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Introduction

This contribution provides our general views on the NR resource allocation and scheduling of eMBB and URLLC.

As background, the following agreements achieve in the previous several meetings are listed to facilitate the discussion [1-3]:

Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged


· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic


· Consider further the tradeoffs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded

· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.
· Potential specification impact includes but is not limited to:
· FFS:CSI-RS measurement
· FFS: the time and frequency granularity of dynamic resource allocation
· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 


Discussion

On time domain resource allocation
In legacy LTE framework, the minimum time domain resource granularity is one slot, which is 0.5ms and the scheduling time granularity is one TTI (1ms). For the purpose of coverage enhancement, multiple TTI scheduling is also supported by MTC. In order to serve more diversified functions with NR, the resource allocation in the time scale needs to be more flexible.
As can be observed in the email discussion of mini-slot, besides the slot level resource grid definition, more refined time domain resource allocation design is also important to support use cases like:
· Very low latency in support of URLLC. For certain numerologies, the scheduling granularity could be 1 OFDM symbol in minimum. But this does not necessarily apply to all the possible numerologies. Depending on the service requirement and the employed numerology, the length of a mini-slot or minimum time domain scheduling granularity should be flexibly controlled. This can benefit the balance between latency and possible impact to other services like eMBB.
· mmWave. In case of the supported bandwidth is very large, it is not that necessary to support as long time scheduling granularity as 14 or 7 OFDM symbols. The holistic payload should match the UE processing capability and be in a reasonable level. Hence the supported set of mini-slot lengths and its upper bound also depend on the operating scenario.
· Operation in unlicensed band. To make full use of the free resource, narrower transmission duration can improve the resource utilization efficiency. This needs the assistance of the more dedicated energy detection scheme.
Proposal 1: The minimum scheduling granularity in time domain should flexibly adapt to the supported scenarios. This should be configurable together with the resource allocation signaling. The mini-slot based design can be taken as minimum scheduling granularity in time domain, which should be sufficiently flexible to support all the intended scenarios. 

On frequency domain resource allocation
To achieve high capacity in eMBB service, more advanced MIMO schemes are under discussion. The network shall conduct the resource allocation and scheduling based on the CSI feedback from UE. Considering the increasing antenna array scale and the need of operating MIMO with large bandwidth in high frequency band, it is meaningful to define PRB bundling scheme to keep the complexity of UE processing  and gNB schedule at a reasonable level. The agreements on PRB bundling in RAN1#87 meeting are:
· For DL data, support at least a PRB bundling size for precoding equal to a specified value
· FFS whether specified value is system BW dependent
· FFS: Supported values 
· Study further including at least the following:
· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)
· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs
· FFS the case of reciprocity based operation
· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs

In the context of support NR MIMO, the PRB bundling size may depend on the concrete MIMO scheme, and the operation bandwidth. On the other hand, the low latency support of URLLC service may constrict time domain resource scheduling granularity and consequently extend resource in the frequency domain. As elaborated in our companion contribution [4], high reliability requirement may lead to low resource efficiency. That means the resource amount to support URLLC would not be small even though the packet size may be small.
Hence the frequency domain resource granularity in the scheduling tightly depends on the scenarios, requirement and in some circumstances is coupled with the time domain resource granularity. Based on the analysis above, we make the follow proposals:
Proposal 2: The resource allocation granularity in frequency domain should flexibly adapt to the supported scenarios, MIMO scheme and be coupled with the time domain slot/mini-slot length.
Considering the multiplexing of eMBB and URLLC and also the spirit to support DL and UL in a unified framework,
Proposal 3: Time and frequency domain resource granularity framework should flexibly support both eMBB and URLLC, the coexistence/ multiplexing between each other, and also support both DL and UL cases.


Conclusions
In this contribution, we provide high level views on the resource allocation of data scheduling of eMBB and URLLC. To make NR flexibly support all the new features and highly demanding requirements, the following proposals are highlighted:
Proposal 1: The minimum scheduling granularity in time domain should flexibly adapt to the supported scenarios. This should be configurable together with the resource allocation signaling. The mini-slot based design can be taken as minimum scheduling granularity in time domain, which should be sufficiently flexible to support all the intended scenarios. 
Proposal 2: The resource allocation granularity in frequency domain should flexibly adapt to the supported scenarios, MIMO scheme and be coupled with the time domain slot/mini-slot length.
Proposal 3: Time and frequency domain resource granularity framework should flexibly support both eMBB and URLLC, the coexistence/ multiplexing between each other, and also support both DL and UL cases.
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