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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to symbol boundary alignment related to various numerologies in the New Radio. The following working assumptions and agreements were made in RAN1#85:
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
· 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:
· 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

· For the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment is supported

In this contribution we discuss further details related to symbol boundary alignment focusing on the case with subcarrier spacing other than 15 kHz.
2	Symbol boundary alignment with 15 kHz subcarrier spacing
As said, in the case of subcarrier spacing 15 kHz and 14 symbols per 1ms, NR symbol boundary is aligned with LTE of normal CP. Subframe structure for LTE with normal CP length is illustrated in Figure 1. There are seven symbols per slot and CP length for the 1st OFDM symbol of the slot is 16∙Ts larger compared to CP of other OFDM symbols in the slot.
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Figure 1. Subframe/slot structure for LTE with normal CP length.

Symbol boundary alignment between LTE and NR provides a good framework to enable reasonable in-band coexistence between NR and LTE TDD, eMTC and NB-IoT. It can be noted that alignment in the case of 15 kHz and 14 symbols per subframe requires that 
· LTE and NR can be time synchronized
· Symbol timing of NR transmission follows that of LTE. This means that CP length for NR is aligned with LTE according to Figure 1.

Based on discussion, we make the following proposal:
Proposal #1: Confirm the previous working assumption related to symbol boundary alignment
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

3	Symbol boundary alignment with subcarrier spacing other than15 kHz
Discussion related to symbol boundary alignment in Section 2 covers the NR scenario with 15 kHz and 14 symbols per 1ms. In this section, we consider symbol boundary alignment in the NR scenarios having subcarrier spacing other than 15 kHz. There are at least two scenarios to be considered:
· Co-existence scenario where different numerologies (from the network perspective) are multiplexed within a same NR carrier bandwidth.
· Co-existence scenario between NR with subcarrier spacing other than 15 kHz and LTE in adjacent carrier(s). 

In both scenarios, symbol boundary alignment could be highly beneficial. For example, when dealing with TDD systems, it should be possible to run LTE and NR using the same hardware resources e.g. in such that Tx/Rx timing of both systems can be aligned with symbol resolution and without additional guard time. Generally speaking, symbol boundary alignment between different numerologies enables better interference management (interference from short symbol numerology to long symbol numerology is contained in one symbol), less implementation complexity and provides better opportunities for multiplexing different numerologies both within a NR carrier or on multiple carriers [3].    

Observation #1: Symbol boundary alignment is beneficial also for numerologies with different subcarrier spacing
 
3.1	Different options for numerology scaling
Figure 2 – Figure 4 illustrate three options for scalable numerology with scaling factor N=1 (15 kHz) and N=4 (60 kHz). In these examples, subframe length is 7 OFDMA symbols and sampling rate is N∙30.72 MHz, respectively. 
· Option 1 is based on subframe level scaling 
· Option 2 and 3 are based on OFDMA symbol level scaling.

Option 1 (Figure 2) performs numerology scaling in the subframe level. Following this option, the subframe length in terms of samples is constant for all numerology options. The first OFDM symbol of the subframe has CP length of 160∙N samples, and other symbols 144∙N samples, respectively. It can be noted that this approach can provide symbol boundary alignment between different numerologies only at the subframe boundary corresponding to 15 kHz numerology.
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	Figure 2. Scalable numerology, Option 1

Option 2 (Figure 3) performs numerology scaling in the OFDM symbol level. The first N OFDM symbols of the LTE slot period have CP length of 160∙N samples, and the other symbols 144∙N samples, respectively. Following this option, the subframe length in terms of samples varies slightly from subframe to subframe. However, subframe length in terms of OFDM symbols is the common for all the subframes. It can be noted that this approach supports symbol boundary alignment for each symbol corresponding to 15 kHz numerology.
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Figure 3. Scalable numerology, Option 2


Option 3 (Figure 4) can be seen as a modification of Option 2. In this option, the CP length is common for all symbols of the subframe, i.e. 144∙N samples. In order to provide symbol boundary alignment with LTE numerology, there are 16∙N extra samples within the first OFDM symbol of the LTE slot period, which are needed to align the symbol boundaries. These samples can be used e.g. for extending the CP corresponding to certain OFDMA symbols, or for additional guard period or for switching gap needed for RF beam switching. 
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Figure 4. Scalable numerology, Option 3

Observation #2: There are different options available for NR numerology scaling. 
· Subframe level scaling does not support symbol boundary alignment between LTE and NR with different numerologies
· OFDMA symbol level scaling supports symbol boundary alignment between LTE and NR with different numerologies

Observation #3: Subframe length in terms of samples varies from subframe to subframe with OFDMA symbol level scaling. 

Proposal #2: Consider both subframe level scaling and OFDMA symbol level scaling as candidate scaling options for NR.

Proposal #3: Support at least symbol boundary alignment between LTE and NR with different numerologies  


4	Conclusions
In this contribution we have discussed further details related to symbol boundary alignment. Based on the discussion, we make the following proposals and observations: 
Observation #1: Symbol boundary alignment is beneficial also for numerologies with different subcarrier spacing

Observation #2: There are different options available for NR numerology scaling. 
· Subframe level scaling does not support symbol boundary alignment between LTE and NR with different numerologies
· OFDMA symbol level scaling supports symbol boundary alignment between LTE and NR with different numerologies

Observation #3: Subframe length in terms of samples varies from subframe to subframe with OFDMA symbol level scaling 

Proposal #1: Confirm the previous working assumption related to symbol boundary alignment
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

Proposal #2: Consider both subframe level scaling and OFDMA symbol level scaling as candidate scaling options for NR.

Proposal #3: Support at least symbol boundary alignment between LTE and NR with different numerologies  
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