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1 Introduction

The NR frame structure and the PDCCH resource design have been discussed extensively by RAN1 in previous meetings. Accordingly, RAN1 has sent the following LS to RAN2 [1]: 
	A summary of the PDCCH design relevant to RAN2 is provided below:

· Subframes and slots

· A subframe has a duration of 1 ms regardless of the numerology and serves as a time reference only (and is not a scheduling unit).

· A slot is 7 or 14 OFDM symbols long (for normal cyclic prefix) and the duration in ms will therefore depend on the numerology used. Extended cyclic prefix is supported for 60 kHz subcarrier spacing only with corresponding slot lengths of 6 or 12 symbols. Slots of length 7 (or 6) symbols are supported for subcarrier spacings of 15 kHz, 30 kHz, and 60 kHz only. 

· PDCCH candidates are monitored using search spaces where a search space uses resources in a control resource set (CORESET)

· One or multiple (CORESETs) can be configured for a UE. 

· The CORESET bandwidth is smaller than or equal to the carrier bandwidth

· Working assumption that the CORESET duration is configurable; 1-2 OFDM symbols for carrier bandwidths >X resource blocks and 1-3 OFDM symbols for bandwidths ≤X resource blocks where X is FFS.

· One CORESET is configured by the MIB in the PBCH

· For a CORESET which is configured by UE-specific higher-layer signalling, at least the following parameters are configured,
· Frequency-domain resources, which may or may not be contiguous
· Starting OFDM symbol and time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· For a CORESET which is configured by UE-specific higher-layer signalling, the occasions where a UE should monitor for PDCCH candidates (‘PDCCH monitoring occasion’) are configurable

· The configuration details are not yet agreed

· A UE can be configured to monitor for PDCCH candidates more frequently than once per slot and support data transmissions covering only part of a slot.

· A UE can be configured to monitor the PDCCH on one or more beam pair links in the same or in different symbols




Further, the following agreements were made on PDCCH monitoring and scheduling [2]:
	Agreements: (RAN1 NR AH2)
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value
· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.

· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology

· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.

· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.

· When numerology is different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.



This contribution discusses how to capture RAN1’s PDCCH monitoring modelling in MAC, and how to differentiate different timing terminologies in TS 38.321.
2 Discussion
In LTE, the following terms are used in LTE MAC 36.321 specifications to refer to timing-related aspects [4]:

· TTI refers to the current transmission time interval. Its duration is common for PDCCH, PDSCH, and PUSCH. 

· Subframe is a period corresponding to 1 ms.

· PDCCH Subframe refers to a subframe with PDCCH. This represents the union over PDCCH-subframes for all serving cells excluding cells configured with cross carrier scheduling for both uplink and downlink.

· PDCCH period is the interval between the start of two consecutive PDCCH occasions. Depends on the currently used PDCCH search space.

In LTE MAC, a TTI and a subframe both correspond to the same time duration of 1 ms. Both can refer to a 1 ms period associated to different physical channels including the shortest possible interval between two PDCCH occasions, the duration of the transmission of a transport block on PDSCH or PUSCH, or the time-domain scheduling granularity [4]. 
Observation 1:
In LTE, a TTI or a subframe refers to the shortest possible period between two consecutive PDCCH monitoring occasions, or to the transmission duration for a transport block on PUSCH or PDSCH.
For NR however, the PDSCH or PUSCH duration for the transmission of a transport block can vary between a mini-slot, a slot, or multiple slots [5]. In addition, RAN1 agreed that the UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel [3]. Therefore, the UE can be configured to monitor the PDCCH on PDCCH monitoring occasions once every number of slots, i.e. on a subset of PDCCH monitoring candidates.
Observation 2:
A NR UE can be configured by higher layer signalling to monitor a PDCCH on a subset of monitoring candidates in the time domain, known as “PDCCH monitoring occasions”.
Observation 3: 
In NR, the time period between PDCCH monitoring occasions and the PDSCH/PUSCH transmission duration may have different time durations. 

