted by the restrictions given by the prach-ConfigIndex;
We think “NR-UNIT” is simply not required here and the above can be updated as follows:
1>	determine the next available PRACH occasion permitted by the restrictions given by the prach-ConfigIndex;
[bookmark: _Toc491781991]Proposal 2: “NR-UNIT” should be replaced with “PRACH occasion” with some slight re-formulation in Section 5.1.2 Random Access Resource Selection.
Current TS further reads:
5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted, the MAC entity shall:
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-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
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 NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;
Regarding “the NR-UNIT that contains…”, we think we should stick to the RAN1 formulation in RAN1#90 agreement which reads:
Agreements:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
Furthermore, RAN1 defines the value of the fixed duration in Ts. Therefore we should either reuse this unit or express the duration in ms. With these changes, the above text should read:
 2>	start the ra-ResponseWindowSizeTimer at the first available PDCCH occasion after a fixed duration of [TBD] ms from the end of the first preamble transmission;
Then the TS further reads:
1>	if a downlink assignment for this NR-UNIT has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
Clearly, NR-UNIT should be replaced by PDCCH occasion here.
Proposal 3: “NR-UNIT” should be replaced with “PDCCH occasion” and “ms” with some re-formulation consistently with RAN1 agreements in Section 5.1.4 Random Access Response Reception.

1.2. DL Assignment and UL Grant reception
In LTE, this function loops across TTIs and therefore across NR-UNITs in the current NR MAC specification. As mentioned above, in NR, PDCCH may no longer be available on a periodic basis since the configurability of different CORESETs across different numerologies provided by RAN1 can result in a non-uniform distribution of all PDCCHs in time. Therefore, the DL assignment and UL grant reception functions should be triggered by PDCCH occasions, whatever time they correspond to. Hence we suggest replacing NR-UNIT with PDCCH occasion across the sections 5.3.1 DL Assignment reception and 5.4.1 UL Grant reception.   
Proposal 4: “NR-UNIT” should be replaced with “PDCCH occasion” across sections 5.3.1 DL Assignment reception and 5.4.1 UL Grant reception.
Moreover, RAN1 allows a UE supporting different numerologies concurrently either via CA with different numerologies configured on different cells or via FDM in a single cell with different numerologies configured on different Bandwidth Parts (BWPs). In the former case, the numerology is unambiguously mapped onto the Serving Cell, and the HARQ entity is associated with that cell. Similarly, in the latter case, assuming one HARQ entity per BWP as we propose in [3], similar to CA case, the numerology is unambiguously mapped onto the Serving Cell and BWP, and the HARQ entity is associated with that cell and BWP. Therefore, if we want to capture the case of different numerologies configured on different Bandwidth Parts (BWPs), we just need to replace “… this Serving Cell” with “… this Serving Cell and Bandwidth Part” in the original text as follows:
1>	if a downlink assignment for this 'NR-UNIT'PDCCH occasion and this Serving Cell and Bandwidth Part has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
Proposal 5: “Serving Cell” should be replaced with “Serving Cell and Bandwidth Part” across sections 5.3.1 DL Assignment reception and 5.4.1 UL Grant reception.
1.3. HARQ entity and process
As in the legacy specification, there is no need in the MAC specification to take care of the linkage between an UL or DL assignment with associated HARQ info in PDCCH and the associated TBs received from PHY by HARQ entity in the appropriate TTI. All what needs to be written in the HARQ entity procedure is: “if a DL(UL) grant has been indicated for this TTI…”. The actual linkage is left to implementation. Therefore there is no issue for example with cross-BWP scheduling: HARQ entity from a given BWP is assumed to know where the assignment/HARQ info comes from.
Regarding the time unit used to pace the HARQ entity and processes, it is attractive to use “slot” in place of NR-UNIT. However one may argue that “slot” is no longer a constant in NR and is instead numerology-dependent. But since we propose one HARQ entity per BWP [3], each HARQ entity can be paced by its own slot system, associated with the BWP numerology, or Serving Cell numerology if no BWP is configured. This definitely simplifies the specification.
Proposal 6: The HARQ entity and HARQ process functions are paced by slots in the slot system of the numerology associated with the BWP and/or Serving Cell they are mapped onto.
Furthermore, in NR, similar to LTE TTI bundling, RAN1 agreed to support cross-slot scheduling but with the difference with TTI bundling that it also accounts for the case where a single TB spans multiple slots. In which case the DL HARQ entity should only be triggered in the slot where the TB transmission completes.
The above can be captured with the following changes to the running TS in DL HARQ entity section, also aiming at using a common wording with the UL HARQ entity section (“The MAC HARQ entity shall”):
“The MAC entity includes a HARQ entity for each Serving Cell and BWP, which maintains a number of parallel HARQ processes.
[…]
The MAC HARQ entity shall: 
1>  if a downlink assignment has been indicated for to complete in this 'NR-UNIT' slot:”
Similarly, the above should be captured with the following changes to the UL HARQ entity section:
“The MAC entity includes a HARQ entity for each Serving Cell and BWP with configured uplink, which maintains a number of parallel HARQ processes.
[…]
For each 'NR-UNIT'slot, the HARQ entity shall:
1>	identify the HARQ process(es) associated with this 'NR-UNIT'slot, and for each TB of each identified HARQ process:
2>	if an uplink grant has been indicated to start in this slot for this process and this 'NR-UNIT':”

