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1. Introduction

In RAN #71 meeting, the study item, ‘Study on NR New Radio Access Technology’ was approved [1] aiming to develop an NR access technology to meet a broad range of use cases such as eMBB, massive MTC, and URLLC considering frequency ranges up to 100GHz. During the RAN1#84bis meeting [2], the following agreements on NR numerology were made:
· RAN1 will continue further study and conclude between following alternatives in RAN1#85 meeting
· Alt1: The subcarrier spacing for the NR scalable numerology should scale as

fsc = f0 * 2m
where f0 is FFS and m is an integer chosen from a set of possible values
· Alt2: The subcarrier spacing for the NR scalable numerology should scale as

fsc = f0 * M
where f0 is FFS and M is an integer chosen from a set of possible values
· All companies are requested to analyze/evaluate following aspects
· Realistic phase noise
· How each alternative allows mixing different numerologies
· All companies are requested to propose exact values of
· f0, m and M
Additionally, it was agreed that it is necessary to support more than one values of subcarrier-spacing for NR:
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)
· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.4: Subcarrier-spacing values 21.33 kHz
· Note: other alternatives are not precluded
· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
Taking into account the above agreements and the objectives of NR study item to cover multiple use cases and wide range of frequency bands, KT’s views on the base subcarrier-spacing value and the scaling values are provided in this contribution.
2. Discussion on NR numerology
1.1 Base Subcarrier-Spacing Value
In sub-6GHz, NR can be deployed in the same frequency band as LTE which is already broadly deployed in real network. In such case, it would be beneficial for NR to include 15 kHz subcarrier spacing (i.e., LTE based numerology), taking into account interference management between different RATs in neighbouring carriers. Additionally, in perspective of operators considering early NR deployment, it would be preferable to adopt LTE based numerology which could allow re-using a lot of LTE frame structure and designs. 
Alternative proposals such as 17.5 kHz, 17.06 kHz, or 21.33 kHz mainly aim to have uniform symbol duration including CP length within 1ms time period. However, it would be worth to note that NR design should be driven by market requirements and customers’ needs rather than by technology itself. In this regard, such proposals have to be justified based on concrete use cases and significant benefits in performance or implementation perspective.
Proposal 1:
· LTE based numerology including 15 kHz subcarrier-spacing should be the baseline for NR design 
· Alternative proposals have to be justified based on concrete use cases and significant benefits in performance or implementation perspective
1.2 Scaling Values
As mentioned above, RAN1 agreed that it is necessary to support multiple numerologies for NR. In our view, the main motivation for such multiple numerologies could be summarized by the following three aspects:
1. To efficiently utilize available NR bandwidths
2. To cover wide range of target frequency up to 100GHz

3. To support multiple use cases in the same carrier frequency
To efficiently utilize available bandwidth for NR
When a certain BW is available, it would be beneficial if the whole available BW can be used within a single component carrier (CC), i.e. without carrier aggregation for the sake of UL/DL control overhead reduction and cell management. 

In sub-6GHz, the largest contiguous bandwidth which is available for NR in Korea is 200MHz. In case of three operators, it is most likely that each operator would be allocated with 60 MHz. Therefore, it would be preferable if 45 kHz subcarrier spacing with 2048 FFT size is supported in NR under the assumption of LTE-based numerology. That is, LTE numerology times 3 could be needed for such NR operation in 60 MHz without carrier aggregation. Similarly, in case of two operators, each operator could have 100 MHz BW which corresponds to 75 kHz subcarrier spacing with 2048 FFT size, i.e. LTE numerology times 5 without carrier aggregation.

For 28GHz and 39GHz band under discussion in the US, most of the companies proposed 200MHz channel bandwidth. Therefore it would be desirable if CC bandwidth is compatible with 200MHz, i.e. 100MHz or 200MHz CC BW. 100MHz CC BW could be composed by 75 kHz subcarrier spacing with 2048 FFT size while 200MHz CC BW could be composed by either 75 kHz subcarrier spacing with 4096 FFT size or 150 kHz subcarrier spacing with 2048 FFT size under the assumption of LTE-based numerology.
In summary, the bandwidth scalability should be a relevant issue to available NR bandwidth for the operators. Given the above examples for utilizing available NR bandwidth, the scaling values for multiple numerologies should not be restricted in 2m.
Observation 1:
· Taking into account available BW for NR, there are some deployment cases that cannot be efficiently supported only with 2m scaling values for subcarrier spacing
To cover the wide range of NR target frequencies up to 100GHz
Since different carrier frequencies have different channel characteristics and phase noise effects, multiple subcarrier-spacing values for NR would be essential to cover the wide range of target frequencies. In order to provide such multiple subcarrier-spacing values, applying the scalable way as agreed in RAN1#84bis would be beneficial since a basic frame structure and design can be easily re-used for different carrier frequencies. 
However, it is quite difficult to find any reason why the scaling to support different carrier frequencies should be restricted in 2m values. Such 2m scaling values would benefit only when the subframe boundary for any of the supported numerologies needs to be tightly aligned with the multi-subframe boundary for any other supported numerology. Such tight alignment would be required if different carrier frequencies using different numerologies, e.g. sub-6GHz and above-6GHz, need to be supported with cross-carrier scheduling. Such cross-carrier scheduling in case of CA between sub-6GHz and above-6GHz seems not feasible due to too complex timing relationship between different numerologies.
Therefore, we would prefer to separately optimize the numerology design for different carrier frequencies, especially for sub-6GHz and over-6GHz, under the assumption of linear scaling values rather than being restricted in 2m scaling values.

