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Introduction
NR shall support flexible scheduling mechanisms that enable dynamic timing relationships between control assignments and data transmission and/or HARQ timing. A framework to actualize this design principle has been built over the past few RAN1 meetings. For instance it was previously agreed that the timing between DL/UL assignment and the corresponding data transmission is indicated by a field in the DCI from a set of values configured by higher layers. It was also agreed to study determination of DL/UL timing relationships when the scheduling DCI is detected in a group-common search space. More recently, RAN1 #88bis agreed on other aspects affecting time-domain resource allocation as follows [1]:  
	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.
· 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



This contribution discusses outstanding details of DL/UL time domain data resource allocation. In addition we look into default timing for cases where configured timing values are unknown.

Time domain resource allocation
It was agreed at RAN1 #88bis that the duration of a data transmission can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission. Dynamic signaling can indicate the starting symbol and either the duration or the ending symbol of the transmission. For a 14-symbol slot, 4 bits would be required for all possible locations of the starting symbol. More efficient signaling should be considered to reduce the total number of bits required for time-frequency resource allocation. A first step towards this goal is to re-examine the concept of a TTI.

In LTE a TTI defines the minimum transmission duration of a transport channel and is also equivalent to a subframe. In contrast NR specification shall support flexible transmission durations ranging from 1 symbol to an aggregation of slots. This is a rather loose definition of a TTI, where even for a single UE different data transmission durations are possible for a given numerology. A set of TTI lengths could be defined based on the offered service type. However, the specification does not have to define valid TTI durations in terms of offered service. It is sufficient to specify the TTIs that are possible for a given UE. With this approach a combination of semi-static and dynamic signaling can be used to indicate a data TTI at a given time instance. 

In addition data transmission can be scheduled in a future slot or over an aggregation of slots. One motivation for slot aggregation was to ensure reliable reception in a given numerology – e.g. through sufficient energy accumulation – over the same time duration as a reference numerology of shorter duration. For example, for the same UL coverage conditions, NR-PUCCH transmission over 4 slots using 60 KHz subcarrier spacing may be required to achieve similar HARQ-ACK detection performance as for LTE PUCCH. Similarly to frequency allocation for a UE that does not support the carrier bandwidth two-part signaling can also be considered for time-domain where a first part indicates the slot while the second part indicates the subset of symbols in the indicated slot. 

Efficient signaling of the data TTI duration within a slot or for slot aggregation can be realized by defining a table of valid transmission durations including starting symbol and duration or ending symbol. A field in the scheduling DCI can then be an index or pointer to an entry in the table. 

Proposal 1: 
· A set of valid data TTIs can be semi-statically configured for a UE, where each entry defines a starting symbol and either the TTI duration or ending symbol within a slot or a subsequent slot. 
· A time domain resource allocation field in the scheduling DCI can be a pointer to an entry in the set.

An important aspect to signaling flexible TTI durations is the timing reference. One possibility is that the timing is relative to a boundary e.g. a slot boundary or subframe boundary. A slot boundary works well when DL control and data use the same numerology. One limitation to using the slot boundary as a reference is when a control resource set is not mapped to the beginning of a slot for the same numerology. This scenario occurs if a UE is configured to monitor the NR-PDCCH at multiple locations within a slot as discussed in [2]. Figure 1 reproduced from [2] describes a scenario with two control resource sets are each configured with multiple monitoring occasions within a 14-symbol slot. For such cases, the timing can be with respect to the slot boundary or it can also be with respect to the first symbol of the control resource set.
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[bookmark: _Ref481483220]Figure 1 Illustration of monitoring occasions for two configured control resource sets in a slot
Proposal 2: signaling of TTI duration is either with respect to a slot boundary or with respect to the first symbol of a control resource set.

UE behavior for different timing relationships 
Flexible signaling of timing relationships is not without some drawbacks. UE behavior must be specified for cases where dynamic HARQ timing – including both scheduling and HARQ-ACK feedback – is either unknown (e.g. initial access) or is yet to be configured. There is also some concern that the DCI overhead to support flexible timing relationships may not be needed in some scenarios. This led to a proposal at RAN1 #88bis to semi-statically configure a UE with a single timing value between a DCI and the corresponding data transmission, and between DL transmission and the corresponding HARQ-ACK feedback. 
In principle such a proposal makes sense from a signaling overhead perspective but the applicability would at least depend on frame structure. An example is TDD, where a fixed HARQ-ACK timing is not possible for dynamically varying transmission directions, whereas for dedicated FDD usage, fixed timing is appropriate.
A different, but related issue is the specification of timing relationships in scenarios where the set of timing values has either not been configured for the UE, is unknown/ambiguous, or the UE receives DCI in a group-common search space. Such scenarios include scheduling of system information, scheduling timing of RA Msg3, HARQ-ACK feedback timing associated with RA Msg4, and during RRC reconfiguration.
For initial access it should be possible to define a fixed timing between DCI and the corresponding DL data transmission. However, for any scheduling timing or HARQ-ACK feedback timing for which the response is in a future slot, it may be beneficial to include timing fields in the DCI at least for TDD. A default set of timing values can be configured in unscheduled broadcast information or can be fixed by specification. Then, the timing field in a DCI transmitted in a group common search space indicates one of these values. Note that providing a single value by broadcast is a special case of providing a set of values. Subsequently, dedicated RRC signaling may configure a separate set of values, one of which is indicated by a DCI transmitted in a UE-specific search space.
Proposal 3: 
· For scheduling timing and/or DL HARQ-ACK timing with response in a future slot, a DCI transmitted in at least a group common search space indicates one out of a set of timing values provided by system information.
· The set can consist of a single value in which case the corresponding timing field is not needed in the DCI.

Conclusion
This contribution discussed details for UL/DL time domain resource allocation. In addition some views on default timing relationships were also presented. The following proposals are the outcome of the discussion.
Proposal 1: 
· A set of valid data TTIs can be semi-statically configured for a UE, where each entry defines a starting symbol and either the TTI duration or ending symbol within a slot or a subsequent slot. 
· A time domain resource allocation field in the scheduling DCI can be a pointer to an entry in the set.

Proposal 2: signaling of TTI duration is either with respect to a slot boundary or with respect to the first symbol of a control resource set.
Proposal 3: 
· For scheduling timing and/or DL HARQ-ACK timing with response in a future slot, a DCI transmitted in at least a group common search space indicates one out of a set of timing values provided by system information.
· The set can consist of a single value in which case the corresponding timing field is not  needed in the DCI
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