Proposal 7: “NR-UNIT” should be replaced with “slot” in sections 5.3.2.1 DL HARQ entity and 5.4.2.1 UL HARQ entity, with some wording harmonization between UL and DL.
Both DL and UL HARQ processes are triggered by the reception/request of a new TB from the HARQ entity in a slot of the BWP/Serving Cell slot system. Therefore, this should be reflected by replacing sentences including “NR-UNIT” with a more generic wording reflecting the “data-driven” nature of the function. For the DL HARQ process, it should be:
“For each 'NR-UNIT' where a PDSCH 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.”

For the UL HARQ process, the update should account for different possible durations (including multi-slot TBs) of the requested retransmission and the MAC PDU obtained from Msg3:

“1>	if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not overlap in timecollide with a transmission for a MAC PDU obtained from the Msg3 buffer in this NR-UNIT:”
Proposal 8: HARQ process procedures should be updated to reflect the data-driven nature of the functions.
1.4. LCP
In the LCP section, NR-UNIT is used at different places:
“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 × NR-UNIT for each NR-UNIT, where PBR is Prioritized Bit Rate of logical channel j.”
As discussed in the introduction of this section, in this context, “NR-UNIT” should be replaced by a term which is numerology-agnostic although reflecting a “minimum” scheduling period. Such common and periodic time interval will also be useful in other procedures that work periodically and are numerology-independent. We propose that this common time unit is defined as the smaller slot interval across the numerologies configured to the UE, referred to as reference slot.
Proposal 9: For numerology-agnostic procedures, common time unit is defined as the smaller slot interval across the numerologies configured to the UE, referred to as reference slot
As elaborated in the following sections 2.5 to 2.7, other numerology-agnostic procedures making use of the reference slot are BSR, DRX and SPS.
Proposal 10: NR-UNIT should be replaced by reference slot in the LCP, BSR, DRX (execution loop) and SPS procedures.
Moreover the LCP text addressing the processing order of simultaneous grants should take into account the possible different sizes of the concurrent UL allocations and should therefore be updated as follows:

“If the MAC entity is requested to transmit multiple MAC PDUs in UL allocations ending in the sameone NR-UNITreference slot, or if the MAC entity receives the multiple UL grants within the same NR-UNITreference slot, it is up to UE implementation in which order the grants are processed.”
1.5. [bookmark: _Ref494312881]Buffer Status Reporting
NR-UNIT is used in the BSR procedure when checking “if UL-SCH resources are available for a new transmission in this NR-UNIT”. Since BSR should be piggybacked in any available transmission irrespective of its numerology, similar to the LCP, the above-defined reference slot term is well suited for replacing NR-UNIT in this procedure.
1.6. DRX
In the DRX section, NR-UNIT is first used when defining the configured timers, where it refers to an amount of time, expressed in number of NR-UNITs. We think in most cases, “NR-UNIT” is not needed and a more appropriate formulation is sufficient. Then the procedure loops over a periodic time unit which, similar to LCP and BSR, is commonly applied across numerologies. Therefore, here again, we think reference slot is the appropriate time unit to be used. 
Thus we propose the following changes:
“RRC controls DRX operation by configuring the following timers:
-	drx-onDurationTimer: the number of consecutive NR-UNIT(s)time interval at the beginning of a DRX Cycle. Unit in milliseconds;
-	drx-InactivityTimer: the number of consecutive NR-UNIT(s)time interval after the NR-UNITreference slot 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)elapsed time until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s)elapsed time 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) amount of time the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum amount of NR-UNIT(s)elapsed time 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)elapsed time before a UL HARQ retransmission grant is expected by the MAC entity.
[…]

