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Introduction
In the last RAN plenary (RAN#71), a study item on ‘New Radio Access Technology’ was approved [1] based on consensus that a new non-backward compatible radio access technology needs to be developed in order to meet the challenges of next generation cellular communications. The SI will study and evaluate potential technologies targeted for meeting key 5G requirements under future 5G deployment scenarios and applications.
In RAN1#84bis, it was agreed that NR will support multiple subcarrier spacings with details on the base subcarrier spacing to be further discussed in RAN1#85. The following alternatives were captured in the chairman’s notes as possible candidates.
· 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 length
· 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
In this contribution, we summarize Samsung’s view on the issue and propose a possible way forward.
Comparison of candidate subcarrier-spacing values
1 
2 
Subcarrier spacing for OFDM needs to consider multiple requirements such as low complexity, low CP overhead, and robustness against Doppler spread. Although all four alternatives can meet these requirements to some degree, there are differences. In the following table, we provide a numerical comparison of the four alternative for a system bandwidth of 20MHz.
[bookmark: _Ref450666392]Table 1. Numerical comparison of four alternatives for base subcarrier spacing.
	 
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4

	Subcarrier spacing (kHz)
	15
	17.5
	17.07
	21.33

	Maximum BW (MHz)
	20
	20
	20
	20

	FFT size
	2048
	2048
	1800
	1440

	Sampling rate (MHz)
	30.72
	35.84
	30.72
	30.72

	Symbol length (usec)
	66.67
	57.14
	58.59
	46.88

	CP length (usec)
	4.76 (avg)
	5.36
	3.91
	15.63

	Symbol+CP (usec)
	71.43
	62.50
	62.50
	62.50

	# of symbol per 1 msec
	14
	16
	16
	16

	CP overhead
	6.67%
	8.57%
	6.25%
	25.00%


Although not captured in Table 1, there are other characteristics worth mentioning. The following bullets summarizes these aspects:
· Alternative 1: Proposed numerology is basically a reuse of LTE numerology. CP length can be modified without changing subcarrier spacing.
· Alternative 2: Proposed numerology is designed to maintain 2m OFDM symbols per TTI (ex: 0.5 msec or 1 msec). CP length and subcarrier spacing are coupled together. In other words, in order to increase CP length, subcarrier spacing needs to be decreased.
· Alternatives 3 and 4: These alternatives make up a single proposal for NR numerology. Alternative 3 is designed for typical use case while Alternative 4 is designed for deployment scenarios requiring larger CP lengths.
[bookmark: _GoBack]Alternative 1 is based on LTE numerology with an option to linearly scale the subcarrier spacing and relevant parameters. As a result, the sampling rate for alternative 1 is identical to LTE or can be obtained by a multiplying an integer value. This characteristic is beneficial considering the fact that most of the NR terminals in the early phase of deployment will support LTE as well as NR. Another aspect to consider is the OFDM symbol duration in the context of LTE-NR coexistence. In Alternative 1, NR numerology is derived by multiplying 15 kHz by an integer value, N. The result of this integer scaling of subcarrier spacing is an OFDM symbol duration that is 1/N of LTE. In other words, if NR is designed with a subcarrier spacing of 15N kHz, N OFDM symbols will occupy the same time duration as 1 LTE OFDM symbol. Figure 1 shows this timing relationship for N=1 (15 kHz) and N=2 (30 kHz).
[image: ]
[bookmark: _Ref450656087]Figure 1. OFDM symbol timing for LTE and Alternative 1 with subcarrier spacing of 15 kHz and 30 kHz.
Designing NR numerology so that its symbol timing is well aligned with LTE is beneficial in terms of LTE-NR coexistence. LTE-NR coexistence refers to the case where a common spectrum is utilized by LTE and NR. Depending on the loading of LTE and NR systems, wireless resources can be assigned to LTE, NR, or both. For example, if there is no downlink LTE traffic, NR downlink transmissions can be made on time resources where LTE has MBSFN subframes configured. In this case, the NR downlink transmissions can be made from the 2nd or 3rd LTE OFDM symbol since the first one or two OFDM symbols will still be used by LTE for DCI transmission, for example UL grants to schedule UL transmissions, PHICH, or CRS. More details on LTE-NR coexistence can be found in [2]. Note that it would also be possible to support LTE-NR coexistence even if the symbol timing is not as well aligned as in Figure 1. However, resource efficiency would be adversely affected in this case due to misaligned symbol timing.
Alternative 2 utilizes a base subcarrier spacing of 17.5 kHz. The motivation to deviate from LTE’s 15 kHz is to maintain 2m OFDM symbols per TTI. In order to achieve this, subcarrier spacing and CP length are coupled together. Simply put, in order to double the CP length, subcarrier spacing has to be halved. Maintaining 2m OFDM symbols per TTI seems to have some design benefits however, we do not think this should be the ultimate goal of designing NR numerology and there can be drawbacks when considering coexistence with LTE such as for example interference cancellation at an eNB. One thing to further consider is the need to couple the subcarrier spacing with the CP length. As of now, this requirement seems overbearing and inflexible. For example, verticals such as broadcast could require the support of wider subcarrier spacing and larger CP lengths. Wider subcarrier spacing would be needed to provide robustness for high Doppler terminals while larger CP length would be needed for SFN transmissions from multiple sites. Alternative 2 would not be able to meet both requirements at the same time.
Alternatives 3 and 4 are part of a single proposal designed to address the need for normal CP lengths and extended CP lengths. Both alternatives are quite similar to Alternative 2 in that they are designed to maintain 2m OFDM symbols per TTI. One difference is the approach taken to realize a larger CP length. Unlike Alternative 2 which reduces the subcarrier spacing to achieve larger CP length, Alternative 4 utilizes a larger subcarrier spacing to achieve the same goal. Similar to Alternative 2, the symbol timing is not well aligned with LTE resulting in resource inefficiency for LTE-NR coexistence. Another downside of Alternatives 3 and 4 is that multiple base subcarrier spacing of 17.06 kHz and 21.33 kHz have to be implemented in order to support larger CP durations.
[bookmark: _Ref450670085]Table 2. Summary of observation on different alternatives for base subcarrier spacing.
	
	Alternative 1
	Alternative 2
	Alternative 3 & 4

	Flexibility in supporting different subcarrier spacing and CP lengths
	Good
	
	Good (but requires support of two base subcarrier spacing)

	LTE-NR coexistence
	Good
	
	

	NR design perspective
	
	Good (but actual benefits unclear)
	Good (but actual benefits unclear)

	Complexity
	Good
	Good
	


Based on the observations summarized in Table 2, our preference on NR subcarrier spacing is Alternative 1.
Conclusions
In this contribution, we discussed the base subcarrier spacing for NR numerology. Among the four different alternatives identified in RAN1#84bis, we observed that supporting a base subcarrier spacing of 15 kHz and deriving additional subcarrier spacings by multiplying this value by an integer has benefits in terms of LTE-NR coexistence and flexibility. Therefore, our proposal on the issue is to adopt Alternative 1.
Adopt the following: NR subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology).
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