Given the above, different terms should be used in TS 38.321 to refer to the timing associated with physical control channel processing (e.g., for PDCCH and PDCCH monitoring occasions), to the timing associated with physical data channel processing (e.g., for PDSCH, PUSCH transmissions) and to the timing of PRACH processing.

More specifically, the following terminology could be considered for NR MAC:
1. “Subframe” shall only be used to convey a fixed time duration of 1 ms.
2. “Transmission duration” or “TTI duration”:
· Refers to the transmission duration of scheduled data on data physical channels (PDSCH/PUSCH). Such terminology is in line with what RAN1 is using in their scheduling discussions [2].

· TTI corresponds to the period starting from the first symbol of the transmission for the applicable physical channel (e.g. PDSCH, PUSCH) and ending after its transmission duration.

Proposal 1: 
“Transmission duration” or “TTI duration” refers to the duration of a data transmission PDSCH/PUSCH in TS 38.321.

3.  “PRACH occasion”: a slot in which the UE is configured with a PRACH transmission occasion. A PRACH transmission occasion is the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam.
Proposal 2:
“PRACH occasion” refers to one or more slot(s) configured with a PRACH resource supporting the transmission of a single preamble, in TS 38.321 (instead of “NR-UNIT” or “TTI”).
4.  “PDCCH occasion”:

· A time period (e.g. one or more symbols) for which the UE is configured to monitor for PDCCH on a specific CORESET.
· In connected mode, the UE can be configured with a PDCCH period, signalled via UE-specific RRC signalling, which sets the period between two PDCCH occasions. The MAC entity shall use the default monitoring period otherwise.
· Examples on where to be used: MAC timers and occasions relating to receiving control information from the PDCCH. This includes C-DRX timers, DL/UL resource assignment, signalling HARQ information. Depending on further discussion on power saving, it is FFS if PDCCH occasion in NR MAC corresponds to the union for all CORESETs for a UE configured with multiple CORESETs.
· Example: if a MAC timer is configured to be triggered once every 4 PDCCH periods, and the UE is configured by dedicated RRC to monitor the corresponding PDCCH/CORESET every other slot, this MAC timer is triggered every 8 slots.
Proposal 3:
“PDCCH occasion” refers to a time period (e.g. one or more symbols) for which the UE is configured to monitor for PDCCH on a specific CORESET in TS 38.321.
Proposal 4:
“PDCCH occasion” is used instead of “NR-UNIT” or “TTI” when referring to a time occurrence during which the UE is configured to monitor PDCCH, in TS 38.321.

Proposal 5:
“PDCCH period” is used as clocking unit instead of “NR-UNIT”, “TTI”, or “PDCCH subframe” for timers when counting time for which the UE is required to monitor PDCCH in TS 38.321.

Appendices A and B include sample text proposals based on TS 38.321 [4] and TS 36.321 [7] respectively. The text proposals demonstrate how the above proposals can be implemented into the NR MAC TS 38.321 specifications.

3 Conclusion

In this contribution the following observations and proposals were made regarding timing aspects in MAC:
Observation 1:
In LTE, a TTI or a subframe refers to the shortest possible period between two consecutive PDCCH monitoring occasions, or to the transmission duration for a transport block on PUSCH or PDSCH.
Observation 2:
A NR UE can be configured by higher layer signalling to monitor a PDCCH on a subset of monitoring candidates in the time domain, known as “PDCCH monitoring occasions”.

Observation 3: 
In NR, the time period between PDCCH monitoring occasions and the PDSCH/PUSCH transmission duration may have different time durations. 

Proposal 1: 
“Transmission duration” or “TTI duration” refers to the duration of a data transmission PDSCH/PUSCH in TS 38.321.
Proposal 2:
“PRACH occasion” refers to one or more slot(s) configured with a PRACH resource supporting the transmission of a single preamble, in TS 38.321 (instead of “NR-UNIT” or “TTI”).
Proposal 3:
“PDCCH occasion” refers to a time period (e.g. one or more symbols) for which the UE is configured to monitor for PDCCH on a specific CORESET in TS 38.321.
Proposal 4:
“PDCCH occasion” is used instead of “NR-UNIT” or “TTI” when referring to a time occurrence during which the UE is configured to monitor PDCCH, in TS 38.321.

