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1 Introduction
In 3GPP RAN1#85 [1], the following working assumptions and agreements are made : 
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Working assumption:
· In the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, the following applies:

· Baseline: Symbol boundary is aligned with LTE of normal CP
Agreements:
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
In 3GPP RAN1#85, R1-165583 “WF on Scalable Numerology Symbol Boundary Alignment” discussed whether symbol boundary alignment shall be followed on different numerology

· For scaled numerology Fs = F0*M, (where Base numerology contains N symbols per ms and scaled numerology contains N*M symbols per ms)
· Each symbol length (including CP) of base numerology (w/ SCS = F0) equals the sum of the corresponding M symbols of scaled numerology (w/ SCS = Fs)
There was no conclusion on the question, and it is analyzed further in this contribution.
2 Discussion
The question is that whether symbol boundary alignment shall be followed between numerology with 15kHz and larger subcarrier spacing? As shown in Figure 1, 60kHz Numerology A is not in symbol alignment to 15kHz numerology, and 60kHz Numerology B is in symbol alignment to 15kHz numerology
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Figure 1. Examples of “not in symbol alignment” and “in symbol alignment”
Some aspects are examined for the property of the symbol alignment.

2.1 OFDM symbol alignment
It is more nature to align symbol boundary if number of OFDM symbols per subframe is power of 2 and all OFDM symbols have the same symbol length including CP, as proposed in [2], where 17.5kHz subcarrier spacing is the corresponding proposal. 
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Figure 2. Examples of “15k/60kHz Numerology” and “17.5k/70kHz Numerology”
However, it was analysed in [3], that there are some drawbacks regarding to 17.5kHz solution compared to 15kHz solution
· 17.5kHz has larger CP overhead (8.57%), compared to the normal CP in 15kHz (6.67%).

· In 17.5kHz, support of longer CP for services facing large channel delay spread (e.g. MBMS) requires decreasing subcarrier spacing and the maximal supported UE mobility may decrease at the same time when the subcarrier spacing decreases for longer CP. Furthermore, it also requires larger FFT size to support the same channel bandwidth. In 15kHz, extended CP can be applied without changing the maximal supported UE mobility and FFT size to support the same channel bandwidth though it may suffer larger CP overhead (20%). 

· For in-band coexistence between NR and LTE/NB-IoT, 17.5kHz requires guard band (~10%) while 15kHz doesn’t require one if NR and LTE/NB-IoT are synchronized. Considering site sharing between NR and LTE/NB-IoT within one operator, synchronous NR and LTE/NB-IoT should be the most common case.
· Compared to 15kHz, additional hardware complexity may be needed for 17.5kHz to generate a sampling rate which is not an integer multiple of UTRA/LTE one by single local oscillator in NR.

Due to the above reasons, RAN1 concludes on 15kHz as the baseline design assumption for the NR numerology in RAN1#85, and it is less natural to force 15kHz solution to follow symbol boundary alignment properties.
Observation #1: Symbol boundary alignment property is naturally supported by 17.5kHz solution, not15kHz solution. Since 15kHz is chosen as the working assumption, it’s not necessary to force 15kHz solution to follow symbol boundary alignment property unless there are big flaws.
2.2 Scaling relationship between different numerologies

As in 60kHz Numerology A, it is simply scaled from 15kHz numerology, although it results in “not in symbol alignment”. However, this makes NR devices have common design easily across different numerologies, for example, the way to remove CP, the common filtering design with numerology-specific optimized parameter of each module, …, etc. All these procedures can be handled based on a X-OFDM-symbol-basis. For example, the X could be 7 as shown in Figure 1, and in the first OFDM symbol among every 7 OFDM symbols, CP length may be removed by 5.21us/1.3us for 15kHz/60kHz numerology, and in other OFDM symbols, CP length may be removed by 4.69us/1.17us.
In addition, it is easier to define numerology-specific subframe/TTI. For example, one may define subframe/TTI as 0.125ms for 60kHz Numerology A. With 0.125ms TTI for 60kHz, 1ms of URLLC latency requirement is achievable. However, it is not possible to define a fixed numerology-specific subframe/TTI, which is smaller than 0.5ms, for 60kHz numerology B. 
Observation #2: Forcing 15kHz solution to follow symbol boundary alignment property rules out the possibility of fixed subframe time length, and also complicates the TX/RX behavior.
2.3 ICI from different numerology regarding to FDM multiplexing
When different numerologies are FDM multiplexed, ICI (inter-carrier interference) occurs in the frequency boundary. “Whether symbol boundary is aligned or not” does not influence the amount of ICI too much. Simulation is performed to compare the ICI. As shown in Figure 3, ICI Cases A/B/C/D represents different cases of 15kHz numerology, interfered by 60kHz numerology. ICI Cases E/F/G/H represents different cases of 60kHz numerology, interfered by 15kHz numerology. Two important simulation settings are given as the below

1. AWGN channel with SNR=25dB

2. There is no guard tone between 15kHz and 60kHz numerologies
As shown in Figure 4, taking Case A for 15kHz numerology as example, one may find that interference is larger near the boundary of two different numerologies. Comparing Cases A/B/C/D, ICI in different cases are similar, which verifies that whether symbol boundary is aligned or not does not influence the amount of ICI too much. Similar phenomenon is observed for Cases E/F/G/H regarding to 60kHz numerology, interfered by 15kHz numerology.
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Figure 3. ICI Cases A~H
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Figure 4. ICI simulation results
Observation #3: Symbol boundary alignment does not reduce the ICI level between different numerologies.
Regarding to DL/UL switching for TDD, when different numerologies are FDM multiplexed at least with guard-tones, the DL-to-UL-interference or UL-to-DL-interference can be diminished, and DL/UL switching can be performed independently. If the system does prefer to co-ordinate DL/UL transmission so that there is no mutual DL/UL interference at all, both numerologies A/B are feasible, as shown in Figure 5.
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Figure 5. DL/UL switching in TDD scenario
Observation #4: Even without symbol boundary alignment, DL/UL switching still works without big issue when different numerologies coexist within a carrier.
3 Conclusion
“Wheather symbol boundary alignment shall be followed on different numerology” has been analyzed, and we have the below observations. 

Observation #1: Symbol boundary alignment property is naturally supported by 17.5kHz solution, not15kHz solution. Since 15kHz is chosen as the working assumption, it’s not necessary to force 15kHz solution to follow symbol boundary alignment property unless there are big flaws.
Observation #2: Forcing 15kHz solution to follow symbol boundary alignment property rules out the possibility of fixed subframe time length, and also complicates the TX/RX behavior.
Observation #3: Symbol boundary alignment does not reduce the ICI level between different numerologies.
Observation #4: Even without symbol boundary alignment, DL/UL switching still works without big issue when different numerologies coexist within a carrier.
According to the above observations, we proposed that 

Proposal #1: “Symbol boundary alignment” is not necessary across numerologies with 15 kHz and larger subcarrier spacing with scaling factors of  N =2n .
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