When DRX is configured, the MAC entity shall for each NR-UNITreference slot:
[…]
2>	start drx-onDurationTimer.
1>	if this NR-UNITreference slot is part of  the Active Time:
Editor's note: Half-duplex and measurement gap conditions are not included, and may need to be added later.
2>	monitor the PDCCH occasions within this reference slot;
2>	if thea PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNITreference slot:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	if the PDCCH indicates a UL transmission or if a UL grant has been configured for this NR-UNITreference slot:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process;
2>	if thea PDCCH indicates a new transmission (DL or UL):

1.7. [bookmark: _Ref494312884]SPS
NR-UNIT is used in the SPS procedure in the same way as for the BSR when checking “if UL-SCH resources are available for a new transmission in this NR-UNIT”. Therefore the same outcome results:
1.8. Activation/deactivation of Scells and PDCP duplication
Both procedures are triggered by a MAC CE, i.e. a reception of a DL TB. Hence this is another case of data-driven procedure and we should replace “NR-UNIT” with “received DL TB” across the procedure.
Proposal 11: NR-UNIT should be replaced by “received DL TB” in the procedures activating/de-activating Scells and PDCP duplication.
Conclusion
In this contribution, we propose replacements of “NR-UNIT” across MAC procedures in the running TS. It results in the following proposals and associated TP:
Observation 1: It is not possible to make use of a single and consistent time unit replacing NR-UNIT across the MAC procedures.
Proposal 1: “NR-UNIT” should be replaced by different terms depending on the related procedure, including:
· events such as PDCCH occasions or TB reception/request
· a common time unit across configured numerologies

Proposal 2: “NR-UNIT” should be replaced with “PRACH occasion” with some slight re-formulation in Section 5.1.2 Random Access Resource Selection.
Proposal 3: “NR-UNIT” should be replaced with “PDCCH occasion” and “ms” with some re-formulation consistently with RAN1 agreements in Section 5.1.4 Random Access Response Reception.
Proposal 4: “NR-UNIT” should be replaced with “PDCCH occasion” across sections 5.3.1 DL Assignment reception and 5.4.1 UL Grant reception.
Proposal 5: “Serving Cell” should be replaced with “Serving Cell and Bandwidth Part” across sections 5.3.1 DL Assignment reception and 5.4.1 UL Grant reception.
Proposal 6: The HARQ entity and HARQ process functions are paced by slots in the slot system of the numerology associated with the BWP and/or Serving Cell they are mapped onto.
Proposal 7: “NR-UNIT” should be replaced with “slot” in sections 5.3.2.1 DL HARQ entity and 5.4.2.1 UL HARQ entity, with some wording harmonization between UL and DL.
Proposal 8: HARQ process procedures should be updated to reflect the data-driven nature of the functions.
Proposal 9: For numerology-agnostic procedures, a common time unit is defined as the smaller slot interval across the numerologies configured to the UE, referred to as reference slot
Proposal 10: NR-UNIT should be replaced by reference slot in the LCP, BSR, DRX (execution loop) and SPS procedures.
Proposal 11: NR-UNIT should be replaced by “received DL TB” in the procedures activating/de-activating Scells and PDCP duplication.
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Text Proposal for TS 38.321
The below TP includes both changes for replacing NR-UNIT and accounting for Bandwidth Parts.
[bookmark: _Toc491781970][bookmark: _Toc491781989]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Bandwidth Part: a fraction of a carrier bandwidth associated with a numerology. 
HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID.
Reference slot: the smaller slot interval across the numerologies configured to the UE.
Serving Cell: A Primary or a Secondary Cell in TS 38.331 [5].
Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG depending on if the MAC entity is associated to the MCG or the SCG, respectively. Otherwise the term Special Cell refers to the PCell. A Special Cell supports PUCCH transmission and contention based Random Access.
Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL configured, using the same timing reference cell and the same Timing Advance value. A Timing Advance Group containing the SpCell of a MAC entity is referred to as PTAG, whereas the term STAG refers to other TAGs.
[…]
5.1.2	Random Access Resource selection
The MAC entity shall:
1>	if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and it is not 0b000000:
2>	set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
1>	else:
[…]
1>	determine the next available NR-UNITPRACH occasion containing PRACH permitted by the restrictions given by the prach-ConfigIndex;
Editor's note: depending on the RAN1 decision, selection of PRACH resource can be further elaborated.
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
 […]
5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted, the MAC entity shall:
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 first available PDCCH occasion after a fixed duration of [TBD] ms from the end of the first preamble transmissionNR-UNIT that contains the end of the first preamble transmission plus [TBD] NR-UNITs;
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 first available PDCCH occasion after a fixed duration of [TBD] ms from the end of the preamble transmissionNR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;
Editor's note: the above if-statement can be combined since the difference is marginal.
Editor's note: The name of ra-ResponseWindowSizeTimer (which was used in LTE) can be changed later.
Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
 […]

