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1. Introduction & Background

In NR, multiple numerolgies are supported in order to fulfill the requirements for different usage scenarios, such as URLLC, eMBB, mMTC. Different nummerologies should be able to be multiplexed in time domain and in frequency domain for a better performance when UEs have different types of data [1].
In RAN1#88 meeting [2], the resource allocation for a UE was discussed, and a two-step frequency domain assignment was agreed as follows: 
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
In RAN1#88bis meeting [3], the following working assumptions were achieved, and the details of the bandwidth part information were discussed:
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
In the contribution, we discuss the resource allocation and scheduling scheme in a multiple-numerology system.
2. Bandwidth part allocation
In a NR system with multiple numerologies, when these numerologies are multiplexed in a FDM way, each numerology will occupy a part of the whole system bandwidth. We define the bandwidth part corresponding to a certain numerology as the “numerology subband”. As shown in Figure 1, there are three numerology subbands corresponding to the three different SCS f1, f2 and f3. In order to schedule the UE, the information of the numerology subband and the PRB allocation within each numerology subband should be informed to the UE as in the above agreement. To locate the numerology subband, the frequency location, corresponding bandwidth and numerology should be known to the UE. The frequency location can be indicated by either the center frequency or the starting position of the numerology subband. The bandwidth of the numerology subband can be indicated by the ending position of the numerology subband, the number of PRBs contained in the numerology subband, or selected from a predefined set of values, such as {5MHz, 10MHz, 20MHz, etc.}.
Since the partitions of the bandwidth for different numerologies are usually statically or semi-statically changed. The bandwidth part information can be broadcasted to the UE or signalled via higher layer singling such as RRC. In addition, the bandwidth part information can also be carried in the periodical group common PDCCH if the partition of the bandwidth is periodically changed. The bandwidth part information should at least contain the numerology and bandwidth information of the corresponding numerology subband. The PRB allocation within each numerology subband could be carried in the DCI. The discussion of the resource allocation within the bandwidth part can be found in [4]
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Figure 1 Numerology multiplexing schemes

Proposal 1: The bandwidth part information of the numerology subband should at least include frequency location, corresponding bandwidth and numerology.

Proposal 2: The bandwidth part information of the numerology subband can be informed to the UE via broadcast channel, RRC signaling or periodical group common PDCCH.

3. UE scheduling
For multiplexed numerologies, if the UE can only be scheduled in one numerology subband, then it can be scheduled as in LTE. If the UE has the capability to serve in more than one numerology subband, then the scheduling information on these numerology resources should all be sent to the UE. The straightforward way is to send the scheduling information in the dedicated control channel of each numerology subband as shown in Figure 2. At different time, UE1 has different types of data, and then is scheduled on different numerology resources. When UE1 is scheduled in numerology subbands with SCS f2 and f3, the scheduling information for numerology f2 and f3 are sent in the dedicated control channels of these numerology subbands, respectively. In this case, the UE should have the capability to decode more than one control channel simultaneously.
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Figure 2 Dedicated control channel for each numerology subband
The second solution is to use an anchor control channel for all the numerology subbands as shown in Figure 3. The anchor control channel is located on an anchor numerology subband, which is the numerology subband always on or been used most frequently. The scheduling information for different numerology subbands are all carried in the anchor control channel. For example, the numerology subband with SCS f3 is the anchor numerology subband for UE1. When the UE1 is scheduled in numerology subbands with SCS f2 and f3, the scheduling information for UE1 is sent from the control channel in the numerology subband with SCS f3. When the UE1 is scheduled in numerology subbands with SCS f1, f2 and f3, the scheduling information for UE1 is also sent from the control channel in the numerology subband with SCS f3.
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Figure 3 Anchor control channel for all numerology subbands
Another solution is to use a shared control channel for all scheduled numerology subbands as shown in Figure 4. Different numerology subbands share one control channel, the shared control channel span over the bandwidth of all scheduled numerologies. When the UE1 is scheduled in numerology subbands with SCS f2 and f3, the bandwidth of the control channel is the sum of the bandwidth of numerology subbands with SCS f2 and f3. When the UE1 is scheduled in numerology subbands with SCS f1, f2 and f3, the bandwidth of the control channel becomes the sum of the bandwidth of numerology subbands with SCS f1, f2 and f3.
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Figure 4 Shared control channel for all numerology subbands
Proposal 3: Dedicated, anchor and shared control channel scheduling can be considered as the candidate schemes for UEs supporting transmissions in more than one numerology subband.
4. Conclusion

In this contribution, the resource allocation and scheduling scheme for numerology multiplexing system are discussed. And following proposals are given: 
Proposal 1: The bandwidth part information of the numerology subband should at least include frequency location, corresponding bandwidth and numerology.

Proposal 2: The bandwidth part information of the numerology subband can be informed to the UE via broadcast channel, RRC signaling or periodical group common PDCCH.

Proposal 3: Dedicated, anchor and shared control channel scheduling can be considered as the candidate schemes for UEs supporting transmissions in more than one numerology subband.
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