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1 Introduction
RAN1 has made working assumption of 15 kHz subcarrier spacing and scale factors N = 2n as the baseline design assumption for the NR numerology. In addition, it is agreed that the symbol boundary for 15 kHz subcarrier spacing is aligned with LTE as baseline. The corresponding agreements made at RAN1#85 are captured as following for reference:
	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
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered


During RAN1#85 discussion, a question was raised whether symbol alignment is needed or not. This contribution discusses symbol alignment across scaled numerology.
1 
2 
2 Symbol boundary misalignment when scaling LTE numerology
Scaling LTE numerology does not guarantee symbol boundary alignment across scaled numerology due to the inherited characteristic from LTE numerology, i.e. unequal symbol duration within 1 ms subframe (71.88 us for symbol#0 in each slot, 71.35 us for remaining symbols).
Table 1 provides the example numerologies with scale factor N and Figure 1 illustrates the symbol misalignment across scaled numerology when scaling LTE numerology.
Table 1: Example numerologies with various scale factors N
	Numerology
	CP length (μs)
	Symbol length (μs)
(excluding CP)
	Symbol length (μs)
(including CP)

	LTE (Normal CP)
	5.21 us (symbol index l = 0)
4.69 us (l=1, 2,…, 6)
	66.67 us
	71.88 us
71.35 us

	NR (N = 1, fsc = 15 kHz)
	5.21 us (l = 0)
4.69 us (l=1, 2,…, 6)
	66.67 us
	71.88 us
71.35 us

	NR (N = 2, fsc = 30 kHz)
	2.60 us (l = 0)
2.34 us (l=1, 2,…, 6)
	33.33 us
	35.94 us
35.68 us

	NR (N = 4, fsc = 60 kHz)
	1.30 us (l = 0)
1.17 us (l=1, 2,…, 6)
	16.67 us
	17.97 us
17.84 us

	NR (N = 5, fsc = 75 kHz)
	1.04 us (l = 0)
0.94 us (l=1, 2,…, 6)
	13.33 us
	14.38 us
14.27 us
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Figure 1: Illustration of symbol misalignment when scaling LTE numerology 
(longer symbols marked in gray; the symbols overlapping with blue arrow are not aligned with LTE symbols)
The observations with reference to above Figure 1 are as below:
N = 1 (15 kHz subcarrier spacing):
· Every symbol boundary is aligned with LTE symbol boundary.
N = 2 (30 kHz subcarrier spacing):
· Four symbol groups of 2-tuple are not aligned with LTE symbol boundary from LTE symbol#0 to LTE symbol#3 within 0.5 ms. The amount of misalignment is 0.26 us.
· Three symbol groups of 2-tuple are aligned with LTE symbol boundary from LTE symbol#4 to LTE symbol#6.
N = 4 (60 kHz subcarrier spacing):
· Six symbol groups of 4-tuple are not aligned with LTE symbol boundary from LTE symbol#0 to LTE symbol#5 within 0.5 ms. The amount of misalignment varies from 0.13 us up to 0.39 us
· A symbol group of 4-tuple is aligned with LTE symbol#6.
N = 5 (75 kHz subcarrier spacing):
· Six symbol groups of 5-tuple are not aligned with LTE symbol boundary from LTE symbol#0 to LTE symbol#5 within 0.5 ms. The amount of misalignment varies from 0.10 us up to 0.42 us
· A symbol group of 5-tuple is aligned with LTE symbol#6.

3 Do we need symbol alignment?
It appears that the needs for symbol alignment arise in some scenarios which require interference mitigation.
One applicable scenario would be the case of different numerologies multiplexed within a same NR carrier bandwidth. This scenario is for support of forward compatibility (i.e. to ensure smooth introduction of future services). Further, time interval X may be flexible per numerology and/or service.
In this scenario, the transmission with one numerology may affect the other transmission/reception with different numerology and the amount of interference would vary depending on the transmission/reception combinations. In Figure 1, for example, a short time interval transmission on symbol#2 (e.g. URLLC) with numerology of 30 kHz subcarrier spacing would interfere both symbol#0 and #1 with numerology of 15 kHz subcarrier spacing. If symbol boundary is aligned across scaled numerology, the symbol#0 with 15 kHz numerology may not be interfered from symbol#2 with 30 kHz numerology. Similarly, LTE-NR co-existence scenario (e.g. different subcarrier spacing between LTE and NR) can enjoy the potential benefit of symbol alignment.
On the other hand, the performance benefit from interference mitigation would depends on the transmission/reception combinations across numerology, e.g. symbol#4, #5, #6 with 15 kHz numerology would not suffer from this spilled over interference because those symbols are aligned with every two symbols with 30 kHz numerology. Note that 1 ms and 0.5 ms alignment is already supported. Further, scheduler may work around this interference situation at the cost of scheduling restriction even though symbol boundary is not aligned.
Therefore, it is proposed to investigate symbol alignment further taking into account NR scheduling operation, e.g. multiplexing options, subframe length, time interval X and so on.
Proposal: Investigate symbol alignment further taking into account NR scheduling operation, e.g. multiplexing options, subframe length, time interval X and so on.
4 Alternatives to achieve symbol alignment
In parallel with assessing the needs for symbol alignment, it is desirable to look into which options are on the table. The symbol alignment across scaled numerology can be achieved in multiple ways:
Alt.1: Relocating symbol position (see Figure 2)
· Scale LTE numerology by scale factor of N, then locate N longer symbols at the starting position such that 1 ms boundary is aligned. (the relocated symbols are shown with red number in Figure 2)
Alt.2: CP length adjustment (see Figure 3)
· Scale LTE numerology by scale factor of N, then lengthen the CP of first longer symbol (shown in red) and shorten the CP of next N-1 longer symbols (shown in blue) such that 1 ms boundary is aligned. 
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). The implication on this aspect should be studied further. In addition, it is FFS how to achieve symbol alignment in case N < 1 (e.g. 7.5 kHz subcarrier spacing).
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Figure 2: Alt.1 – Symbol alignment by relocating symbol position 
(longer symbols marked in gray; the relocated symbols are shown with red number)
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Figure 3: Alt.2 – Symbol alignment by CP length adjustment 
(longer symbols marked in gray; lengthened symbols in red number and shortened symbols in blue number)
5 Conclusions
This contribution discussed symbol alignment aspects including applicable scenarios, potential benefit and challenge, and possible alternatives. 
Proposal: Investigate symbol alignment further taking into account NR scheduling operation, e.g. multiplexing options, subframe length, time interval X and so on.
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