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1 Introduction

In RAN 1#86, there were working assumption 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
In this contribution, time alignment across different subcarrier spacings with the same CP overhead is discussed, and time alignment across numerologies with different CP overhead is discussed in a companion contribution [2].
2 Time alignment with the same 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 subcarrier spacings with the same CP overhead 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 different subcarrier spacings with the same CP overhead. 
· Symbol boundaries alignment. Section 2.1shows this option may introduce lots of CP options based on different reference numerology and mixed numerologies combinations. To reduce CP options, restriction on reference numerology or extra Ts is needed.
· Slot boundaries alignment. Section 2.2 shows this option can be achieve efficiently.
2.1 Symbol boundaries alignment
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Figure 1 Principle for symbol boundaries alignment
Based on the working assumption and agreements listed in section 1, the subframe duration of reference numerology 2m*15kHz is exactly 1/2m ms, and the symbol boundaries of other subcarrier spacing are aligned with that of the reference numerology as analyzed in Figure 1. Taking 6.67% CP overhead as example, there are 2 symbol boundaries alignment approaches:
· Approach 1: As shown in Figure 2, extra Ts is used at the beginning of the subframe of reference numerology, and the extra Ts can be used as CP or non CP, such as analog beam switching in HF or GP. Furthermore, if extra Ts is used for analog beam switching in HF, the distribution of extra Ts every 0.5ms can be adjusted as a whole part based on the time needed for analog beam switching.  
· Approach 2: As shown in Figure 3, scalable CP length is configured. For example, with f0 as reference numerology, the CP length of 2n*f0 is 1/2n of the CP length of f0, and the CP length of 2-n*f0 is the sum of 2n CP length of f0.
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Figure 2 Symbol boundaries are aligned with that of the given reference numerology by extra Ts, taking 20MHz and 30.72MHz sampling rate as examples
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Figure 3 Symbol boundaries are aligned with that of the given reference numerology by scalable CP length, taking 20MHz and 30.72MHz sampling rate as examples
However, as summarized in Table 1, the CP length of a given subcarrier spacing may be different with different reference numerology with extra Ts as CP or scalable CP length. Symbol boundary alignment for different reference numerology will lead to very many CP lengths, which will increase the implementation complexity and test cases.
Table 1 CP options for a given numerology with different reference numerology (NCP)
	Reference numerology
	Mixed numerologies combinations
	CP
	Option 1 
(Extra Ts as CP)
	Option 1 
(Extra Ts as non CP)
	Option 2
 (scalable CP length)

	15kHz 
	15kHz
	CP1
	160Ts
	144Ts
	160Ts

	
	
	CP2
	144Ts
	144Ts
	144Ts

	
	30kHz
	CP1
	88Ts
	72Ts
	80Ts

	
	
	CP2
	72Ts
	72Ts
	72Ts

	
	60kHz 
	CP1
	52Ts
	36Ts
	40Ts

	
	
	CP2
	36Ts
	36Ts
	36Ts

	30kHz 
	15kHz 
	CP1
	160Ts
	144Ts
	160Ts

	
	
	CP2
	144Ts
	144Ts
	144Ts

	
	30kHz 
	CP1
	88Ts
	72Ts
	88Ts

	
	
	CP2
	72Ts
	72Ts
	72Ts

	
	60kHz 
	CP1
	52Ts
	36Ts
	44Ts

	
	
	CP2
	36Ts
	36Ts
	36Ts

	60kHz 
	15kHz 
	CP1
	152Ts
	144Ts
	152Ts

	
	
	CP2
	144Ts
	144Ts
	144Ts

	
	30kHz 
	CP1
	80Ts
	72Ts
	80Ts

	
	
	CP2
	72Ts
	72Ts
	72Ts

	
	60kHz
	CP1
	44Ts
	36Ts
	44Ts

	
	
	CP2
	36Ts
	36Ts
	36Ts

	
	…


To avoid lots of CP lengths for a given numerology, it is preferred to 
· Restrict reference numerology. For example, Taking 15 kHz as reference numerology for Sub6GHz, then CP options can be reduced significantly as in Table 2. 

· Or, restrict the extra Ts as non CP.
Table 2 CP options with restriction on reference numerology (NCP)

	Reference numerology
	Mixed numerologies combinations
	CP
	Option 1 (Extra Ts as CP)
	Option 2 (scalable CP length)

	15kHz 
	15kHz
	CP1
	160Ts
	160Ts

	
	
	CP2
	144Ts
	144Ts

	
	30kHz
	CP1
	88Ts
	80Ts

	
	
	CP2
	72Ts
	72Ts

	
	60kHz 
	CP1
	52Ts
	40Ts

	
	
	CP2
	36Ts
	36Ts


Observation 1: Symbol boundary alignment for different reference numerology will lead to lots of CP lengths, which will increase the implementation complexity and test case. To reduce CP options, restriction on reference numerology or the usage of extra Ts is needed.
2.2 Slot boundaries alignment

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 symbols and integer number of slots[1], and slot duration is y OFDM symbols in the numerology used for transmission. As analyzed in companion contribution [4], the duration of slot is proposed to be fixed as y=x or y=x/2. As shown in Figure 4, for numerology 1 and numerology 2 with different subcarrier spacing and the same CP overhead, if the slot duration of numerology 1 is designed to equal to the sum of several slot duration of numerology 2, the slot of numerology 1 and 2 are aligned at the slot and subframe boundary of the larger SCS.
In Figure 4, there are two slot boundaries alignment alternatives, i.e., slot boundaries alignment without and with symbol boundaries alignment. Compared with alternative 2 with symbol boundaries alignment, slot boundaries alignment without symbol boundaries do not lead to lots of CP options for one subcarrier spacing and remain the equal length of slot and subframe, which have less impact on implementation. 
Furthermore, in unlicensed bands, LBT generally ends at any time instance not matching symbol/slot/ subframe boundaries. Thus, reservation signal is required to fill the gap between the end of LBT and start of PDCCH/PUSCH transmission in order to block other systems taking the channel, i.e., the length of reservation signal also depends on the position of slot boundaries. Using slot boundaries alignment with and without symbol boundaries alignment as shown in Figure 4, the length difference of reservation signal does not exceed 0.39us assuming 60KHz subcarrier spacing. Then, the symbol level and slot level alignment should have similar performance in unlicensed band.
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Figure 4 Slot boundaries alignment examples for numerologies with different SCS and same CP overhead

Proposal 1: Across different subcarrier spacings with the same CP overhead, slot alignment at slot and subframe boundaries of the larger SCS is proposed.
3 Conclusions
Observation 1: Symbol boundary alignment for different reference numerology will lead to lots of CP lengths, which will increase the implementation complexity and test case. To reduce CP options, restriction on reference numerology or the usage of extra Ts is needed.
Proposal 1: Across different subcarrier spacings with the same CP overhead, slot alignment at slot and subframe boundaries of the larger SCS is proposed.
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