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Introduction
In the last RAN1#84bis meeting, study and specification work for 5G new radio (NR) interface was initiated and as the first step there were initial discussions on the new numerology [1]. The discussion focused on the choice of subcarrier spacing for the base numerology targeting the legacy cellular spectrum, and its scalability. The two issues will be concluded in RAN1#85. In this contribution, we provide our view on the numerology issues and a proposal of the overall numerology set for the NR.

Discussion
Base numerology
For the base numerology, two alternatives competed in the last meeting. One was LTE-based numerology, i.e., 15 kHz subcarrier spacing, and the other was new numerology with 2^N OFDM symbols equally sized in 1 ms. As the new one, 17.5 kHz, 17.06 kHz, and 21.33 kHz subcarrier spacing values were proposed [1]. The major discussion points on the NR subcarrier spacing were forward compatibility (i.e., NR optimization) [2-3] and backward compatibility (i.e., coexistence with LTE) [4-5]. Here is the view on each aspect.

Coexistence of NR and LTE
The coexistence of the NR and the LTE may take place in early NR deployment scenarios where a partial LTE spectrum could be re-farmed to support the NR system. Some possible scenarios are identified as follows:

(1) NR carrier and adjacent LTE TDD carrier
If the NR adopts the 2^N numerology, UL/DL misalignment between the NR and the LTE carriers can be created due to symbol boundary mismatch. This seems not a serious problem; Insertion of another OFDM symbol to the guard period either in the NR or in the LTE side per LTE UL/DL switching periodicity, i.e., 5 ms or 10 ms, is enough to avoid the UL-DL interference caused by the OOB emission.

(2) LTE NB-IoT carrier in the NR carrier
Once a NB-IoT carrier is assigned in in-band or guard-band operation mode, it may keep working even after the normal LTE carrier is re-farmed. In this case, the NR and the NB-IoT carriers with 15 kHz subcarrier spacing are desirable to keep zero guard-band assuming perfect time-frequency synchronization. According to the agreement of RAN1#84, NB-IoT DL carriers can be allocated every 5th PRB except the cell search bandwidth. Therefore, regarding that the multiple number of NB-IoT carriers will be allocated for massive NB-IoT devices in near future in either in-band or guard-band operation mode, the numerology compatible with LTE would be better for the NR.

(3) LTE SCell on/off in the NR carrier [7]
This type of operation may be helpful for traffic offloading when the traffic variation for LTE UEs is large. Since the NR can configure blank frequency resources for a future-proof functionality, a LTE SCell within the NR can be switched on/off. Similar to the above case, 15 kHz subcarrier spacing is favorable to minimize the required blank resources.
Observation 1: 15 kHz subcarrier spacing for the NR is beneficial for NR-LTE coexistence scenarios.

Scaling of TTI
The TTI length in the NR can be scaled either by subcarrier spacing or the number of OFDM symbols. In terms of the subcarrier spacing based scaling, multiplexing or coexistence of PDSCH transmissions based on multiple TTI lengths, i.e., puncturing of an eMBB packet by a just arrived URLLC packet or PDSCH-to-PDSCH interference between cells configured with different TTI lengths, can be effectively managed by composing a subframe with 2^N OFDM symbols. However, the puncturing case will happen when multiple OFDM numerologies consists of a carrier. Need of the mixed numerology within a carrier except mMTC use cases should be further investigated. In terms of the number of symbols based scaling, modular design ensuring 2^N symbols per every TTI may reduce the specification and implementation complexity.
Observation 2: For TTI scaling based on subcarrier spacing, multiplexing or coexistence of PDSCH transmissions based on multiple TTI lengths can be effectively managed by composing a subframe with 2^N OFDM symbols, but the need of multiple numerologies within a carrier except mMTC use cases should be further investigated.
Observation 3: For TTI scaling based on number of symbols, modular design ensuring 2^N symbols per every TTI may reduce the specification and implementation complexity.

Design of signals and channels
Larger number of symbols per subframe is beneficial for design of signals and channels in several cases. Firstly, we should strive for ultra-lean design, i.e., common signals and channels should be time-localized within a minimum number of subframes, to develop operational flexibility and forward compatibility. In this aspect, it is desirable that subframe types of all subframes except a single fixed DL subframe are configurable within a period of the common signal/channel transmission. To this end, allowing to utilize two more symbols per subframe than LTE, i.e., 16 symbols, may be helpful to incorporate the common signals into a single subframe. The finer symbol resolution in time is also favorable to design self-contained special subframe in unpaired spectrum and signals and channels for sidelink or unlicensed spectrum where potential guard or header symbols may reduce the number of available symbols per subframe.
Observation 4: Larger number of symbols per subframe is beneficial for design of signals and channels.

To summarize, the LTE-based numerology is favorable to the joint NR-LTE deployment scenarios, while the new numerology with 2^N symbols is effective for design of the NR frame structure and the signal components. Probably the 2^N property may provide additional help in the detailed design. However, at this moment clear benefit of 2^N symbols in terms of the performance is not proven and considering that the LTE-A Pro will operate for at least the next decade as a crucial part of 5G, we slightly prefer to reuse the 15 kHz subcarrier spacing for the base numerology of the NR.
One aspect we should note is that allocating the same subcarrier spacing to the NR and the LTE carriers is not a necessary but a sufficient condition for ensuring zero or minimum ICI and guard band. There would be additional conditions that have to be satisfied such as the same PRB definition, the same center frequency location, and/or the same carrier raster spacing. We propose to jointly discuss these issues with the numerology design to reach a consistent decision.
Observation 5: The same subcarrier spacing of 15 kHz for the NR and the LTE is not a necessary but a sufficient condition for ensuring zero ICI and zero or small guard-band between carriers.
Proposal 1: Issues such as PRB definition, center frequency location, and carrier raster spacing for the NR are jointly discussed with the numerology decision.

