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1 Introduction

In last RAN1#86bis meeting, it was agreed to support symbol alignment across different subcarrier spacings with the same CP overhead [1]. However, it is still FFS whether to support symbol alignment for different CP overhead and how to support it.
This document will discuss first whether symbol-level alignment for different CP overhead is needed or not. In parallel, possible candidates to support symbol-level alignment will be provided. 

2 Discussion
2.1 Whether to support symbol alignment for different CP overhead
The following was agreed in RAN1#86 meeting [2]: 
Agreements:
· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
The above agreements are implying that different numerologies multiplexed within a same NR carrier bandwidth should provide similar coverage. This would naturally introduce the case that different SCSs (subcarrier spacings) have different CP overhead. 
Observation 1: If different numerologies multiplexed within a same NR carrier bandwidth should provide similar coverage, different subcarrier spacings have different CP overhead. 

In this scenario, similar to same CP overhead case, there would be a potential gain of symbol alignment in terms of interference mitigation, resource utilization, and latency. For example, if symbol boundary is aligned, some of symbols with baseline SCS or LTE SCS (e.g., 15 kHz) may not be interfered from the symbols with larger SCS (e.g., 60 kHz).

Another potential benefit could be efficient resource utilization and shorter latency in some particular scenarios. For example, URLLC control/data with 30 kHz or 60 kHz SCS could be transmitted within an eMBB’s scheduling unit with 15 kHz SCS. In this case, if symbol alignment is supported, then scheduling delay which is a waiting time before the transmission could be minimized and this may allow that less eMBB symbols are preempted as compared to non-symbol-level alignment case.

Observation 2: It is expected that symbol-level alignment across different subcarrier spacings with different CP overhead provides a potential benefit in terms of interference mitigation, resource utilization, and latency.
2.2 Possible candidates for symbol alignment with different CP overhead
It was observed in [3] whether it is not feasible to align all the symbols across 15 kHz, 30 kHz, and 60 kHz SCSs with different CP overhead. However, it was also shown in [3] that there is some CP pattern to achieve symbol alignment between 15 kHz and 60 kHz SCSs. So, we investigate extended CP patterns of 60 kHz SCS in order to align the symbols with normal CP length for 15 kHz SCS and the symbols with extended CP length for 60 kHz SCS.
· Alt.1: Symbol boundary alignment is achieved with two types of CP length: one is 7.3μs with gray color (longer CP) and the other is 6.8μs with white color (shorter CP) as shown in Fig. 1. Here, 21 symbols consist of 15 symbols with longer CP length (L) and 6 symbols with shorter CP length (S). So, the pattern is once of (L, L, L) and 6 times of (S, L, L) and this is repeated. 

· Alt.2: Symbol boundary alignment is achieved with three types of CP length: one is 7.7μs, another is 7.2μs and the other is 7.1μs as shown in Fig. 2. Here, the longest CP length is used for the first symbol only because 16 samples are more added like normal CP family. So, except for the first 3 symbols, the remaining symbols have same pattern. For example, (Longest, S, S) for the first 3 symbols and (L, S, S) for the remaining 18 symbols.
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Figure 1: Extended CP patterns for 60 kHz SCS in Alt.1
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Figure 2: Extended CP pattern for 60 kHz SCS in Alt. 2
Observation 3: There are some CP patterns providing symbol level alignment at least between 15 kHz and 60 kHz with different CP overhead. 
3 Conclusion
In this contribution, we have discussed time alignment among different numerologies with different CP overhead. The observations and proposal are the following:
Observation 1: If different numerologies multiplexed within a same NR carrier bandwidth should provide similar coverage, different subcarrier spacings have different CP overhead. 

Observation 2: It is expected that symbol-level alignment across different subcarrier spacings with different CP overhead provides a potential benefit in terms of interference mitigation, resource utilization, and latency.
Observation 3: There are some CP patterns providing symbol level alignment at least between 15 kHz and 60 kHz with different CP overhead. 
Proposal: RAN1 should consider proposed alternatives for supporting symbol alignment between 15 kHz and 60 kHz subcarrier spacings for different CP overhead.
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