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In RAN1#87, the agreements regarding the dynamic resource allocation of different numerologies are as following:
Agreements:
· 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 
In RAN1 Ad hoc, a WF on resource allocation is as following:
For FDM/TDM of numerologies, NR supports partitioning of carrier BW into sub-bands
· Each sub-band is associated with one numerology for a transmission.
· PRBs can be indexed over a sub-band or multiple sub-bands of a given carrier BW
· The sub-band configuration and/or the associated numerology is signaled to UEs (FFS: semi-statically and/or dynamically)
· FFS sub-band signaling is UE specific and/or cell specific
· Note: sub-band refers to a confined frequency partition, where each partition has a BW less or equal to the carrier BW.

With above agreements in mind, UE needs to know the numerology for a specific time-frequency resource for decoding. In this contribution, we mainly focus on the numerology indication and frequency resource allocation in a mixed numerology carrier.
Discussion
Basic unit for numerology indication
Different numerologies have different subcarrier spacings and symbol durations. A PRB with 12 subcarriers is agreed to be the frequency domain unit for scheduling and RS design. And time domain scheduling unit will be selected from multiple symbols, which may be 2, 7, or 14, etc. As a result, for a given subcarrier number and symbol number within a set of time-frequency resource, different numerologies will have different expressions, which can be shown in the following Fig 1.


Fig 1. Time-frequency resource unit for different numerologies
If legacy RS pattern and other design based on the PRB are to be kept, the numerology granularity should be at least a PRB, which is 12 subcarriers in frequency domain and several symbols in time domain. For multiple numerologies, the largest subcarrier spacing should be considered in frequency domain, consequently, a basic numerology variation unit in frequency domain should be the PRB size with the largest subcarrier spacing, which is shown in following Fig 2.


Fig 2. Basic unit for multiple numerologies
For UE perspective, numerology on every basic unit for possible resource allocation should be available before data decoding, then the numerology indication can be fulfilled by several ways:
· Option 1: Indicate numerology for each basic unit;
· Option 2: Divide the basic units to different groups and indicate numerology for each group.
For Option 1, the indication is simple, flexible and straight forward with large signaling overhead. For Option 2, the group pattern needs to be predefined or configured firstly, and overall signaling may be less than Option 1. There can be various grouping patterns for Option 2, such as frequency domain repetition, grouping with restriction on the group numbers.
Guard band may also be necessary depends on the waveform adopted. If guard band is to be reserved, indication of this guard band information is useful for UE reception. The guard band indication can be combined together with the numerology indication, for the reason that with change of numerology of adjacent basic unit, there is a necessity of guard band.
Proposal 1: Define the basic unit for numerology indication.
Time-frequency resource for numerology indication
Although the numerology should be optimized based on the latency requirements of different traffics and impairment of equipment such as phase noise, deployment scenarios such as Doppler shift, etc., the numerology indication information should be carried by the time-frequency resource without numerology change to guarantee reliability. The reference numerology with 15KHz agreed in previous meeting is a good candidate place for this indication for below 6GHz. And for above 6GHz, a non-dynamically changing or static numerology can be used. Semi-static or dynamic information can be carried on the time-frequency resource corresponding to the static or reference numerology. 
Proposal 2: The numerology indication information is located at the static or reference numerology.
Resource allocation
UE needs to know the detailed frequency domain resources for UL/DL data communication. With mixed numerology in a single carrier, the situation is more complicated. There are mainly two methods:
· Option a: Two step resource allocation indication based on the basic unit and the PRB within the basic unit.
· Option b: Resource allocation based on the smallest frequency domain PRB size.
For Option a, as the basic unit is a unified concept regardless of the adopted numerology, the basic unit index/indices can be informed to UE firstly, and then the PRB indices within one or more basic units can be indicated as the second step, which is shown in following Fig 3.


Fig 3: Two-step resource allocation
For Option b, the smallest frequency domain PRBs is also a unified concept irrespective of the numerology, which is shown in following Fig 4.


Fig 4. Resource allocation based on the smallest frequency domain PRB
The disadvantage of Option b is that signaling overhead may be large, especially for very large system bandwidth.
Proposal 3: Study the resource allocation for mixed numerology in a single carrier.
Conclusion
In this contribution, we discussed the remaining issues on mixed numerology in a single carrier, and our proposals are as following:
Proposal 1: Define the basic unit for numerology indication.
Proposal 2: The numerology indication information is located at the reference numerology.
Proposal 3: Study the resource allocation for mixed numerology in a single carrier.
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