1>	if a downlink assignment for this NR-UNIT PDCCH occasion has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a Backoff Indicator subheader:
[…]
[bookmark: _Toc491781996]5.3.1	DL Assignment reception
Downlink assignments transmitted on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.
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:
Editor's note: Here 'NR-UNIT' would be e.g. 'PDCCH occasion/slot'. Needs to be confirmed by RAN2.
1>	if a downlink assignment for this PDCCH occasion'NR-UNIT' and this Serving Cell and Bandwidth Part has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
2>	if this is the first downlink assignment for this Temporary C-RNTI:
3>	consider the NDI to have been toggled.
2>	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this PDCCH occasion'NR-UNIT'.
Editor's note: Handling of NDI should be discussed and confirmed by RAN1 and RAN2.
Editor's note: SPS details (Handling of DCI for SPS/configured grant, deriving HARQ process ID, etc.) is not captured yet, and to be captured after having RAN2 agreements.
When the MAC entity needs to read BCCH, the MAC entity may, based on the scheduling information from RRC:
1>	if a downlink assignment for this PDCCH occasion'NR-UNIT' has been received on the PDCCH for the SI-RNTI;
2>	indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the HARQ entity for this PDCCH occasion'NR-UNIT'.
Editor's note: RAN1 did not discuss whether to include RV for the SI-RNTI, and the text may need to be updated after having input from RAN1.
[bookmark: _Toc491781997]5.3.2	HARQ operation
[bookmark: _Toc491781998]5.3.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell and Bandwidth Part, which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2). Each HARQ entity operates on a slot duration defined by the numerology of the Bandwidth Part and/or Serving Cell it is associated with.
Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
[…]
The MAC HARQ entity shall:
1>	if a downlink assignment has been indicated for to complete in this 'NR-UNIT'slot:
Editor's note: TTI Bundling for NR is not discussed in RAN2.
2>	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
1>	if a downlink assignment has been indicated for the broadcast HARQ process:
2>	allocate the received TB to the broadcast HARQ process.
[bookmark: _Toc491781999]5.3.2.2	HARQ process
For each 'NR-UNIT'PDSCH transmission 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.

[…]

[bookmark: _Toc491782001]5.4	UL-SCH data transfer
[bookmark: _Toc491782002]5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers.
If the MAC entity has a C-RNTI or a Temporary C-RNTI, the MAC entity shall for each 'NR-UNIT'PDCCH occasion and for each Serving Cell and Bandwidth Part belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this 'NR-UNIT'PDCCH occasion:
Editor's note: Here 'NR-UNIT' would be e.g. 'PDCCH occasion/slot'. Needs to be confirmed by RAN2.
1>	if an uplink grant for this 'NR-UNIT'PDCCH occasion and this Serving Cell and Bandwidth Part has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or
1>	if an uplink grant for this PDCCH occasion'NR-UNIT' has been received in a Random Access Response:
2>	deliver the uplink grant and the associated HARQ information to the HARQ entity for this PDCCH occasion'NR-UNIT'.
Editor's note: Handling of NDI should be discussed and confirmed by RAN1 and RAN2.
Editor's note: SPS details (Handling of DCI for SPS/configured grant, deriving HARQ process ID, etc.) is not captured yet, and to be captured after having RAN2 agreements.
[bookmark: _Toc491782003]5.4.2	HARQ operation
[bookmark: _Toc491782004]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell and Bandwidth Part with configured uplink, which maintains a number of parallel HARQ processes. Each HARQ entity operates on a slot duration defined by the numerology of the Bandwidth Part and/or Serving Cell it is associated with.
Editor's note: The above text is based on RAN2 agreement 'One HARQ entity should be supported in one carrier from RAN2#98.
[…]

