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1. Introduction
RAN#75 in March approved a 5G WID [1] on New Radio (NR) 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).
During RAN1/2 meetings in SI/WI phase, the following agreements in TR38.912 were achieved regarding frame structure in NR:
-------------------------------------------------------------------------------------------------------------------------------------------
Mini-slots having the following lengths are defined.
-	At least above 6 GHz, mini-slot with length 1 symbol supported.
-	Lengths from 2 to slot length -1
-	For URLLC, at least 2 is supported
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
-------------------------------------------------------------------------------------------------------------------------------------------
This contribution investigates impacts to MAC from the configuration of the data transmission duration;
2. 	Discussion on DL Control and MAC Impacts
2.1 Slot/Mini-slot, DL control and related RAN2 aspects
RAN1 agreed on general principles and some candidate values for slot/mini-slot. However many detailed issues are still open. Key debate comes from whether or not slot length is fixed like current LTE. In LTE, the number of symbols in a slot is either 6 or 7 symbol which is fixed depending CP length. In NR, configurability between 7 and 14 on the slot length is under discussion to support low latency. On the other hand, motivation to introduce mini-slot is same as that for variable slot length, but can express shorter time unit than that slot can. The length of mini-slot spans 2 symbols to slot length – 1 symbol. For above 6 GHz, 1 symbol mini-slot is supported. Essential difference between slot and mini-slot is related to UE capability. Note that some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions. The implication is that all UE should support all defined slot lengths. At least a DL/UL control channel design is common for both slot and mini-slot level scheduling/HARQ timeline. This does not preclude a separate DL/UL control channel design per each slot or mini-slot level.
Observation 1: RAN1 has worked for slot and mini-slot structures/configurations to support flexible scheduling and HARQ timeline. From the UE capability point of view, all specified parameters of a control channel set for mini-slot is not mandatory.
Regarding scheduling and HARQ timeline, exact procedure is not clear yet. Some agreements are very generic and some are not well understood due to vague expression. Nonetheless, possible implications to us from TR38.912 are as followings:
· gNB may indicate DL assignment / UL grant for either slot-level scheduling or mini-slot-level scheduling at a DL control channel for slot-level scheduling. 
· gNB indicates DL assignment / UL grant for mini-slot-level scheduling at a DL control channel for mini-slot-level scheduling. 
· UE may send UCI feedback for either slot-level scheduling or mini-slot-level scheduling at a UL control channel for slot-level scheduling. 
· UE sends UCI feedback for mini-slot-level scheduling at a UL control channel for mini-slot-level scheduling. 
· The default scheduling/HARQ timeline is configured in either slot-level or mini-slot level.
Note that at least DL control channel can be shared for slot-level and mini-slot-level scheduling by distinguishable searching space in DL control resource set per numerology. Sharing of UCI feedback can allow changing slot-level HARQ timeline to mini-slot-level HARQ timeline or vice versa.
Observation 2: An implication to RAN1 agreements on scheduling/HARQ timeline so far is that UE is configured for scheduling/HARQ timeline with various levels (i.e. slot or mini-slot) and the DL/UL control channels can be shared for multiple scheduling/HARQ timelines with different level.
At last RAN1#88b, RAN1 agreed on “DL control channel monitoring” occasion with respect to slot-level or mini-slot level scheduling/HARQ timeline. In addition, the data transmission duration is agreed – the duration of a data transmission in a data channel. The data transmission duration can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. It implies that conventional term “TTI” is understood to RAN1 based on two factors, DL control channel monitoring occasion and data transmission duration. This separation is because resource sharing between different service/numerology is one requirement to pursue. Regarding how to understand dynamic change of numerology to MAC, you can refer to the companion contribution [2]. We investigate possible operating cases for scheduling/HARQ below.
Observation 3: The role of “TTI” in LTE may be enabled by “DL control channel monitoring occasion” and “data transmission duration” which are RAN1-defined terms.
In case that both DL control channel monitoring occasion and data transmission duration are configured to UE in semi-static manner, network configures those parameters to the UE via RRC in either slot-level or mini-slot-level. For example, eMBB UE is configured in a number of slots for both monitoring occasion and transmission duration. URLLC UE can be configured similarly in mini-slot-level (i.e. symbol-level).
In case of dynamic configuration, network configures them to the UE via DL control channel (i.e. PDCCH) for any level of scheduling/HARQ.  
There is no/less impact to UE from semi-static configuration which is actually nothing different from LTE. Dynamic configuration, however, may give impacts to MAC operations/procedures. Dynamic change of timeline is not easily supported simply under the condition of control signaling error or DRX. 
Observation 4: Dynamic configuration of DL control channel monitoring occasion and transmission duration may lead to complicated scheduling/HARQ procedure due to the uncertainty of monitoring occasion subject to signaling error or DRX.
To restrict the uncertainty, we assume that at least some portion of monitoring occasion should be configured in semi-static manner. As an instance, RRC can configure the basic monitoring occasion periodically and DL control channel at the basic monitoring occasion can configure additional monitoring occasion which is varied in terms of occasion as well as transmission duration. In other word, dynamic range of monitoring occasion is restricted within RRC-configured monitoring occasions. Someone may argue that dynamic configuration in symbol-level can be granted to L1, but it may be harmful to stable MAC operations due to increased uncertainty and burden for handling.
Proposal 1: Network can configure monitoring occasion and/or transmission duration to UE via RRC in either slot-level or symbol-level.
Proposal 2: RAN2 works for MAC functions such as HARQ and DRX at first based on the assumption of semi-static configuration for the monitoring occasion and the transmission duration.
Observation 5: Dynamic configuration of DL control channel monitoring occasion can be restricted between semi-statically-configured monitoring occasions.
Proposal 3: Range of dynamic configuration for DL control channel monitoring occasion is restricted within the interval between two RRC-configured monitoring occasions.
Meanwhile, UE behaviors configured by RRC and DL control channel may be conflicted. For example, a UE may be configured to transmit or receive data for the transmission duration, but already configured via RRC to monitor DL control at the overlapped point to the data transmission duration. RAN2 needs to discuss about how to manage those conflicts.
Proposal 4: RAN2 further discusses about how to avoid conflict of UE behavior between RRC and DL control channel configurations.

