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1. Introduction
According to RAN1 agreement on PDCCH monitoring and data transmission, we provide consideration on TTI modelling in MAC layer. Following are relative RAN1 agreements for reference.

	RAN1#86bis Agreements:
· sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
· UE-specific DL control information monitoring occasions at least in time domain can be configured

· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots

RAN1#88bis Agreement:
· 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
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note: 1-symbol case may be restricted depending on the BW.

RAN1#88bis Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission
· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols
· FFS: the indicated duration is the number of slots
· FFS: the indicated duration is the numbers of symbols + slots
· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used
· FFS: rate-matching details
· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown



2. Discussion
In LTE, TTI is defined as schedule unit for both downlink control channel and data channel, i.e. within a TTI, there is one PDCCH and PDSCH or PUSCH. One TB is scheduled for one transmission within a TTI. Even for TTI bundling and repetition scheme in NB-IoT and eMTC case, this concept is still valid.
In LTE MAC specification, the term TTI is used for multiple purposes:

TTI Meaning 1: TTI means the PDCCH monitoring occasion:
	LTE MAC specification:
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH and for each Serving Cell:



TTI meaning 2: TTI means data transmission occasion / resource
[bookmark: _GoBack]For SPS, TTI numbering also act as resource index for HARQ process ID mapping.
	LTE MAC specification:
-	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI, or Temporary C‑RNTI:
…
For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following equation:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number].


	LTE MAC specification:
The MAC entity shall for each TTI and for each configured SCell:
-	if the MAC entity receives an Activation/Deactivation MAC control element in this TTI activating the SCell, the MAC entity shall in the TTI according to the timing defined in [2]:



TTI meaning 3: TTI duration is used as time unit
	LTE MAC specification:
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 duration for each TTI, 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, where PBR and BSD are configured by upper layers.



Observation 1: In LTE MAC specification, TTI is the scheduling unit in time domain for both downlink control channel and downlink/uplink data channel. The term TTI is used as PDCCH monitoring occasion, data transmission occasion, or time unit.

In NR, the downlink control channel is different to LTE in follow aspects according to current RAN1 progress: 
1. One UE may be configured with multiple numerologies for different service requirement. For a specific numerology, downlink control channel monitoring occasion of slot level and mini-slot level (symbol level) can be configured.
2. For each numerology and schedule level, one or more set of downlink channel monitoring occasion configuration can be configured.
3. For a specific set of downlink control channel monitoring occasion configuration, the downlink control channel monitoring occasions are mapped on frequency-time resource which is called control resource set (CORESET). 
4. The downlink control monitoring occasion is configured semi-statically or dynamically. 

Following figure show the concept of downlink control channel configuration for a UE in NR. In this example, 3 sets of downlink control channel monitoring occasion are configured for a UE. Each set is mapped on different CORESET with different time-frequency resources. On numerology 2, UE is configured with one slot level PDCCH monitoring occasion and one mini-slot level PDCCH monitoring occasion.


Figure 1.Illustration of downlink control channel configuration in NR

Thus, the slot and mini-slot is the time domain schedule unit for slot level and mini-slot level downlink control channel respectively. Although the location and frequency resource of downlink control channel within a slot or mini-slot varies, these details should be transparent to MAC. 
Observation 2: For a specific numerology, slot or mini-slot is the scheduling unit in time domain for downlink control channel.

While for data transmission in NR, the position and duration of a scheduled data transmission is also configurable by dynamic or semi-static signaling. Further, data transmission can be scheduled to span one or more slots according to agreements in RAN1#86bis. 
There are several potential cases of data transmission which are still under discussion in RAN1.

Case 1: one TB is mapped to one slot/mini-slot by one scheduling. Data channel position and duration within a slot/mini-slot is configured dynamically or semi-statically. This is the basic data transmission case.


Figure 2.Illustration of data transmission case 1

Case 2: N TBs are mapped to N slots/mini-slots by one scheduling DCI. Each TB is transmitted in one slot/mini-slot. In the example as in figure 3, one TB is transmitted independently in one of the aggregated slots respectively. 


