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1. Introduction 
This contribution discusses time interval multiplexing and alignment between different numerologies. NR will support various subcarrier spacing values through scaling the 15 kHz base subcarrier spacing. In RAN1#85, approaches for timing alignment were discussed and after long discussions, the 1 ms level alignment was agreed: 

· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
On the other hand, the symbol boundary alignment [2] failed to reach a consensus due to technical issues. This contribution compares the two approaches, 1 ms interval and symbol level alignments, and confirms that the above agreement of 1ms level alignment is technically right direction and sufficient to support multiplexing and alignment of time intervals of different subcarrier spacing. Also, in order to make further progresses based on the 1ms level alignment, we propose design principles to decide on the numerologies of the subframes for the subcarrier spacing other than 15 kHz subcarrier spacing and aligning the subframes in a straightforward way. 
2. CP and Symbol numerology for 15 kHz subcarrier spacing
The 15 kHz base subcarrier spacing intends to align with the LTE numerology. In each slot of LTE DL and UL with normal cyclic prefix, the first symbol takes longer CP duration than the other six symbols as shown below [1]:
Table 1. CP and symbol duration within the 0.5 ms LTE slot duration.
	Symbol index
	CP duration
	Useful signal duration
	Total symbol duration

	l=0
	5.208 s
(160 samples)
	66.667 s
(2048 samples)
	71.875 s
(2208 samples)

	l=1,2…,6
	4.688 s
(144 samples)
	66.667 s
(2048 samples)
	71.354 s
(2192 samples)


3. Multiplexing and alignment of multiple time intervals within 1 ms 
The figures below compare symbol level and subframe level alignments. For the discussion purposes, the term “subframe” stands for the 1ms time interval of 14 OFDM symbols for the 15 kHz subcarrier spacing case. In addition, Time Interval X for a given subcarrier spacing is assumed to be an interval with 14 OFDM symbols with normal CP and scales up or down in according to the scaling of the subcarrier spacing with reference to 15 kHz. For example, 30 kHz and 60 kHz subcarrier spacing will have time interval X of 0.5 ms and 0.25 ms, respectively.

Figure 1 illustrates multiplexing of time intervals of 60 kHz subcarrier spacing within 1 ms. Figure 1(a) and 1(b) correspond to subframe level and symbol level alignments, respectively. In case of the subframe level alignment shown in Figure 1(a), each time interval for fsc=60 kHz has exactly the same 0.25 ms duration. On the other hand, symbol level alignment results in different CP and symbol duration in respective time intervals within the 1 ms duration as seen in Figure 1(b) where =0.52 us as can be calculated from Table 1. This is because the 1st symbol of the 15 kHz base subcarrier spacing has longer CP than the other six symbols in each 0.5 ms slot. As a result, the symbol level alignment causes the baseband processing timing becomes different between the 0.25 time intervals. Also, performance against delay spread and timing errors can be different as well.

The subframe level alignment, which has been agreed in RAN1#85, enables identical Tx/Rx processing and the same numerology between the time intervals within 1 ms duration. Also, it provides more flexibility in multiplexing time intervals of different subcarrier spacing as shown in Figure 2. For an example, the 1st symbols within each half of 0.25 ms time interval have longer CPs than the other six symbols, and as another design alternative, it is also possible that all the symbols have an identical CP length. On the other hand, with the symbol level alignment shown in Figure 1(b), CP lengths of the symbols for 60 kHz subcarrier spacing is controlled by duration of the corresponding symbol of 15 kHz subcarrier spacing. 
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(a) Subframe level alignment
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(b) Symbol level alignment
Figure 1. Multiplexing of 60 kHz subcarrier spacing time intervals within 1 ms.
Based on the discussions, the followings are proposed and they enable uniform configuration of time interval X within 1 ms duration.
Proposal 1 (even split of 1 ms duration)
· Duration of a time interval X for a given subcarrier spacing for cases of 15 kHz or larger is identical throughout the 1ms duration.
· E.g., 60 kHz subcarrier spacing can have four instances of time interval X of exactly the 0.25 ms duration, each of which consists of 14 OFDM symbols with the normal CP type.
Proposal 2 (single numerology for each subcarrier spacing and CP type)
· Time interval X for a given subcarrier spacing and CP type has a single and identical numerology in all instances of the time interval X within the 1ms duration.