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

Observation 1: RAN1 has worked for slot and mini-slot structures/configurations to support flexible scheduling and HARQ timeline. From the UE capability point of view, all specified parameters of a control channel set for mini-slot is not mandatory.
Observation 2: An implication to RAN1 agreements on scheduling/HARQ timeline so far is that UE is configured for scheduling/HARQ timeline with various levels (i.e. slot or mini-slot) and the DL/UL control channels may be shared for multiple scheduling/HARQ timelines with different level.
Observation 3: The role of “TTI” in LTE may be enabled by “DL control channel monitoring occasion” and “data transmission duration” which are RAN1-defined terms.
Observation 4: Dynamic configuration of DL control channel monitoring occasion and transmission duration may lead to complicated scheduling/HARQ procedure due to the uncertainty of monitoring occasion subject to signaling error or DRX.
Observation 5: Dynamic configuration of DL control channel monitoring occasion can be restricted between semi-statically-configured monitoring occasions.

Proposal 1: Network can configure monitoring occasion and/or transmission duration to UE via RRC in either slot-level or symbol-level.
Proposal 2: RAN2 works for MAC functions such as HARQ and DRX at first based on the assumption of semi-static configuration for the monitoring occasion and the transmission duration.
Proposal 3: Range of dynamic configuration for DL control channel monitoring occasion is restricted within the interval between two RRC-configured monitoring occasions.
Proposal 4: RAN2 further discusses about how to avoid conflict of UE behavior between RRC and DL control channel configurations.
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