Observation 2:
· The scalable way as agreed in RAN1#84bis would be beneficial for different carrier frequencies since a basic frame structure and design can be easily re-used
· However, it is quite difficult to find any reason why the scaling to support different carrier frequencies should be restricted in 2m values.

To support multiple use cases including eMBB, massive MTC, and URLLC in the same carrier frequency

Different use cases would need different subcarrier spacing values which are related to air-latency and coverage requirements. In order for NR system in a given carrier frequency to accommodate different types of UEs according to such different use cases in a dynamic way, scalable numerologies which correspond to scalable subcarrier spacing values would need to be supported. 
Figure 1 shows an example for such dynamic multiplexing of different types of UEs using scalable numerologies in the same carrier frequency. During the default system operation which would be for eMBB service in most cases, some of time/frequency resources could occasionally be used for different services such as URLLC and mMTC. In such case, the scalable numerology could provide efficient use of time/frequency resources allowing the subframe/RB boundary for one numerology to be aligned with the multi-subframe/RB boundary for other numerology.
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Figure 1: Dynamic resource allocation for different types of UEs
Even in case of such dynamic multiplexing between different use cases, it is not so clear why the scaling to support different use cases should be restricted in 2m values. Since we believe that the default NR system operation would be for eMBB services in most cases, it would be a sufficient design requirement that subcarrier spacing values for URLLC and mMTC should be multiplies or divisors of the one for eMBB rather than 2m scaling relationship. More important design factors should be the requirements derived for different use cases in [3] and [4]. Additionally note that if different use cases are deployed in different carrier frequencies without dynamic multiplexing, such alignment of subframe/RB boundaries would not be needed.
Observation 3:
· Since the base NR system operation would be for eMBB services in most cases, it would be a sufficient design requirement that subcarrier spacing values for URLLC and mMTC should be multiplies or divisors of the one for eMBB rather than 2m scaling relationship
· More important design factors should be the requirements derived for different use cases in [3] and [4]
Having discussed above, we would propose to optimize the numerology design for different carrier frequencies and different use cases under the assumption of linear scaling values rather than being restricted in 2m scaling values.

Proposal 2:
· The scalable numerologies should be designed under the assumption of linear scaling values rather than being restricted in 2m scaling values taking into account the following three aspects:
· To efficiently utilize available 5G bandwidths
· To cover wide range of target frequency up to 100GHz

· To support multiple use cases in the same carrier frequency
3. Conclusion
In this contribution, the base subcarrier-spacing value and the scaling values for scalable numerologies for NR were discussed taking into account the agreements made and the objectives on NR study item. 

Regarding the base subcarrier-spacing value, it is proposed that

Proposal 1:
· LTE based numerology including 15 kHz subcarrier-spacing should be the baseline for NR design 
· Alternative proposals have to be justified based on concrete use cases and significant benefits in performance or implementation perspective
Regarding the scaling values, it is observed that:

Observation 1:
· Taking into account available BW for NR, there are some deployment cases that cannot be efficiently supported only with 2m scaling values for subcarrier spacing
Observation 2:
· The scalable way as agreed in RAN1#84bis would be beneficial for different carrier frequencies since a basic frame structure and design can be easily re-used

· However, it is quite difficult to find any reason why the scaling to support different carrier frequencies should be restricted in 2m values.
Observation 3:
· Since the basic NR system operation would be for eMBB services in most cases, it would be a sufficient design requirement that subcarrier spacing values for URLLC and mMTC should be multiplies or divisors of the one for eMBB rather than 2m scaling relationship
· More important design factors should be the requirements derived for different use cases in [3] and [4]
Based on the above observations, it is proposed that
Proposal 2:
· The scalable numerologies should be designed under the assumption of linear scaling values rather than being restricted in 2m scaling values taking into account the following three aspects:

· To efficiently utilize available 5G bandwidths
· To cover wide range of target frequency up to 100GHz

· To support multiple use cases in the same carrier frequency
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