· E.g., in Figure 1(a), CP length is identical for a given symbol index among the 0.25 ms time intervals.
Figure 2 shows a case that time intervals of 30 kHz and 60 kHz subcarrier spacing are multiplexed within a 1 ms duration. This figure clearly illustrates the benefits of subframe level alignment compared to symbol level alignment. With the subframe level alignment, the time intervals for 30 kHz and 60 kHz subcarrier spacing can have exactly the same numerology in all the corresponding instances of the time intervals within the 1 ms duration, as shown in Figure 2(a). For the illustration purpose, the 1st symbols within each half of 0.25 ms time interval have longer CPs than the other symbols, and the CP length can be adjusted so that all the symbols have an identical CP length for a given subcarrier spacing.
On the other hand, the symbol level alignment results in undesirable configuration of the CP length as seen in Figure 2(b). For example, the symbols #0 and #1 in the 2nd half of the 0.5 ms time interval have much longer CP than the other symbols because the 1st symbol of 15 kHz base subcarrier spacing has a longer CP than the other symbols. Even more, the two time intervals for the 60 kHz subcarrier spacing, located at the start and end of the 1 ms duration, have different CP length configurations each other.
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(a) Subframe level alignment
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(b) Symbol level alignment
Figure 2. Multiplexing of 30 kHz and 60 kHz subcarrier spacing time intervals within 1 ms.

4. Alignment of time intervals for < 15 kHz subcarrier spacing cases  
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Figure 3. Alignment of time interval for a larger than 15 kHz subcarrier spacing case.

The cases of smaller than 15 kHz subcarrier spacing result in time intervals longer than 1 ms with 14 OFDM symbols. For example, 7.5 kHz and 3.75 kHz subcarrier spacing have 2 ms and 4 ms time intervals for 14 OFDM symbols, respectively. As similar to the cases of less than 15 kHz subcarrier spacing, the 1 ms subframe boundary can be a reference for the timing alignment as illustrated in Figure 3. The start and end of the 4 ms time interval for the 3.5 kHz subcarrier spacing are aligned with boundaries of 1 ms time intervals of the 15 kHz subcarrier spacing. 
Figure 4 illustrates a case that time intervals of various subcarrier spacing are multiplexed together and aligned at boundaries of 1 ms time intervals. The subframe level alignment allows a single and identical numerology for each of the subcarrier spacing values to be multiplexed and aligned.  
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Figure 4. Multiplexing of mixed numerologies within 1 ms.

For cases of subcarrier spacing smaller than 15 kHz, the following is proposed in addition to the agreement made for the case of subcarrier spacing larger than 15 kHz in the last RAN1#85.
Proposal 3 (1 ms boundary alignment for <15 kHz subcarrier spacing cases)
· The start and end of a time interval X for a subcarrier spacing smaller than 15 kHz are aligned with 1 ms boundaries of 15 kHz subcarrier spacing subframes.
5. Conclusion 

In this contribution, we have discussed multiplexing and alignment of time intervals of different subcarrier spacing. The 1ms level alignment enables to employ a single and identical numerology across the time intervals for a given numerology. Also, the CP length of each symbol can be flexibly decided considering deployments scenarios and any other need, unlike the symbol level alignment. Accordingly the followings are proposed:
Proposal 1 (even split of 1 ms duration)
· Duration of a time interval X for a given subcarrier spacing for cases of 15 kHz or larger is identical throughout the 1ms duration.

Proposal 2 (single numerology for each subcarrier spacing and CP type)
· Time interval X for a given subcarrier spacing and CP type has a single and identical numerology in all instances of the time interval X within the 1ms duration.
Proposal 3 (1 ms boundary alignment for <15 kHz subcarrier spacing cases)
· The start and end of a time interval X for a subcarrier spacing smaller than 15 kHz are aligned with 1 ms boundaries of 15 kHz subcarrier spacing subframes.
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