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1 Introduction

As agreed in RAN1#85, multiplexing different numerologies within a NR carrier bandwidth (from the network perspective) is supported [1], where the different numerology schemes are optimized to different services, such as eMBB, URLLC and mMTC.

Therefore, the available time-frequency radio resources of a NR carrier should be split in an appropriate manner among different services which coexist in the network. In view of that the traffic amount for each service varies with time, the resource partitioning among numerology schemes should be able to configure dynamically. Furthermore, the signalling of the resource allocation to the UEs should be as simple and compact as possible.

In this document, we discuss mechanisms that allow dynamically scheduling resources to different services (i.e. using different numerology schemes) from the network perspective. Firstly, the need for multiple types of scheduling units coexisting in the network is identified. Secondly, we introduce the connection between a given numerology scheme and a set of resources that are usable by this numerology. The configuration and properties of such “schedulable” sets of resources are further discussed. Finally, how an UE obtains the scheduling decision over the shared resources is discussed. 

Note whether and how to support multiple numerologies (simultaneously or in a TDM manner) for a given UE is another separate discussion and is out of the scope of this document.   
2 Discussion
2.1 Multiple types of scheduling unit 

The resource allocation is indicated with respect to the scheduling unit that describes the resource grid in both frequency and time domains. In frequency domain, a scheduling unit corresponds to one PRB, while in time domain it corresponds to the number of symbols per TTI. In order to accommodate different services simultaneously, there are multiple types of scheduling unit coexisting in the network, and they differ in bandwidth and/or time duration depending on the numerology schemes. The following Fig. 1 illustrates an example of three coexisting numerology schemes (i.e. layers).
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Fig.1. Example of three coexisting numerology schemes (i.e. layers) within a NR carrier

As shown in Fig.1, the time-frequency resources in a NR carrier are partitioned into scheduling units in different ways according to the numerology schemes. Numerology schemes 1, 2 and 3 are using 60 kHz, 30 kHz and 15 kHz subcarrier spacing, respectively as example. Although any scheduling unit in all three numerology layers has 7 symbols in this particular example, they differ in absolute time duration due different symbol duration. With these numerology characteristics and service requirements, numerology schemes 1, 2 and 3 may be considered for the transmission of data for the URLLC, eMBB and mMTC services, respectively. 
The scheduler has all the numerology layers in mind, but this information is transparent to UE. UE only needs to know the numerology scheme(s) that it can support. Resource allocation can then be signalled to UE using the grid definition of the corresponding layer. Because the allocated resource is indicated with respect to the prefixed resource grid, the resource signalling for different numerology layer is decoupled from each other, simplifying the signalling design.  
Proposal 1: NR supports multiple types of scheduling unit with different bandwidth and/or time duration, one for each numerology scheme. 

Proposal 2: One type of scheduling unit gives one possible way to partition the channel frequency-time resources into resource grids. The resource allocation is indicated with respect to the prefixed resource grid. 
2.2 Nominal resource set for each service usage
Depending on the service(s) that an UE supports, different UEs could have different access requirements and bandwidth capabilities. Furthermore, since a NR carrier is expected to provide much wider channel bandwidth (i.e. system bandwidth) than that in LTE, UE’s bandwidth capability can be smaller than the system bandwidth.  Therefore, it is necessary to distinguish between system bandwidth and UE-specific bandwidth in a NR carrier. Such UE-specific bandwidth can be placed within the system bandwidth with certain flexibility. 
We propose nominal resource set to generalize the concept of UE-specific bandwidth in several ways. Basically, a nominal resource set is the set of time-frequency resources (i.e. two-dimensional property) associated to one numerology scheme which the scheduler can allocate among UEs who are adopting this numerology.  The Fig.2 gives an example of how the nominal sets look like. 
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Fig.2. Nominal resource sets defined for three numerology schemes

