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1. Introduction
[bookmark: _GoBack]In this contribution, resource allocation mechanisms for DL/UL data are discussed. Related to this, following agreements were achieved at the RAN1#88 meeting [1]:
	Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth



2. Resource allocation mechanisms
2.1. Frequency-domain resource allocation
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 such UE, NR supports 2 step indications, as described in the introduction above. 
The first step indication could be either semi-static (e.g., pre-defined and/or signalled by SI/RRC) or dynamic (e.g., signalled by DCI). In case of dynamic indication, UE does not know which bandwidth part is used for data transmission until receiving the DCI. Depending on the indication, the UE tunes its RF to the bandwidth part. According to RAN4 LS reply [2], a certain time gap is necessary for adapting RF. If the indication is based on dynamic signaling, this should also be taken into account. Commonality and/or relation with RF bandwidth adaptation should also be considered. For the UE-common scheduling (e.g., Msg2, system information), scheduling mechanism should be applicable to all the UEs supporting the same service type and the same carrier regardless of its bandwidth capability and RF bandwidth adaptation capability. Therefore, at least for this type of UEs, semi-static approach of the first step indication should be supported.
The second step indication should be 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 resource allocation type 0 and type 2 of LTE downlink should be supported for NR DL and UL. For resource allocation type 0, larger size of RBG should be applied for more than 100 PRBs, so that the DCI overhead can be within an acceptable range. For example, the payload of RA field for type 0 for more than 100 PRBs can be fixed to be the same as for 100 PRBs (i.e., 25 bits). Exact values should be determined taking into account the balance between scheduling flexibility/gain and DCI overhead saving. Note that PRBs for resource allocation should be indexed over the given bandwidth part. 
Proposal 1:
· For a UE not capable of supporting the carrier bandwidth,
· At least semi-static determination of the first step indication is supported.
· For unicast data scheduling, RRC-signaling can be used for the indication.
· For UE-common scheduling, pre-configuration or system information can be used for the indication.
· At least dynamic signaling for the second step indication (PRB assignment) is supported.
· For a UE capable of supporting the carrier bandwidth,
· At least dynamic signaling for PRB assignment is supported.
· For PRB assignment,
· PRBs for resource allocation should be indexed over the given bandwidth part.
· At least resource allocation type 0 and type 2 for LTE DL are supported for both NR DL and UL.

2.2. Time-domain resource allocation
Starting/ending symbol index
It is important to make sure that control channel(s) and data channel(s) are multiplexed in a slot in an efficient manner. When the control signal and the data are for different UEs, the data scheduled UE does not identify whether there is a control signal for the other UE. In order to realize efficient resource sharing, UE-specific DCI should tell the UE about data starting/ending positions as following:
· For DL data scheduling, DCI indicates starting/ending symbol index of the data in the slot as follows:
· Starting symbol index: #0 or #x
· Ending symbol index: #y or #N-1, where N denotes the number of symbols in the given slot
· The values x and y are configured by higher-layer signaling.
· For UL data scheduling, DCI indicates starting/ending symbol index of the data in the slot as follows:
· Starting symbol index: #0 or #u
· Ending symbol index: #v or #N-1, where N denotes the number of symbols in the given slot
· The values u and v are configured by higher-layer signaling.
With the above, dynamic resource sharing is enabled by simply increasing a certain number of bits in the scheduling DCI [3]. The indication should be configurable by higher-layer signaling, and as an alternative way of the DCI indication, semi-static configuration should also be supported. Semis-static signaling could be useful for cross-slot scheduling.
TTI length
For NR, various TTI lengths will be realized either by scalable subcarrier-spacing and/or scalable number of symbols/slots per TTI. For low-latency operation, it would be useful to enable data scheduling on different TTI lengths in dynamic manner. For CBG-based HARQ operation, management of frequency and time resources for re-transmission should be flexible enough, such that the necessary amount of radio resources for CBG-based re-transmission can be adapted [4]. As such, flexible scheduling of various TTI lengths in dynamic manner is useful for NR.
Proposal 2:
· For DL and UL, data starting/ending positions are;
· Indicated by the scheduling DCI or;
· Configured by higher-layer signalling.
· Dynamic determination of TTI length for scheduling a given data is supported.

2.3. Timing indication
At the RAN1 AH January, it was agreed that the timings between DL assignment/UL grant and corresponding DL/UL data transmissions are indicated by a field in the DCI from a set of values. Therefore, this field is also necessary in the scheduling DCI. It should further be clarified whether the “timing” here is the absolute timing or relative timing difference and what granularity for some cases, e.g., mini-slot operation. For example, there are following options for mini-slot-level scheduling:
· Option 1: DCI field indicates slot-level data scheduling timing
· 1-1: DCI indication is relative slot-level timing difference b/w DCI and the scheduled data
· 1-2: DCI indication is the slot index in the radio frame/subframe for the scheduled data
· On which mini-slot the data is transmitted is determined in implicit manner or is indicated by another field
· Option 2: DCI field indicates mini-slot-level data scheduling timing
· 2-1: DCI indication is relative mini-slot-level timing difference b/w DCI and the scheduled data
· 2-2: DCI indication is absolute mini-slot index of the radio frame/subframe/slot where the data is transmitted
· On which slot data is transmitted is determined in implicit manner or is indicated by another field
Proposal 3:
· DCI includes timing indication of the scheduled data.
· How to indicate should further be clarified especially for mini-slot operation.

2.4. DCI field description
As described as above, necessary indications for data resource allocations should be identified. However, it is early to fix on which field is defined for the scheduling DCI. RAN1 should first list-up the necessary indications by the scheduling DCI, and then consider how indication should be done (e.g., joint field with the other indication(s) or separate fierds).
Proposal 4:
· Further clarify necessary indications by the DCI.
· Later, RAN1 should consider how to define the DCI fields.

3. Conclusion
In this contribution, resource allocation aspects are discussed and following proposals were made.
Proposal 1:
· For a UE not capable of supporting the carrier bandwidth,
· At least semi-static determination of the first step indication is supported.
· For unicast data scheduling, RRC-signaling can be used for the indication.
· For UE-common scheduling, pre-configuration or system information can be used for the indication.
· At least dynamic signaling for the second step indication (PRB assignment) is supported.
· For a UE capable of supporting the carrier bandwidth,
· At least dynamic signaling for PRB assignment is supported.
· For PRB assignment,
· PRBs for resource allocation should be indexed over the given bandwidth part.
· At least resource allocation type 0 and type 2 for LTE DL are supported for both NR DL and UL.
Proposal 2:
· For DL and UL, data starting/ending positions are;
· Indicated by the scheduling DCI or;
· Configured by higher-layer signalling.
· Dynamic determination of TTI length for scheduling a given data is supported.
Proposal 3:
· DCI includes timing indication of the scheduled data.
· How to indicate should further be clarified especially for mini-slot operation.
Proposal 4:
· Further clarify necessary indications by the DCI.
· Later, RAN1 should consider how to define the DCI fields.
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