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1. Introduction
In RAN1#88bis meeting, following agreements were made regarding time domain resource allocation [1]:
	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


In this contribution, we provide our views on time-domain resource allocation including contents of time-domain resource allocation field, and remaining issues on multi-slot aggregation.

2. Time-domain resource allocation within a slot
Considering scheduling flexibility, it can be considered that time-domain resource allocation is indicated by DCI scheduling PDSCH or PUSCH transmission. In terms of DCI overhead and processing time, it would be beneficial to support only contiguous resource allocation in time-domain. For instance, when the number of symbols within a slot is set to be 14, contiguous resource allocation may need to have 7 bit field size while non-contiguous resource allocation bit field size would be 14 bits. Furthermore, considering phase continuity, it would be better to support contiguous resource allocation at least within a slot. In this case, for a given time-domain scheduling unit, resource allocation field could consist of starting position, and transmission duration. To be specific, RIV-based allocation (as in LTE DL type 2) could be reused for time-domain resource allocation. 
Proposal 1: Only contiguous time-domain resource allocation is supported at least for resource allocation within a slot. 
When time-domain scheduling unit is set to be symbol, scheduling flexibility will be maximized at the expense of DCI overhead. Therefore, it would be inefficient to mandate time-domain scheduling unit is always set to be certain unit. Instead, it can be considered that gNB configures scheduling unit or symbol group pattern within a slot via high layer signalling and/or DCI. In this case, time-domain resource allocation could be indicated by a combination of starting scheduling unit and the number of assigned scheduling units. 
Proposal 2: Scheduling unit or symbol group pattern within a slot for time-domain resource allocation can be indicated by high layer signalling and/or DCI scheduling PDSCH or PUSCH transmission. 

3. Multi-slot aggregation
Main motivation of multi-slot aggregation could be summarized as follows: One is to save DL control overhead to schedule multiple TBs transmitted on multiple slots, and other is to enhance detection performance of a TB by using repetition in time-domain. In our view, even for the time-domain repetition, it would be beneficial in terms of decoding complexity that PDSCH or PUSCH transmission is self-decodable in each aggregated slot. In other words, a TB will be mapped on each aggregated slot regardless of the purpose of multi-slot aggregation. 
Proposal 3: When multi-slot aggregation is configured, a TB will be mapped on each aggregated slot. Whether the same or different TB will be mapped on aggregated slots is semi-statically configurable. 
In terms of resource allocation, multi-slot aggregation may need to support non-contiguous time-domain resource allocation. For instance, UL transmission with multi-slot aggregation may need to reserve DL resources for possible DL control channel at the beginning of each aggregated slot. Similarly, DL transmission with multi-slot aggregation may need to reserve UL resources for UL control channel at the end of aggregated slot(s). These kinds of slot formats in terms of DL portion and UL portion can be different slot-by-slot. In case, following options can be considered for time-domain resource allocation across multiple aggregated slots: 
· Option 1: Same set of starting/ending symbol index is applied to all the aggregated slots.
· Option 2: SFI transmitted on group-common PDCCH in each aggregated slot is used for PDSCH or PUSCH mapping. 
· Option 3: Rate-matching pattern for multiple aggregated slots is indicated by DCI. 
In case of Option 1, time-domain resource allocation within a slot is given by DCI, and it is applied to all the aggregated slots consistently. At that time, the number of aggregated slots could be indicated by DCI together with resource allocation per slot. Depending on the variations on slot format, this approach may be inefficient in terms of resource usage. 
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Figure 1: Example of time-domain resource allocation across aggregated slots (Option 1).
[bookmark: _GoBack]Alternatively, slot format related information transmitted in group-common PDCCH can be used to perform rate-matching or puncturing of PDSCH or PUSCH on aggregated slots as in Option 2. In this case, time-domain resource allocation would be applied to a certain slot. However, UE may need to successfully detect both DCI scheduling PDSCH or PUSCH and group-common PDCCH. Furthermore, for data mapping purpose, at the scheduling, SFI information for the scheduled slots needs to be known. If slot format is changed after scheduling data, it may cause ambiguity regarding the overall available REs. If group common PDCCH changes slot format dynamically, one approach is to assume Option 1 for data rate matching, and may perform puncturing if slot format is changed in the middle of multi-slot scheduling. 
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Figure 2: Example of time-domain resource allocation across aggregated slots (Option 2).
In Option 3, rate-matching patterns across aggregated slots are semi-statically configured via high layer signalling. Next, DCI scheduling PDSCH or PUSCH can indicate one of configured rate-matching patterns for PDSCH or PUSCH mapping. Time-domain resource allocation indicated by DCI would be applied to a certain slot. Considering DCI overhead, its scheduling flexibility would be restricted. 
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Figure 3: Example of time-domain resource allocation across aggregated slots (Option 3).

Proposal 4: Resource mapping across aggregated slots with different slot format can consider following options:
· Option 1: Same set of starting/ending symbol index is applied to all the aggregated slots.
· Option 2: SFI transmitted on group-common PDCCH in each aggregated slot is used for PDSCH or PUSCH mapping. 
· Option 3: Rate-matching pattern for multiple aggregated slots is indicated by DCI.

4. Conclusion
In this contribution, we discuss time-domain resource allocation. Our proposals are as follows:
Proposal 1: Only contiguous time-domain resource allocation is supported at least for resource allocation within a slot. 
Proposal 2: Scheduling unit or symbol group pattern within a slot for time-domain resource allocation can be indicated by high layer signalling and/or DCI scheduling PDSCH or PUSCH transmission. 
Proposal 3: When multi-slot aggregation is configured, a TB will be mapped on each aggregated slot. Whether the same or different TB will be mapped on aggregated slots is semi-statically configurable. 
Proposal 4: Resource mapping across aggregated slots with different slot format can consider following options:
· Option 1: Same set of starting/ending symbol index is applied to all the aggregated slots.
· Option 2: SFI transmitted on group-common PDCCH in each aggregated slot is used for PDSCH or PUSCH mapping. 
· Option 3: Rate-matching pattern for multiple aggregated slots is indicated by DCI.

5. Reference
RAN1 chairman’s notes, RAN1#88bis.
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