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1 [bookmark: _GoBack]Introduction
This contribution discusses symbol level alignment across different subcarrier spacings with the same CP overhead which was agreed as working assumption at RAN1#86. Symbol level alignment across different subcarrier spacings for different CP overhead is discussed on a companion contribution [1]:
	Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms

Working assumption:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
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2 Symbol level alignment across different subcarrier spacings with the same CP overhead
The symbol level alignment across different subcarrier spacings with the same CP overhead can be achieved in multiple ways:
Alt.1 (see Figure 1)
· First N symbols with long CP and remaining symbols with short CP within 0.5 ms
· The long CP length of subcarrier spacing (Nx15) kHz is scaled from the one of subcarrier spacing 15 kHz.
· The short CP length of subcarrier spacing (Nx15) kHz is scaled from the one of subcarrier spacing 15 kHz.
Alt.2 (see Figure 2)
· First single symbol with long CP and remaining symbols with short CP within 0.5 ms
· The long CP length of subcarrier spacing (Nx15) kHz is scaled and adjusted further from the one of subcarrier spacing 15 kHz.
· The short CP length of subcarrier spacing (Nx15) kHz is scaled from the one of subcarrier spacing 15 kHz.
In both Alt.1 and Alt.2, for the case of scale factor larger than 2 (N > 2), the subframe length within 1 ms is not uniform, e.g. 250.26 us and 249.74 us for 60 kHz numerology (N = 4). On the other hand, we investigate some CP patterns to provide not only symbol boundary alignment but also uniform slot duration among 15 kHz, 30 kHz, and 60 kHz.


Alt.3 (see Figure 3)
· Find two CP lengths of L (longer CP) and S (shorter CP) for 2m x 15kHz subcarrier spacing by using the recurrence formula as follows 
· TCP[l, m] = TCP[2l, m+1] + TCP[2l+1,m+1], where TCP[l, m] is CP length of the l-th OFDM symbol for 2m scaled subcarrier spacing (l = 0,1,…, m = 0,1,…).
· Start with the CP pattern (L, S, S, S, S, S, S) used in 15 kHz subcarrier spacing
· A unique CP pattern is found providing symbol boundary with uniform slot duration as:
· (L, L, S, L, S, L, S) for 30 kHz subcarrier spacing and (L, S, S, L, S, S, S) for 60 kHz subcarrier spacing
Table 1 summarizes the corresponding CP length for each alternative. 
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Figure 1: Alt.1 (longer symbols marked in gray)
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Figure 2: Alt.2 (longer symbols marked in gray)
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Figure 3: Alt.3 (longer symbols marked in gray)
Table 1: CP length with different subcarrier spacing
	Subcarrier spacing
	CP length (μs / samples, Ts)

	
	Alt.1
	Alt.2
	Alt.3

	15 kHz
(Ts=1/(15000x2048))
	Set 1: 5.21 us / 160 Ts 
(l = 0)
4.69 us / 144 Ts 
(l=1, 2,…, 6)
	Set 1: 5.21 us / 160 Ts 
(l = 0)
4.69 us / 144 Ts 
(l=1, 2,…, 6)
	Set 1: 5.21 us / 160 Ts 
(l = 0)
4.69 us / 144 Ts 
(l=1, 2,…, 6)

	30 kHz
(Ts=1/(30000x2048))
	Set 1: 2.60 us / 160 Ts 
(l =0, 1)
2.34 us / 144 Ts 
(l=2,…, 6)
Set 2: 2.34 us / 144 Ts 
(l=0,…, 6)
	Set 1: 2.86 us / 176 Ts 
(l =0)
2.34 us / 144 Ts 
(l=1,…, 6)
Set 2: 2.34 us / 144 Ts 
(l=1,…, 6)
	Set 1: 2.60 us / 160 Ts 
(l = 0,1,3,5)
2.08 us / 128 Ts 
(l=2,4,6)

	60 kHz
(Ts=1/(60000x2048))
	Set 1: 1.30 us / 160 Ts 
(l =0, 1, 2, 3)
1.17 us / 144 Ts 
(l=4, 5, 6)
Set 2: 1.17 us / 144 Ts 
(l=0, …, 6)
Set 3: 1.17 us / 144 Ts 
(l=0, …, 6)
Set 4: 1.17 us /144 Ts 
(l=0, …, 6)
	Set 1: 1.69 us / 208 Ts 
(l =0)
1.17 us / 144 Ts 
(l=1, …, 6)
Set 2: 1.17 us / 144 Ts 
(l=1, …, 6)
Set 3: 1.17 us / 144 Ts 
(l=1, …, 6)
Set 4: 1.17 us / 144 Ts 
(l=1, …, 6)
	Set 1: 1.75 us / 192 Ts 
(l = 0,3)
1.04 us / 128 Ts 
(l=1,2,4,5,6)



3 Conclusions
In this contribution, possible alternatives supporting time alignment among different numerologies with same CP overhead have been discussed. Based on the discussion, we propose the following:
Proposal: RAN1 should consider the proposed alternatives (summarized in Table 1) for supporting time alignment among different numerologies with same CP overhead.
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