Figure 3.Illustration of data transmission case 2

Case 3: one TB is mapped to M slots by one scheduling. The same TB is transmitted M times in M slots/mini-slots, with varying RV for each transmission.


Figure 4.Illustration of data transmission case 3

In case 1 to case 3, one TB is scheduled for one transmission within a slot or mini-slot. Although data channel position and duration is dynamically or semi-statically configured and varies from transmission to transmission, one specific transmission occurs within a slot or mini-slot time duration. In this sense, slot and mini-slot can still be regarded as the scheduling unit for data channel.
Observation 3: For a specific numerology, slot and mini-slot is the time domain unit for data channel scheduling, i.e. one TB is transmitted within a slot or mini-slot duration.
 
Based on the observations above, the term TTI is still applicable for NR if we define TTI as the schedule unit for PDCCH and data channel of a specific scheduling level of a specific numerology. Then, the TTI duration presents the PDCCH monitoring occasion period for a specific PDCCH monitoring occasion configuration. 

RAN2 already agreed there is mapping between DRB and numerology/TTI duration. And for LCP, it agreed the transmission profile includes numerology/TTI duration. With the definition of TTI duration as above, there are two meanings of TTI duration for LCP processing. One meaning is the scheduling level, i.e. how frequent can data be scheduled. The other meaning is the data channel duration which impact transmission and processing delay.
Thus, different TTI duration means the difference in both PDCCH scheduling frequency and data channel duration.

Proposal 1: To reuse term TTI for NR MAC specification. In NR, TTI presents the schedule unit for PDCCH, and TTI duration presents the PDCCH monitoring occasion period of a specific scheduling level of a specific numerology.
Proposal 2: In NR, TTI also presents the scheduling unit for UL/DL data channel and TTI duration also presents data channel length of a specific scheduling level of a specific numerology.

By this kind of definition of TTI for NR, current LTE specification can be reused as following example:
TTI act as PDCCH monitoring occasion:
	LTE MAC specification: 
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH and for each Serving Cell:

	Use TTI for NR MAC specification:
When the MAC entity has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the MAC entity shall for each TTI during which it monitors PDCCH for each numerology and TTI duration and for each Serving Cell:



TTI as data transmission occasion:
	LTE MAC specification: 
The MAC entity shall for each TTI and for each configured SCell:
-	if the MAC entity receives an Activation/Deactivation MAC control element in this TTI activating the SCell, the MAC entity shall in the TTI according to the timing defined in [2]:

	Use TTI for NR MAC specification:
The MAC entity shall for each TTI of each numerology and TTI duration and for each configured SCell:
-	if the MAC entity receives an Activation/Deactivation MAC control element in this TTI activating the SCell, the MAC entity shall in the TTI according to the timing defined in [2]:



3. Conclusion
Based on the RAN1 progress in downlink control channel monitoring and data transmission, some difference between LTE and NR are observed. In spite of the difference, we can find term TTI is still applicable for NR MAC specification.
Observation 1: In LTE MAC specification, TTI is the scheduling unit in time domain for both downlink control channel and downlink/uplink data channel. The term TTI is used as PDCCH monitoring occasion, data transmission occasion, or time unit.
Observation 2: For a specific numerology, slot or mini-slot is the scheduling unit in time domain for downlink control channel.
Observation 3: For a specific numerology, slot and mini-slot is the time domain unit for data channel scheduling, i.e. one TB is transmitted within a slot or mini-slot duration.

Based on observation above, we propose the definition of TTI and TTI duration in NR: 
Proposal 1: To reuse term TTI for NR MAC specification. In NR, TTI presents the schedule unit for PDCCH, and TTI duration presents the PDCCH monitoring occasion period of a specific scheduling level of a specific numerology.
Proposal 2: In NR, TTI also presents the scheduling unit for UL/DL data channel and TTI duration presents data channel length of a specific scheduling level of a specific numerology.
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