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1. [bookmark: _GoBack]Introduction
In this contribution, resource allocation mechanisms for DL/UL data are discussed. Related to this, following agreements were achieved at the RAN1#88bis meeting [1]:
	Working assumption:
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE
· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE
· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth
· The bandwidth part may or may not contain the SS block
· Configuration of a bandwidth part may include the following properties
· Numerology
· Frequency location (e.g. center frequency)
· Bandwidth (e.g. number of PRBs)
· Note that it is for RRC connected mode UE
· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM

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.



2. Resource allocation for DL data
2.1. Frequency-domain
From RAN1 specification perspective, system bandwidth of one carrier could be up to 400MHz, and the maximum number of subcarriers could be 3300 to 6600 (FFS), which corresponds to at least 275 PRBs. Depending on the UE capability, UE may not be capable of supporting the whole system bandwidth of the carrier. For this case, a bandwidth part of the given component carrier is configured for the UE.
Within the given bandwidth part of the component carrier, the scheduled PRB(s) is/are indicated by a scheduling DCI (except for SPS type of scheduling). The scheduling DCI shall include resource allocation field. For NR, CP-OFDM waveform is adopted for both DL and UL (and for UL, DFT-s-OFDM waveform as well). Considering the trade-off between signalling overhead and scheduling flexibility, at least RB-group-level bit-map allocation (LTE DL RA type 0), and contiguous-RB allocation (LTE DL RA type 2) for both DL and UL for NR. 
For RBG-level bit-map allocation, RBG size and its indexing should be carefully studied, taking into account that the UEs may be configured with different bandwidth parts. For example, a bandwidth part of a UE is a subset of another bandwidth part of another UE. If the RBG size is not aligned between them, e.g., one is 3 PRBs and the other is 4 PRBs, efficient PRB utilization will be complicated. Therefore, RBG size should not be tied with, e.g., bandwidth of the given bandwidth part, and should be flexibly selectable. The RBG size may impact on the necessary payload of the RA field in the DCI.
For contiguous-RB allocation, bandwidth and/or position of bandwidth parts between different UEs may not be the problem. However, it should be considered whether PRB indexing should be common or independent among UEs configured with different bandwidth parts. If it is common, the DCI payload is determined by the highest superset among the bandwidth parts. It is preferable to optimize the DCI payload and hence, for this case, it is sufficient that the RBs within a given bandwidth part is indexed per bandwidth part, and not common across different bandwidth parts.
Proposal 1:
· For PRB assignment, support RBG-level bit-map allocation (LTE DL RA type 0) and contiguous-RB allocation (LTE DL RA type 2).
· For RBG-level bit-map allocation, RBG granularity and indexing should be configurable to efficiently accommodate different UEs configured with different bandwidth parts in the same carrier.
· For contiguous-RB allocation, RB indexing and the RA field size of the scheduling DCI is given by the given bandwidth part.

2.2. Time-domain
According to the RAN1 agreements so far, NR can realize flexible data transmission durations from 1 symbol to one slot, and one slot to multiple slots. 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. Data scheduling indication in time-domain is useful not only for realizing flexible operation in time, but also for enabling efficient resource sharing between control and data as a simple solution when a CORESET of certain symbol(s) is unknown to the scheduled UE [].
It can also be considered to use group-common PDCCH to inform the data starting position and duration in case cross-slot/multi-slots scheduling is carried out. For such operation, the scheduling DCI can indicate them, but at a later timing, a group-common PDCCH can override the information. 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. 
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(a) Indicated by the scheduling DCI
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(b) Indicated by a group-common PDCCH
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(c) Configured by higher-layer
Fig. 1	Indication of starting position and duration for cross-slot scheduling.

For NR, slot aggregation is supported. Covering wide range of durations such as from 1 symbol to multiple slots require large number of bits for the indication field. Therefore, depending on whether slot aggregation is enabled, the granularity of the indication can be changed.

Proposal 2:
· Data starting position and duration (or ending position) are informed by one of the following:
· Scheduling DCI
· Group-common PDCCH
· Higher-layer signaling
· In case slot aggregation is not enabled,
· The indication is symbol-level granularity.
· The starting symbol of the data.
· The number of symbols the data spans or the ending symbol of the data.
· The scheduled data does not span across a slot boundary.
· The data spans contiguous symbols within a slot in time.
· In case slot aggregation is enabled,
· The indication is at least slot-level granularity.
· The starting symbol of the data.
· The number of symbols the data spans or the ending symbol of the data.
· FFS: how to determine the symbol-level granularity for a given slot within the aggregated slots.
· At least higher-layer signaling can be used.

2.3. Transport block size
LTE specification defines transport-block size determination table. According to the number of PRBs, number of layers, and number of symbols within a subframe, the actual TB size is determined. 
For NR, both frequency-domain and time-domain resource allocation granularity should be further flexible compared to LTE. How to address TB size determination for the NR system should be addressed.
Proposal 3:
· RAN1 to address how to determine TB size under the highly flexible resource allocation mechanism for NR.

3. Conclusion
In this contribution, resource allocation aspects are discussed and following proposals were made.
Proposal 1:
· For PRB assignment, support RBG-level bit-map allocation (LTE DL RA type 0) and contiguous-RB allocation (LTE DL RA type 2).
· For RBG-level bit-map allocation, RBG granularity and indexing should be configurable to efficiently accommodate different UEs configured with different bandwidth parts in the same carrier.
· For contiguous-RB allocation, RB indexing and the RA field size of the scheduling DCI is given by the given bandwidth part.
Proposal 2:
· Data starting position and duration (or ending position) are informed by one of the following:
· Scheduling DCI
· Group-common PDCCH
· Higher-layer signaling
· In case slot aggregation is not enabled,
· The indication is symbol-level granularity.
· The starting symbol of the data.
· The number of symbols the data spans or the ending symbol of the data.
· The scheduled data does not span across a slot boundary.
· The data spans contiguous symbols within a slot in time.
· In case slot aggregation is enabled,
· The indication is at least slot-level granularity.
· The starting symbol of the data.
· The number of symbols the data spans or the ending symbol of the data.
· FFS: how to determine the symbol-level granularity for a given slot within the aggregated slots.
· At least higher-layer signaling can be used.
Proposal 3:
· RAN1 to address how to determine TB size under the highly flexible resource allocation mechanism for NR.
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