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1. Introduction
In RAN1#85, the followings were agreed. 
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

Working assumption:
· 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:
· For the numerology with 15 kHz and larger subcarrier spacing ,1 msec alignment is supported
In this contribution, we discuss further details regarding numerology including alignments between different numerologies in different use cases. 
2. Discussion

2.1. Supported Numerology Set
Based on scalable numerology with 15 kHz, it is desirable to allow different numerologies in different frequency and usage scenarios. As supporting multiple numerology sets would impact the overall design of multiplexing cases, it is desirable to consider a minimal set of numerology in each frequency band and each usage scenario. Our view on the minimum set is as the follows. 

Table 1. Minimum supported numerology set
	
	Below 6 GHz
	Above 6 GHz and Below 30 GHz
	Above 30 GHz

	eMBB
	15 kHz NCP, 30 kHz NCP
	60 kHz NCP, 120 kHz NCP
	60 kHz NCP, 120 kHz NCP, FFS on 240 kHz

	URLLC
	30 kHz NCP 60 kHz NCP/ECP
	If supported, similar to eMBB case
	If supported, similar to eMBB case

	mMTC
	3.75 kHz NCP, 15 kHz NCP
	FFS
	FFS

	MBMS
	15 kHz ECP, FFS on longer CP case(s)
	FFS
	FFS


Normal CP (NCP) of a subcarrier spacing SCn refers CPn = CP0/2n where CP0 is the normal CP length of 15 kHz subcarrier spacing and SCn = 2n *15 kHz. Extended CP of a subcarrier spacing is also linearly scaled based on scaling factor of the subcarrier spacing compared to 15 kHz extended CP case.  

There are a few cases where extended CP is necessary. One example is MBMS service. Also, extended CP would be necessary for certain URLLC scenarios such as outdoor URLLC scenarios (e.g., eV2X). It would be necessary also to support SFN operation and could be more efficient for contention-based uplink transmission. To support various requirements and scenarios, flexible numerology set is essential. 
Proposal 1: Flexible numerology set including different CP ratio (e.g., NCP, ECP) are supported. 
Proposal 2: Consider Table 1 as the minimum supported numerology set for various usage scenarios and frequency bands. 
Proposal 3: Extended CP is supported. 
2.2. Numerology Alignment

In the previous meeting, multiple options for alignment among different numerologies were discussed. So far, it has been agreed that larger subcarrier spacing (i.e., n > 0) and 15 kHz would be aligned in 1msec. Still, there are some remaining issues. 

(1) Further alignment between SCn (n > 0) = 2n *15 kHz and 15 kHz is necessary
(2) Any alignment between SCn1 and SCn2 is necessary
(3) Alignment between SCn (n < 0) = 2n *15 and 15 kHz is necessary
2.2.1 Further alignment between SCn and 15 kHz (SCn > 15 kHz)

When FDM or TDM is considered between SCn and 15 kHz numerology, symbol level alignment could be beneficial if there is no complication to support the multiplexing. As discussed in our companion contribution [1], if mini-subframe level TDM between different links with different numerologies is considered, symbol level alignment could be beneficial. Thus, to determine alignment mechanism, it first needs to decide whether dynamic TDM of different numerologies within a subframe needs to be supported. If supported, 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 slot length of larger subcarrier spacing as there are different number of longer CP symbols in each slot as shown in Table 2. 
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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 slot length of larger subcarrier spacing, this option leads the similar output to Option1. 

[image: image2.emf]30 kHz

...

one slot

CP symbol

15 kHz

60 kHz

one slot


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 slot regardless of different numerology.
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Figure 3. Illustration of Option 3

Proposal 4: Symbol level alignment between larger subcarrier spacing and 15 kHz with NCP is necessary, consider reserve extra CP duration to allow uniform length of slot size in different subcarrier spacing.
Another option is to only consider slot-level alignment where each slot size of subcarrier spacing SCn becomes 0.5/2n msec. In this case, it is assumed that CP of each symbol is linearly scaled as NCP of LTE 15 kHz according to symbol index. In other words, only the first OFDM symbol in each slot has the longer CP compared to other OFDM symbols. 

