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1 Introduction

In RAN 1#86, there were working assumptions and agreements on time alignment [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
Agreements:

· RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads
Time alignment with the same CP overhead is discussed in a companion contribution [2], and this contribution mainly focuses on time alignment with different CP overhead.
2 Time alignment with different CP overhead
To support diverse services and deployment scenarios, multiplexing different numerologies within a same NR carrier bandwidth is supported by NR [3]. Efficient time alignment across different numerologies provides the following advantages:
· The scheduling timing can be aligned across different numerologies with 
· Unified and simple scheduling implementation.
· Dynamic or semi-dynamic resource sharing between different services and deployment scenarios.
· Physical layer processing (such as Tx/Rx) timing can be aligned with simple implementation. 
· Aligned DL/UL transmission unit in time domain can simplify interference management.
Basically, there are two options for efficient time alignment across numerologies with different CP overheads:
· Symbol boundaries alignment. Section 2.1 shows this option can hardly be achieve or will introduce very large CP overheads.
· Slot boundaries alignment. Section 2.2 shows this option can be achieved efficiently with relatively reasonable CP overhead.
For numerologies with different CP overhead, there are two options, i.e., the same SCS and different SCS. Then, the time alignment across numerologies with different CP overhead is discussed based on the two options separately.
2.1 Symbol boundaries alignment with different CP overhead
Two types of symbol boundaries alignment with different CP overhead are analyzed below:
· The same SCS and different CP overheads
· Different SCS and different CP overheads
For numerologies with the same SCS and different CP overhead, the symbol boundaries cannot be aligned with reasonable CP overhead as shown in Figure 1. 
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Figure 1 Symbol boundaries cannot be aligned with same SCS and different CP overhead
For numerologies with different SCS and different CP overhead, as shown in Figure 2, the symbol boundaries cannot be aligned with reasonable CP overhead which is similar as analyzed in the above symbol boundaries alignment discussion for numerologies with the same SCS and different CP overhead. 
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Figure 2 Symbol boundaries alignment analysis for numerologies with different SCS and different CP overhead
Observation 1: Symbol boundaries can hardly be aligned across numerologies with different CP overhead or may introduce very large CP overheads.
2.2 Slot boundaries alignment with different CP overhead
Two types of slot boundaries alignment with different CP overhead are analysis below:
· The same SCS and different CP overheads
· Different SCS and different CP overheads
It has been agreed that subframe duration in ms for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms with x symbol, i.e., the subframe duration is the same for the numerologies with the same SCS and different CP overhead. Furthermore, it was agreed that an integer number of slots fit within one subframe duration, and slot duration is y OFDM symbols in the numerology used for transmission. As analyzed in companion contribution [4], the slot duration is proposed to be fixed, such as y=x or y=x/2 symbols. 
For numerology 1 and numerology 2 with the same SCS and different CP overhead, as shown in Figure 3, if the slot duration of numerology 1 equals to the slot duration of numerology 2, such as NCP and ECP for 15kHz, the slots are aligned at the slot and subframe boundaries. 
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Figure 3 Slot boundaries alignment for numerologies with same SCS and different CP overhead
For numerologies with different SCS and different CP overhead, the slot boundaries are aligned as analyzed in Figure 4. The slot boundaries of numerology 1 and numerology 2 can be aligned with different SCS and same CP overhead as analyzed in companion contribution [2], and the slot boundaries of numerology 2 and numerology 3 can be aligned with same SCS and different CP overhead as analyzed in Figure 3. Then the slot boundaries of numerology 1 and numerology 3 can be aligned with different SCS and different CP overhead at the slot boundaries and subframe boundaries of the larger SCS. 
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Figure 4 Slot boundaries alignment for numerologies with different SCS and different CP overhead
Observation 2: Slot boundaries can be aligned efficiently across numerologies with different CP overhead.
The following table compare the extended CP overhead for symbol boundaries alignment and slot boundaries alignment.





Table 1 Comparison ECP overhead of different options
	
	ECP overhead

	Symbol boundaries alignment: 
2 NCP OS = 1 ECP OS
	53.33%

	Slot boundaries alignment:
14 NCP OS = 13 ECP OS
	13.33%

	Slot/subframe boundaries alignment:
14 NCP OS = 12 ECP OS
	20%

	slot boundaries alignment:
7 NCP OS = 6 ECP OS
	20%


Proposal 1: Across numerologies with the same SCS and different CP overhead, slot alignment at slot and subframe boundaries is proposed.
Proposal 2: Across numerologies with different SCS and different CP overhead, slot alignment at slot and subframe boundaries of the larger SCS is proposed.
3 Conclusions
Observation 1: Symbol boundaries can hardly be aligned across numerologies with different CP overhead or may introduce very large CP overheads.
Observation 2: Slot boundaries can be aligned efficiently across numerologies with different CP overhead.
Proposal 1: Across numerologies with the same SCS and different CP overhead, slot alignment at slot and subframe boundaries is proposed.
Proposal 2: Across numerologies with different SCS and different CP overhead, slot alignment at slot and subframe boundaries of the larger SCS is proposed.
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