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1. Introduction

In RAN1#84bis, several numerologies for NR were proposed and agreed to further analyse and evaluate it as shown in following table, in order to narrow down possible numerology sets for further design of NR. In addition, there has been also an email discussion on frame structure of NR by focusing on DL/UL/Side-link time domain structure containing RS, the assignment, the acknowledgement, and data [1]. In addition to numerology discussion for NR, we would like to provide our view on flexible frame structure design with scalable numerologies.
	Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)

· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length

· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length

· Alt.4: Subcarrier-spacing values 21.33 kHz

Note: other alternatives are not precluded

· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting

- Alt. 1:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * 2m
· where

· f0 is FFS

· m is an integer chosen from a set of possible values

- Alt. 2:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * M

· where

· f0 is FFS

· M is an integer chosen from a set of possible positive values

· All companies are requested to analyze/evaluate following aspects

· Realistic phase noise

· How each alternative allows mixing different numerologies

· All companies are requested to propose exact values of 

· f0, m, and M


2. Discussion
2.1. Multiplexing of different TTI lengths
As discussed in RAN1#84bis, flexible/scalable numerologies should be supported for diverse applications, deployments, frequency bands and NR eNB/UE capabilities (e.g. how many different numerologies can be supported). So, there can be basically various numerology sets which can be derived from the following formula by using basic subcarrier spacing (e.g. f0) with scaling factor (e.g. 2m or M) and possibly different TTI-length. In Table 1, one example numerology set is provided assuming 15 kHz subcarrier spacing as a baseline. 

Table 1 – Example of Numerology candidates for NR

	
	15 kHz SS based numerology parameter set values

	Subcarrier spacing (kHz)
	15
	75
	375

	Component carrier bandwidth (MHz)
	Up to 20MHz
	Up to 200MHz
	Up to 1GHz

	OFDM symbol length (usec)
	66.67
	13.33
	2.67

	CP-length (usec)
	4.7
	0.95
	0.19

	No. of symbols / Subframe
	14
	14
	35

	Subframe length (ms)
	1
	0.2
	0.1

	Frame length (ms)
	10
	10
	10


To meet the diverse service requirement, it is possible to multiplex different applications/services (e.g. eMBB, MBMS, V2X, D2D, mMTC, URLLC) which are operating on different TTI length and numerologies as illustrated in Figure 1. For example, for higher Doppler in V2X scenarios, short TTI/symbol duration can help to meet the stringent user plane latency requirement (i.e. 0.5ms) while in case of mMTC long TTI/symbol duration can allow for narrowband transmissions and the resulting coverage enhancements. Moreover, for eMBB applications it is also needed to define variable TTI/symbol duration which can cover various eMBB traffic characteristics, QoS requirements, packet sizes and so on. There different numerologies and respective applications are illustrated in Figure 1.

[image: image1]
Figure 1. Example of multiplexing of different services based on different numerologies
Therefore, flexible and scalable frame structure with multiple numerologies should be supported for NR, and accordingly NR eNB should be able to configure the different sets of numerologies per UE. Whether it is UE-specific or common needs to be further considered. Also, some limited number of numerology sets should be appropriately selected to avoid large number of numerology fragmentations and reduce implementation complexity and specification efforts, considering potential commercial frequency bands, target applications and so on.
Proposal 1: Different sets of TTI configuration including subcarrier spacing, CP length, number of symbol per TTI, blank symbol (e.g. guard period) should be configurable per a UE.
Regarding multiplexing of different TTIs, it is important to consider what multiplexing is used in a single contiguous frequency resource (e.g. component carrier). Basically, both FDM and TDM can be considered for TTI multiplexing. 

In FDM,

· Pros:

· Multiple applications which has different requirements can be simultaneously multiplexed in wider system bandwidth. Frequency resources can be efficiently and flexibly utilized without additional latency.

· There is less impacts for latency sensitive applications (e.g. ULRRC)

· Cons:

· In order to avoid interference between TTIs there is need for overhead of guard band similar with NB-IoT in LTE band.

· Since it is required to perform the data/control/RS transmission/reception on multiple TTIs in a given time, NR eNB/UE should have sufficient processing power and capabilities to process data/control/RS Tx/Rx simultaneously e.g. when independent resource allocation schemes, channel coding, rate-matching procedure and etc.
· In TDD, if self-contained subframe is applied, there can be possibly DL-UL interference across adjacent frequency blocks of different TTIs, due to different time interval between DL/UL TTIs.

In TDM,

· Pros:

· No additional interference between different TTIs, and the resulting guard band.

· Cons:

· Latency sensitive application may be possibly impacted.

· Frequent DL-UL switching (i.e. increase guard period and resource inefficiency)

· There may be performance degradations especially for data transmission in long TTI because of mission critical applications which require low latency and high reliable Tx/Rx.
In summary, there are pros and cons from both FDM and TDM for TTI multiplexing. Therefore, to overcome some issues that are observed further studies should be considered.
Proposal 2: It should be studied on how to multiplex different types of TTIs for supporting diverse application requirements. FDM and TDM are a starting point for further study.
2.2. TTI definition
In LTE, time interval with 1ms (i.e. TTI) has been supported for data/control/RS transmission/reception in time domain. Depending on which subcarrier spacing is used, it is determined that how many OFDM symbols in a subframe and REs in a PRB are contained in a slot, respectively as shown in Table 1. Moreover, the 1ms time interval is also used for basic timing reference in LTE (e.g. HARQ timing, synchronization, SFN and etc.). 
Table 1 - Physical resource blocks parameters in LTE
	Configuration
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	Extended cyclic prefix
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Meanwhile, as discussed in section 2.1, in order to satisfy the diverse application requirements well, scalable TTI lengths and reference of time interval need to be considered.
We think basic TTI length which is shorter than 1ms TTI (as in LTE) should be firstly determined while integer number of basic TTI length should be also aligned with 1ms TTI in order to make sure NR and LTE interworking (e.g. CA, DC, interference coordination/avoidance, etc.). Moreover, if shorter TTI length is required than basic TTI length, the basic TTI length can be further scaled by using the different subcarrier spacing and/or different number of OFDM symbols with a given subcarrier spacing. Note that both the boundary of a subframe and all scaled TTI lengths should be aligned as a baseline. Therefore, aggregated TTIs with either a basic TTI or scaled TTIs based on the basic TTI should have integer number of TTIs in 1ms. 
Proposal 3:
· The scaled TTI lengths are derived from a basic TTI length with different scaling factors.
· Integer number of basic or scaled TTI length should be accommodated in one LTE subframe for tight interworking between NR and LTE (i.e. 1ms).
3. Summary and conclusions

In this contribution, we suggested further design options and preferences for frame structure in NR. The suggestions of this contribution are summarized as follows:
Proposal 1: Different sets of TTI configuration including subcarrier spacing, CP length, number of symbol per TTI, blank symbol (e.g. guard period) should be configurable per a UE.
Proposal 2: It should be studied on how to multiplex different types of TTIs for supporting diverse application requirements. FDM and TDM are a starting point for further study.

Proposal 3:
· The scaled TTI lengths are derived from a basic TTI length with different scaling factors.

· Integer number of basic or scaled TTI length should be accommodated in one LTE subframe for tight interworking between NR and LTE (i.e. 1ms).
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