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1. Introduction
In RAN1#86, the followings are agreed. 
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

In this contribution, we discuss further details regarding symbol level alignment. 
2. Discussion

2.1. Different numerology multiplexing

In our view, numerology multiplexing cases need to be classified into inband and outband cases. In inband case, different numerology can be multiplexed in a single carrier via FDM/TDM where possibly synchronization signals can be shared. In outband case, different numerology can be deployed in different carriers. For outband, complicated alignment seems not necessary. For inband multiplexing, the followings can be considered. 

· Assume reference numerology as SCb which is used in common data transmission or synchronization signal
· CP length of SCb is determined by linearly scale LTE CP length according to OFDM symbol index
· SCi (SCi > SCb) can be multiplexed in the same carrier with SCb via symbol-level alignment if both uses either normal CP or extended CP. Otherwise, subframe/TRU level alignment is considered as a baseline.

· When symbol level alignment is considered, alignment between SCi and SCb is achieved by treating SCb as if 15 kHz in the symbol level alignment options.

· SCi (SCi < SCb) can be multiplexed in the same carrier with SCb via (multi-)subframe-level alignment
 Proposal 1: There are two cases: inband and outband multiplexing different numerologies defined. If symbol level alignment is considered, it could be restricted to inband cases. 

2.2. Symbol Level Alignment Options within a subframe for NCP family 
For symbol level alignment, the following approaches can be considered. 

Option 1: Longer CP is evenly distributed to multiple overlapped OFDM symbols in time
First approach is to linearly scale each symbol to multiple symbols with larger subcarrier spacing as shown in Figure 1. This would lead different length of 7 OS of larger subcarrier spacing as there are different number of longer CP symbols in each 7 OS duration as shown in Table 2. 
[image: image1.png]} 708
CP symbol i

e [

30 kHz

60 kHz

7 OS-





Figure 1. Illustration of Option 1
Option 2: Longer CP is dedicated to one symbol in every 0.5msec 
Another option is to dedicate the longer CP to the first OFDM symbol in every 0.5 msec as illustrated in Figure 2. In terms of length of 7 OS with larger subcarrier spacing, this option leads the similar output to Option1. 
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Figure 2. Illustration of Option 2

Option 3: Reserve extra CP in every 0.5msec and use the same CP length for all symbols
Another option is to reserve the extra CP portion to allow multiplexing with LTE 15 kHz and uses the same length of CP in all OFDM symbols as illustrated in Figure 3. By reserving extra 16Ts (based on LTE) in every 0.5msec, this approach would allow the same CP in every OFDM symbol, which can lead the same size of 7 OS duration regardless of different numerology.
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Figure 3. Illustration of Option 3

Proposal 2: For NCP family, adopt Option 3 for symbol level alignment.
3. Conclusions

This contribution presented our view on multiplexing of different numerologies. The followings are the proposals. 

Proposal 1: There are two cases: inband and outband multiplexing different numerologies defined. If symbol level alignment is considered, it is restricted to inband cases.

Proposal 2: For NCP family, adopt Option 3 for symbol level alignment.
· Option 3: Reserve 0.51us, and utilize the same CP for all OFDM symbols
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