Proposal 5:
“PDCCH period” is used as clocking unit instead of “NR-UNIT”, “TTI”, or “PDCCH subframe” for timers when counting time for which the UE is required to monitor PDCCH in TS 38.321.
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5 Appendix A: Sample Text Proposals based on 38.321

[The following text proposals are added for demonstration motives only]
 [Unchanged text is not included]
5.1.2

Random Access Resource selection

1>
determine the next available NR-UNIT PRACH occasion containing PRACH;

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.

5.9

Activation/Deactivation of SCells

The MAC entity shall for each NR-UNIT PDCCH occasion and for each configured SCell:
1>
if an Activation/Deactivation MAC CE is received in this NR-UNIT PDCCH occasion activating the SCell: […]
1>
else if an Activation/Deactivation MAC CE is received in this NR-UNIT PDCCH occasion deactivating the SCell; or

1>
if the sCellDeactivationTimer associated with the activated SCell expires in this NR-UNIT PDCCH occasion:  […]
5.10
Activation/Deactivation of PDCP duplication
The MAC entity shall for each NR-UNIT PDCCH occasion and for each configured DRB:
1>
if a Duplication Activation/Deactivation MAC CE is received in this NR-UNIT PDCCH occasion 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-UNIT PDCCH occasion deactivating the PDCP duplication of the DRB:

2>
indicate the deactivation of PDCP duplication of the DRB to upper layers.
5.7

Discontinuous Reception (DRX)
[…] RRC controls DRX operation by configuring the following timers:

-
drx-onDurationTimer: the number of consecutive NR-UNIT(s)PDCCH periods at the beginning of a DRX Cycle;

-
drx-InactivityTimer: the number of consecutive NR-UNIT(s)PDCCH periods after the NR-UNIT PDCCH occasions in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;

-
drx-RetransmissionTimerDL: the maximum number of consecutive NR-UNIT(s) PDCCH periods until a DL retransmission is received;

-
drx-RetransmissionTimerUL: the maximum number of consecutive NR-UNIT(s) PDCCH periods until a grant for UL retransmission is received;

-
drx-LongCycle: the Long DRX cycle;

-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the number of consecutive NR-UNIT(s) subframes the UE shall follow the Short DRX cycle. […]
When DRX is configured, the MAC entity shall for each NR-UNIT PDCCH occasion:

1>
if drx-InactivityTimer expires:

Editor's note: To use DRX Command MAC CE (in LTE) is missing above.
2>
if the Short DRX cycle is configured:

3>
start or restart drx-ShortCycle;

3>
use the Short DRX Cycle.

2>
else:

3>
use the Long DRX cycle.

1>
if drx-ShortCycle expires or has expired in this NR-UNIT PDCCH occasion:

2>
use the Long DRX cycle.

1>
if the Short DRX Cycle is used, and


// an equestion to calculate the Short DRX cycle starting point; or

1>
if the Long DRX Cycle is used, and


// an equestion to calculate the Long DRX cycle starting point:

Editor's note: equations to calculate the starting point of On Duration to be added later (after having NR SFN definition).
2>
start drx-onDurationTimer.

1>
if this NR-UNIT PDCCH occasion 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;

2>
if the PDCCH indicates a new transmission (DL or UL):

3>
start or restart drx-InactivityTimer. […]
6 Appendix B: Sample Text Proposals based on 36.321

[The following text proposals are added for demonstration motives only]
5.3
DL-SCH data transfer

5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on the DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH PDCCH occasion: […]

5.4
UL-SCH data transfer

5.4.1
UL Grant reception

In order to transmit on the UL-SCH the UE must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers.

When timeAlignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each UL TTI:

-
if an uplink grant for this TTI has been received on the PDCCH for the UE’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response: […]

-
else, if an uplink grant for this TTI has been configured: […]
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