As shown in Fig.2, one nominal resource set is defined for each numerology scheme. The nominal resource set may have the following properties:
· A nominal resource set defines the time-frequency resources that are usable for a particular numerology scheme to schedule data transmission of the corresponding services. In other words, the resource allocation for data transmission will be indicated (e.g. via DCI) with reference to the nominal set. Therefore, a larger nominal set leads to a larger DCI message size, but larger scheduling flexibility. How the nominal set itself is known to UE is FFS. It may be implicitly known by the standard by certain case and may be configured semi-statically.
· The bandwidth of the nominal set can be upper limited by the UE’s bandwidth capability if the nominal set consists of contiguous PRBs (as the URLLC and eMBB cases in Fig.2). On the other hand, the nominal set can also be comprised of non-contiguous PRBs like the mMTC case shown in Fig.2, where upper and lower portions of the system band are used. In latter case, the UE’s FFT window for receiving data can be configured to hop between these two portions. In this way, frequency diversity or frequency scheduling can be achieved.
· Since the nominal sets regulate the scheduling possibilities, they should be overlapping at least partially, such that the unused resources in one numerology scheme can be scheduled for the usage of another numerology scheme (i.e. service). Fig.3 illustrates the dynamic resource sharing based on the nominal sets defined in Fig.2, where in the second 0.5 ms, more resources are allocated to numerology scheme 1 (albeit still within the its nominal set) than in the first 0.5 ms, to accommodate more URLLC traffic.   
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Fig.3 Dynamic multiplexing of numerologies based on the nominal set defined in Fig.2

Proposal 3: Resource allocation for data transmission is indicated with respect to a nominal resource set (i.e. reference set) that has a reduced dimension than the overall time-frequency resources available in a NR carrier. The nominal sets for different services are overlapping to enable the dynamic sharing among services. 
2.3 Control region and DCI monitoring
Since nominal set defines the UE’s receive FFT window position, the DL control region that contains scheduling information for data traffic must be placed inside the nominal set for control in order for UE to monitor the DCI message.  Fig.4 gives an example how DL control region looks like: 
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Fig.4. An example of DL control region 

In Fig.4, we describe the case where only a few OFDM symbols (2 symbols in this example) are used for control and the control region spans over the most part of the bandwidth of the nominal set (in this example, the whole part). Note that in our view, one DL control channel consists of most/all symbols of a TTI but only occupies very few PRBs in the frequency domain should be also supported.

In the example shown in Fig.4, UE can be configured to monitor the DCI using the same numerology as the data traffic that it supports. For example, URLLC UEs monitor the green shaded DCI region while eMBB UEs monitor the yellow shaded DCI region. Note that the DCI regions of different services can overlap (e.g. see the DCI region of URLLC and the DCI region of second TTI of eMBB). In addition, the resource sharing can also happen between control region of one numerology scheme and data region of another numerology scheme. However, this is not an issue, because the network (i.e. scheduler) can decide the actual usage of these shared resources and then transmit the corresponding DCI. There is no need to inform UE since the unintended blind decoding simply fails. In this way, the dynamic changing of the numerology scheme for the shared resources is possible.

On the other hand, if a UE capable of both eMBB and URLLC, it can be configured to monitor DCI for both eMBB and URLLC traffic only using numerology 1 (cross-TTI scheduling might be needed). In this case, control channel and eMBB data channel could result in having different numerologies. Currently, it is FFS whether the control and the data region numerologies are always the same. 
Proposal 4: Control region for one numerology scheme can share the resources with control or data regions for other numerology schemes. The actual usage of the shared resources is determined by the scheduler dynamically.
3 Conclusion

This document discusses the mechanisms that allow dynamically scheduling resources to different services (i.e. using different numerology schemes) from the network perspective. We have the following proposals:
Proposal 1: NR supports multiple types of scheduling unit with different bandwidth and/or time duration, one for each numerology scheme. 

Proposal 2: One type of scheduling unit gives one possible way to partition the channel frequency-time resources into resource grids. The resource allocation is indicated with respect to the prefixed resource grid. 

Proposal 3: Resource allocation for data transmission is indicated with respect to a nominal resource set (i.e. reference set) that has a reduced dimension than the overall time-frequency resources available in a NR carrier. The nominal sets for different services are overlapping to enable the dynamic sharing among services. 

Proposal 4: Control region for one numerology scheme can share the resources with control or data regions for other numerology schemes. The actual usage of the shared resources is determined by the scheduler dynamically.
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