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Numerology decisions for NR are critical for a successful and efficient support of the wide range of deployment options, and for a flexible frame structure design that can be leveraged seamlessly across all services. Scalable numerology is a new design tool for 5G due to its flexibility and scalability. In the RAN1 84b and 85, scalable numerology (SCS scaled by power of 2, fs = fo * 2m with fo=15kHz) is considered as a working assumption. In RAN1 86, symbol-level alignment within scalable numerology family is agreed as a working assumption:
Working assumption:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
with the definition of subframe, slot, mini-slot concepts agreed as follows:
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

In this contribution, we discuss some numerology/frame structure scaling and alignment designs for NR considering different numerology/CP families across different use cases to address the following agreement:
Agreements:
· RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads

Slot-level alignment and scheduling
One challenge of achieving time alignment between transmissions of different CP overhead is due to the uneven CP duration of LTE NCP numerology. Essentially, it is not possible to achieve both symbol alignment across symbol numerology and at the same time ensuring scaled numerology slot has even duration. As a result, NCP slot of large SCS (e.g. 60kHz) may have slightly longer slot duration (of around 0.2~0.5us). ECP numerology family on the other hand, does not have such an issue and hence, the slot boundaries of NCP/ECP families have some small misalignment as illustrated in Figure 1.



Figure 1. NCP/ECP slot-level misalignment based on scaled LTE numerology up to SCS = 60kHz
One way to handle the above-noted symbol misalignment is, at the next slot, to discard the first ECP symbol which is overlapped by the last NCP symbol from the previous slot, which will incur huge loss in spectrum efficiency. Alternative way to handle the slot misalignment is to shorten the duration of one or more ECP symbols to align with the start points of NCP slots as illustrated in Figure 2. That way, a small portion of CP is punctured in ECP case, hence the impact on performance is minor. In particular, the punctured CP is in the first symbol of the slot, which typically carries control signal that will be less impacted by a few tenth us of CP puncturing.


Figure 2. NCP/ECP slot-level multiplexing based on scaled LTE numerology up to SCS = 60kHz
In the case of TDD self-contained slot, this problem may be easier to resolve thanks to the presence of guard period (GP). 
[image: ]
Figure 3. TDD NCP/ECP slot-level multiplexing 
As shown in Figure 3, TA could be used to adjust the location of UL symbol for ECP and NCP, they could be aligned differently with different tradeoffs.
Other CP overhead discussions
Note that, one reason that scalable numerology of LTE ECP is not a favorable choice is due to 
1) its excessive CP overhead in the use cases for eMBB
2) difficulty to multiplex with other NCP users at small time granularity level to support URLLC
Hence we propose the following:
Proposal 1: NR slot is defined as 14 symbols of NCP numerology family for eMBB

which provides more options for numerology designs in future releases.
Mini-slot alignment and scheduling
Efficient multiplexing of different numerology in the same carrier is very useful for a variety of use cases for which some additional numerology design requirements need to be met. Mini-slot is defined to achieve low latency and better system utilization. Note that due to the working assumption of SCS = 15kHz LTE based scalable numerology. Each slot may not contain integer number of multiple mini-slots. And the scalability becomes challenging (note also that, to be able to achieve that scalability, power of 2 symbol per subframe design will be very useful). 


Figure 7. Issues of subframe multiplexing based on scaled LTE numerology
Nevertheless, even in such scenarios, we would like to have multiple mini-slots occupying the same slot without wasting resource. In the same carrier, URLLC mini-slot duration should be defined in terms of the number of eMBB data it spans with the same numerology, for example 1, 2 or 4 symbols of eMBB data numerology (still preferably in power of 2 scaling to facilitate multiplexing across numerologies). the following is proposed:

Proposal 2: In the same carrier, each eMBB slot (or scheduling unit) should contain integer multiples of URLLC mini-slot, which may not be of the same mini-slot duration. Alternative way of mini-slot across slot boundary is FFS.

For example, eMBB SCS = 30kHz, slot duration = 14 symbols, mini-slot of 2 symbol, then each slot could contain seven 2-symbol-mini-slot. Alternatively, it could also one 2-symbol-mini-slot followed by three 4-symbol-mini-slot. Note that, this slotted structure of ensures that 1) URLLC only needs to monitor control at fixed intervals 2) URLLC scheduling/packing could be done in an efficient manner.


Figure 7. slotted structure of mini slots in a slot
Other CP overhead discussions
Note that with the mini-slot structure, it is difficult to design different CP overhead scalable across different numerologies and at the same time have mini-slot boundary aligned with NCP mini-slot. Since, it is observed that scalable numerology could cover most use cases that require long CP, they should be designed such that mini-slot boundary is aligned with the corresponding NCP mini-slot to ensure efficient multiplexing. However, based on current simulation evaluation, long CP only incurs unnecessary overhead loss and does not provide any performance gain in URLLC scenarios. Also designing the longer CP to be aligning at mini-slot boundary will have the benefit of longer CP compared with otherwise in conjunction with the benefit of reducing overhead loss due to misalignment.
Conclusion
[bookmark: _Ref442441852][bookmark: _Ref441562466]Proposal 1: NR slot is defined as 14 symbols of NCP numerology family for eMBB

Proposal 2: In the same carrier, each eMBB slot (or scheduling unit) should contain integer multiples of URLLC mini-slot, which may not be of the same mini-slot duration. Alternative way of mini-slot across slot boundary is FFS.
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