Scaling of Numerology
In the last meeting, RAN1 also agreed the followings:
	Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting
· Alt. 1:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * 2m
· where
· f0 is FFS
· m is an integer chosen from a set of possible values
· Alt. 2:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * M
· where
· f0 is FFS
· M is an integer chosen from a set of possible positive values



Alt. 1 is one way of narrowing down Alt. 2. Although Alt. 2 provides a larger degree of design freedom, too many numerology sets should be avoided considering that UE may need to support multiple numerology sets valid in a frequency range to realize the band-agnostic numerology feature. In addition, some numerology combinations, e.g., 30 kHz and 45 kHz, would not be appropriate in terms of potential inter-numerology operations such as CA, dual connectivity, and mixed numerology in a carrier due to misalignment of subframe boundaries. In order to keep reasonable complexity with these operations, at least integer multiple relation of subcarrier spacings between any two NR numerologies should be satisfied.
Proposal 2: Integer multiple relation of subcarrier spacings between any two NR numerologies is satisfied for efficient inter-numerology operations.

Another relevant issue is how many CP types are supported in the NR. In the LTE, extended CP was introduced as a complementary means to support very large delay spread scenarios, but it has been rarely used. We think that a single CP type is sufficient for the NR as well to support all the currently identified use cases and scenarios since variable CP lengths are already supported by the numerology scaling. Very large delay spread and very high Doppler shift at the same time would not be a normal NR deployment scenario. Having two CP types is similar to having two different OFDM numerology sets which complicates the specification and the implementation. If longer CP-based initial access is supported as in LTE, the complexity may further be increased.
Proposal 3: A single CP type is supported for the NR.

Our proposal on the numerology sets for the NR is provided in the following table. The scaling of the numerology is based on Alt. 1 with f0=15 kHz and m=-2, -1, 0, 1, 2, 3, 4. We believe that the scaling law of fsc = f0 * Nm simplifies the control channel and information to support the CA, and Alt. 1 is a special case of N=2 providing the highest resolution. Alt. 1 may also be advantageous for band-agnostic frame structure design.
In the table, 6 or 7 numerology sets based on Alt. 1 are proposed from which the wide range of the NR spectrum will be covered with good spectrum efficiency. Set 1 and Set 2 can be mainly used for mMTC and MBMS/CoMP, respectively, but the usage of any numerology should not be restricted to a certain scenario. A radio frame duration is fixed to be 10 ms and the subframe duration scales inversely proportional to the subcarrier spacing with respect to 1 ms at 15 kHz subcarrier spacing. Need of 240 kHz subcarrier spacing for up to 100 GHz frequency and some parameters for Set 1 can be further discussed. Whether/how to consider the band-agnostic feature on system bandwidths is also an important design element.
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	Set 1
	Set 2
	Set 3
	Set 4
	Set 5
	Set 6
	[Set 7]

	Subcarrier-spacing [kHz]
	3.75
	7.5
	15
	30
	60
	120
	240

	Component carrier bandwidth [MHz]
	[Up to mMTC type and PRB definition]
	5, 10, 20, 40
	5, 10, 20, 40
	[5], 10, 20, 40, 80
	[10], 20, 40, 80, 160
	[20], 40, 80, 160, 320
	[40], 80, 160, 320, 640

	OFDM symbol length [us]
	266.67
	133.33
	66.67
	33.33
	16.67
	8.33
	4.17

	CP-length [us]
	19.05
	9.52
	4.76
	2.38
	1.19
	0.60
	0.30

	Number of symbols per subframe
	14
	14
	14
	14
	14
	14
	14

	Subframe length [ms]
	[4]
	2
	1
	0.5
	0.25
	0.125
	0.0625

	Frame length [ms]
	[10]
	10
	10
	10
	10
	10
	10



Conclusion
In this contribution, we addressed several issues on the numerology design for the NR and proposed our preferred numerology set. Our observations and proposals include:
Observation 1: 15 kHz subcarrier spacing for the NR is beneficial for NR-LTE coexistence scenarios.
Observation 2: For TTI scaling based on subcarrier spacing, multiplexing or coexistence of PDSCH transmissions based on multiple TTI lengths can be effectively managed by composing a subframe with 2^N OFDM symbols, but the need of multiple numerologies within a carrier except mMTC use cases should be further investigated.
Observation 3: For TTI scaling based on number of symbols, modular design ensuring 2^N symbols per every TTI may reduce the specification and implementation complexity.
Observation 4: Larger number of symbols per subframe is beneficial for design of signals and channels.
Observation 5: The same subcarrier spacing of 15 kHz for the NR and the LTE is not a necessary but a sufficient condition for zero ICI and zero or small guard-band between carriers.
Proposal 1: Issues such as PRB definition, center frequency location, and carrier raster spacing for the NR are jointly discussed with the numerology decision.
Proposal 2: Integer multiple relation of subcarrier spacings between any two NR numerologies is satisfied for efficient inter-numerology operations.
Proposal 3: A single CP type is supported for the NR.
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