For each 'NR-UNIT'slot, the HARQ entity shall:
1>	identify the HARQ process(es) associated with this slot'NR-UNIT', and for each TB of each identified HARQ process:
2>	if an uplink grant has been indicated to start in this slot for this process and this 'NR-UNIT':
[bookmark: _Toc491782005][…]
5.4.2.2	HARQ process
[…]

To generate a transmission for a TB, the HARQ process shall:
1>	if the MAC PDU was obtained from the Msg3 buffer; or
1>	if there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not overlap in timecollide with a transmission for a MAC PDU obtained from the Msg3 buffer in this NR-UNIT:
2>	instruct the physical layer to generate a transmission according to the stored uplink grant.
[…]
[bookmark: _Toc491782006]5.4.3	Multiplexing and assembly
[bookmark: _Toc491782007]5.4.3.1	Logical channel prioritization
[bookmark: _Toc491782008]5.4.3.1.1	General
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-	priority where an increasing priority value indicates a lower priority level;
-	prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
-	bucketSizeDuration which sets the Bucket Size Duration (BSD).
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 × NR-UNIT(reference slot duration) for each NR-UNITreference slot, 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.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.
If the MAC entity is requested to transmit multiple MAC PDUs in UL allocations ending in the same reference slotone NR-UNIT, or if the MAC entity receives the multiple UL grants within the same NR-UNITreference slot, it is up to UE implementation in which order the grants are processed.
[…]
[bookmark: _Toc491782013]5.4.5	Buffer Status Reporting
[…]
The MAC entity shall:
1>	if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission in this NR-UNITreference slot:
[…]
[bookmark: _Toc491782017]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.
RRC controls DRX operation by configuring the following timers:
-	drx-onDurationTimer: the number of consecutive NR-UNIT(s)time interval at the beginning of a DRX Cycle. Unit in milliseconds;
-	drx-InactivityTimer: the number of consecutive NR-UNIT(s)time interval after the NR-UNITreference slot 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)elapsed time until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum number of consecutive NR-UNIT(s)elapsed time 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)amount of time the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum amount of NR-UNIT(s)elapsed time 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)elapsed time before a UL HARQ retransmission grant is expected by the MAC entity.
[…]
When DRX is configured, the MAC entity shall for each NR-UNITreference slot:
Editor's note: From the discussion, it is unclear whether to introduce (DL/UL) HARQ RTT Timer for NR, and further discussion is required.
[…]
1>	if this NR-UNITreference slot is part of  the Active Time:
Editor's note: Half-duplex and measurement gap conditions are not included, and may need to be added later.
2>	monitor the PDCCH occasions within this reference slot;
2>	if the a PDCCH indicates a DL transmission or if a DL assignment has been configured for this NR-UNITreference slot:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process;
2>	if the PDCCH indicates a UL transmission or if a UL grant has been configured for this reference slotNR-UNIT:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process;
2>	if the a PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer.
[…]
[bookmark: _Toc491782018]5.8	Semi-Persistent Scheduling (SPS)
[…]
[bookmark: _Toc491782021]5.8.3	Uplink
Editor's note: The equation to calculate UL grant subframes/NR-UNITs to be added later (after having SFN details).
The MAC entity shall:
1>	if SPS confirmation has been triggered and not cancelled; and
1>	if the MAC entity has UL resources allocated for new transmission for this NR-UNITreference slot:
[…]
[bookmark: _Toc491782022]5.9	Activation/Deactivation of SCells
[…]
The MAC entity shall for each NR-UNITreceived DL TB and for each configured SCell:
1>	if an SCell Activation/Deactivation MAC CE is received in this DL TBNR-UNIT 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-UNITDL TB deactivating the SCell; or
The MAC entity shall for each reference slot and for each configured SCell:

1>	if the sCellDeactivationTimer associated with the activated SCell expires in this NR-UNITreference slot: 
2>	deactivate the SCell;
[…]
[bookmark: _Toc491782023]5.10	Activation/Deactivation of PDCP duplication
[…]
The MAC entity shall for each NR-UNITreceived DL TB and for each DRB configured with duplication:
1>	if a Duplication Activation/Deactivation MAC CE is received in this NR-UNITDL TB 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-UNITDL TB deactivating the PDCP duplication of the DRB:
2>	indicate the deactivation of PDCP duplication of the DRB to upper layers.
[…]
[bookmark: _Toc491782032]6.1.3.1	Buffer Status Report MAC Control Elements
[…]
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 NR-UNITreference slot 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.
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