2.2.1 Further alignment between SCn1 and SCn2

As other than 15 kHz subcarrier spacing (SCn1) can be used as a default subcarrier spacing of a carrier where different subarrier spacing SCn2 can be multiplexed via TDM/FDM, alignment between other combinations should be also considered. One option is to symbol-level align SCn1 and 15 kHz, and symbol-level align SCn2 and 15 kHz which then will allow symbol-level alignment between SCn1 and SCn2 (at least when SCn1 and SCn2 >=15 kHz). However, this would lead the slot size of SCn1 changes. For example, Table 2 shows the slot size if Option 1 or 2 is taken. 
	Table 2. Slot Duration of Each Subcarrier Spacing
　
	1st slot
	2nd slot
	3rd slot
	4th slot
	5th slot
	6th slot
	7th slot
	8th slot

	30 kHz
	0.25026
	0.24974
	0.25026
	0.24974
	0.25026
	0.24974
	0.25026
	0.24974

	60 kHz
	0.125391
	0.12487
	0.12487
	0.12487
	0.125391
	0.12487
	0.12487
	0.12487

	120 kHz
	0.062891
	0.0625
	0.062435
	0.062435
	0.062435
	0.062435
	0.062435
	0.062435

	240 kHz
	0.031445
	0.031445
	0.031283
	0.031217
	0.031217
	0.031217
	0.031217
	0.031217


Different slot length and subframe length of each numerology would make the multiplexing complicated between normal CP and extended CP. 
Alternative approach is to make the slot size same with subcarrier spacing SCn1 which is assumed to be a base subcarrier spacing. The base subcarrier spacing is assumed to be the subcarrier spacing used for initial synchronization signals, MIB/SIB transmission, etc. of a carrier. For the base numerology SCn1, SCn1 and 15 kHz is slot-level aligned. And, if SCn2 is multiplexed in a carrier based on SCn1, it may further consider symbol level alignment between SCn1 and SCn2.   
Proposal 5: Symbol level alignment between SCn1 and SCn2, if necessary, is based on the base subcarrier spacing used in a carrier. Between SCn1 and 15 kHz or between SCn2 and 15 kHz, if SCn1 and 15 kHz or SCn2 and 15 kHz are not used in the same carrier, slot-level alignment is sufficient. 
2.2.3 Further alignment between SCn and 15 kHz (SCn < 15 kHz)

Similar technique can be considered for smaller subcarrier spacing. Generally, for this case, the use cases requiring symbol-level alignment should be first clarified. As a baseline, subframe(s) level alignment would be sufficient. 

Proposal 6: For smaller subcarrier spacing, subframe(s) level alignment is baseline. 

2.3. Different numerology multiplexing

So far symbol level and slot/subframe level alignment options were discussed. Each option offers drawbacks and benefits. The main drawback of symbol level alignment is that it does not allow efficient multiplexing with different CPs. 
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 base numerology as SCb which is used in 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, slot 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 7: There are two cases: inband and outband multiplexing different numerologies defined. If symbol level alignment is considered, it is restricted to inband cases. 

3. Conclusions

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

Proposal 1: Flexible numerology set including different CP ratio (e.g., NCP, ECP) are supported. 
Proposal 2: Consider Table 1 as the minimum supported numerology set for various usage scenarios and frequency bands. 
Proposal 3: Extended CP is supported. 
Proposal 4: Symbol level alignment between larger subcarrier spacing and 15 kHz with NCP is necessary, consider reserve extra CP duration to allow uniform length of slot size in different subcarrier spacing.
Proposal 5: Symbol level alignment between SCn1 and SCn2, if necessary, is based on the base subcarrier spacing used in a carrier. Between SCn1 and 15 kHz or between SCn2 and 15 kHz, if SCn1 and 15 kHz or SCn2 and 15 kHz are not used in the same carrier, slot-level alignment is sufficient. 

Proposal 6: For smaller subcarrier spacing, subframe(s) level alignment is baseline. 

Proposal 7: There are two cases: inband and outband multiplexing different numerologies defined. If symbol level alignment is considered, it is restricted to inband cases. 
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