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1. Introduction
At the RAN1#88bis meeting, following agreements were achieved [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.



In this contribution, we discuss resource allocation in time-domain.
2. Time-domain resource allocation
Time-domain resource allocation mechanism can basically be common for PDSCH and PUSCH, where some granularity restrictions would be necessary for some cases (e.g., PUSCH with DFT-s-OFDM waveform cannot support 1-symbol PUSCH transmission duration).
According to the RAN1 agreements, NR can realize flexible data transmission durations from 1 symbol, 2 symbols, …, 1 slot, …, multiple slots, and flexible data starting positions at any OFDM symbol (FFS some restrictions). In order to realize flexible scheduling in time-domain, the scheduling DCI should be able to indicate (1) data starting position and (2) data transmission duration (or equivalently data ending position) in either or the combination of symbol/slot-level granularities. 
For the data scheduled with any starting symbol and transmission duration, it is important to consider how DMRS should be mapped for the data. Placing DMRS at the beginning of the data resources is necessary to achieve pipeline/fast processing especially for URLLC services. Following two alternatives are identified:
Alt.1: DMRS is fixed at a position relative to start of a slot regardless of where the data is scheduled.
If it is really important to keep the same DMRS position among all the UEs/cells, fixed DMRS position relative to the start of a slot can be ensured by specification for various use-cases. However, this causes the cases where DMRS is not within/adjacent the data transmission duration (see Fig. 1 (a)). In case where the data starts earlier than DMRS, the UE needs to buffer the data until channel estimation using the DMRS is accomplished. In case where the data is far later than the DMRS, the timing between the scheduling DCI and the scheduled data may be bounded by the time distance between the scheduling DCI and the DMRS, which causes further UE burdens for processing.
Alt.2: DMRS is fixed at a position relative to the start of the data regardless of where the data is scheduled.
This simplify the design of data channel (see Fig. 1 (b)). However, this is not aligned with some existing RAN1 agreements. At that time, it was considered that the “slot scheduling” and “mini-slot scheduling” are completely different. 
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(a) Alt. 1
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(b) Alt. 2
Fig. 1	Relation b/w DMRS and data symbols for Alt. 1 and Alt. 2 discussed above.

Alt. 3: At a certain condition, UE is scheduled with data having DMRS at a fixed position relative to start of a slot, while at the other condition, UE is scheduled with data having DMRS at a fixed position relative to start of the data.
For example, if the scheduled data spans/includes the symbol where the fixed DMRS is placed, the DMRS is mapped on the fixed symbol of a slot, while otherwise the DMRS is mapped on the first symbol of the data (see Fig. 2). As another example, if the data is scheduled by a DCI format, the DMRS is mapped on the fixed symbol of a slot, while otherwise the DMRS is mapped on the first symbol of the data. 
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Fig. 2	Alt. 3.
The only reason why Alt. 1 or Alt. 3 is considered is to comply with the existing agreements. If it is desirable to unify “slot scheduling” and “mini-slot scheduling”, it is beneficial to adopt Alt. 2 with reverting the existing agreements. If not, Alt. 3 is better than Alt. 1. However, in case of Alt. 3, when/in which condition the DMRS needs to be placed at the fixed position relative to the start of a slot will be controversial since no specific benefit is found other than complying with the agreements. Therefore, our current preference is Alt. 2 over Alts. 1/3, and Alt. 3 over Alt. 1.
Proposal 1:
· Consider Alt. 2.
· DMRS is fixed at a position relative to the start of the data regardless of where the data is scheduled

3. Time-domain resource allocation update by GC-PDCCH
NR supports cross-slot scheduling. On the other hand, it is preferable to be able to determine/update scheduling decision per slot basis without being restricted by the decision made in the previous slots. Therefore, especially for cross-slot/multi-slots scheduling case, it is beneficial to enable using group-common PDCCH to indicate the time-domain resource allocation for a scheduled data in a slot. For example, a DCI scheduling a data in the future slot(s) can indicate starting position/duration, but at a later timing, if the gNB wants to update the scheduling resource information, a group-common PDCCH can be used to override the information. It is FFS how the UE handles updated resource allocation in time-domain (e.g., rate-matching or puncturing). If the group-common PDCCH can include preemption indication, the same mechanism may be re-usable. 
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(a) Without starting position/duration update
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(b) With duration update
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(c) With preemption indication
Fig. 1	Resource allocation in time-domain.

This improves the flexibility of scheduling in time-domain, while miss-detection of group-common PDCCH results in data decoding error with high probability. Therefore, it should be guaranteed that the network can configure whether to enable the indication overriding by a group-common PDCCH. Note that the starting position and duration should also be configured by higher layer signaling.

Proposal 2:
· UE-specific DCI scheduling a data can inform the starting position and the duration of the scheduled data.
· Group-common PDCCH can inform the updated information of the time-domain resource allocation of the scheduled data.


4. Conclusion
In this contribution, time-domain resource allocation was discussed and following proposals were achieved.
Proposal 1:
· Consider Alt. 2.
· DMRS is fixed at a position relative to the start of the data regardless of where the data is scheduled
Proposal 2:
· UE-specific DCI scheduling a data can inform the starting position and the duration of the scheduled data.
· Group-common PDCCH can inform the updated information of the time-domain resource allocation of the scheduled data.
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