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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
This contribution investigates design considerations support flexible numerology in NR; especially about time unit for other MAC operations not relating to scheduling/HARQ in RAN2.
2. 	Time Unit for Some MAC Operations – non-scheduling
In companion discussion paper [2], we proposed to use TTI terminologies with some redefinition to adapt to flexibility of NR frame structure. In LTE, TTI is used with subframe inter-changeably, since actual values of two are same and not changed. For example, PDCCH/PDSCH reception for DL-SCH data transfer is described by TTI, while same for RA procedure is described in subframe, though two procedures are similarly involved PDCCH/PDSCH reception. Therefore we need to check current use of TTI/subframe and replace them properly. Regarding subframe, it is used in LTE for PRACH, SI reception, SPS periodicity, DRX, or etc. In NR, we may follow the same principle. Even though DRX seems tightly related operation to PDCCH/PDSCH reception, RAN2 already agreed to use numerology-independent time unit. Exact time unit can be discussed in DRX section. Regarding TTI and its use, please refer to appendix below or the companion paper [3].
Observation 1: In LTE, subframe is used with TTI inter-changeably.
Observation 2: subframe in LTE MAC specification is used for PRACH, SI reception, SPS periodicity, DRX.
Observation 3: Regarding DRX, RAN2 already agreed to use numerology-independent time unit.
Proposal 1: RAN2 uses subframe to replace NR-UNIT for MAC operations not tightly relating to PDCCH/PDSCH reception and PUSCH transmission. The following table is a baseline:
	Section
	Subframe usage in LTE MAC
	Possible replacement for NR-UNIT

	5.1 Random Access procedure
	PRACH occasion in 5.1.2
PDCCH/PDSCH reception or PRACH occasion in 5.1.4
	Slot/subframe

	5.3 DL-SCH data transfer
	SI reception
	Slot/subframe

	5.4 UL-SCH data transfer
	SPS periodicity
	Slot/subframe

	5.7 Discontinuous Reception
	Timer handling; PDSCH reception; PDCCH monitoring
	Subframe and Slot

	5.10 Semi-Persistent Scheduling
	Calculating configured assignment/grant occurrence
	Slot/subframe

	5.20 Preallocated uplink grant
	Calculating configured assignment/grant occurrence
	Slot/subframe


  
3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: In LTE, subframe is used with TTI inter-changeably.
Observation 2: subframe in LTE MAC specification is used for PRACH, SI reception, SPS periodicity, DRX.
Observation 3: Regarding DRX, RAN2 already agreed to use numerology-independent time unit.
Proposal 1: RAN2 uses subframe to replace NR-UNIT for MAC operations not tightly relating to PDCCH/PDSCH reception and PUSCH transmission. The following table is a baseline:
	Section
	Subframe usage in LTE MAC
	Possible replacement for NR-UNIT

	5.1 Random Access procedure
	PRACH occasion in 5.1.2
PDCCH/PDSCH reception or PRACH occasion in 5.1.4
	Slot/subframe

	5.3 DL-SCH data transfer
	SI reception
	Slot/subframe

	5.4 UL-SCH data transfer
	SPS periodicity
	Slot/subframe

	5.7 Discontinuous Reception
	Timer handling; PDSCH reception; PDCCH monitoring
	Subframe and Slot

	5.10 Semi-Persistent Scheduling
	Calculating configured assignment/grant occurrence
	Slot/subframe

	5.20 Preallocated uplink grant
	Calculating configured assignment/grant occurrence
	Slot/subframe
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Appendix A

Possible replacement for NR-UNIT by TTI
	Section in LTE MAC
	TTI usage in LTE MAC
	Possible replacement for NR-UNIT

	5.1 Random Access procedure
	PDCCH/PDSCH reception 
	New TTI

	5.3 DL-SCH data transfer
	PDSCH/PDCCH reception; 
(HARQ process id derivation)
	New TTI

	5.4 UL-SCH data transfer
	PDCCH reception or PUSCH transmission
(HARQ process id derivation)
	New TTI
 

	5.4.3 Logical channel prioritization
	TTI are used in two cases; 1) to calculate PBR, 2) for PUSCH transmission
	New TTI

	5.4.4 Scheduling Request
	PUCCH/PUSCH transmission
	New TTI

	5.4.5 Buffer Status Reporting
	PUSCH transmission
	New TTI

	5.4.6 Power Headroom Reporting
	PUSCH transmission
	New TTI

	5.10.2 Semi-Persistent Scheduling
	PUSCH transmission
	New TTI

	5.13 Activation/Deactivation of SCells
	PDSCH reception
	New TTI






Appendix B

During RAN1/2 meetings in SI/WI phase, the following agreements were achieved regarding frame structure in NR
-------------------------------------------------------------------------------------------------------------------------------------------
RAN1 Agreements (TR38.912)
The following should be taken into account for designing slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different Ues
-	At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
-	At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback
The following should be taken into account as starting point for designing mini-slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different Ues
-	DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
-	UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
Asynchronous and adaptive DL HARQ is supported at least for eMBB and URLLC.
In URLLC, for an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. RS is transmitted together with data.
For URLLC, time interval between SR resources configured for a UE can be smaller than a slot.
At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users.

RAN1 Agreements (#88b)
· 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 Agreements (#88b)
· 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

RAN1 Agreements (#89)


Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols
·  The configuration can indicate the starting OFDM symbol and time duration
· A CORESET is configured with only one CCE-to-REG mapping


RAN1 Agreements (#90)

Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
This replaces the past working assumption linking DMRS position to bandwidth X

Agreements:
· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· One-slot case:
· Starting symbol and ending symbol in the slot.
· Which slot it applies to
· Multi-slot case:
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment

Agreements:
· Remove the support for 7-symbol slots from NR
· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling
· RAN1 recommends to define test cases for following cases:
· Slot-based scheduling for downlink
· The first DMRS position of the PDSCH is fixed on the 3rd or 4th symbol of the slot
· Non-slot-based scheduling for downlink
· The first DMRS position of the PDSCH is the 1st symbol of the scheduled data
· At least PDSCH durations of 2, 4, and 7 OFDM symbols including DMRS are recommended to be specified
· Note: the LS includes the motivations of selected values
· Note: Final decision is up to RAN4

RAN1 Agreements (AH#3)

Agreements:
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions
Agreements:
1. The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)
1. FFS BWP related information for frequency domain resource allocation
Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
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