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1. Introduction

Regardless of actual specification work for vertical usage scenario, at least for frame structure design, we consider that the requirement on vertical usage scenarios should be considered. To reduce the overall U-plane latency of such as URLLC (e.g., 0.5 msec in average), it is necessary to consider ‘smaller’ TTI length compared eMBB case (4 msec). The smaller TTI can be achieved via generally either by increasing subcarrier spacing or reducing the duration of TTI length by decreasing the number of OFDM symbols corresponding to one TTI. On the other hand, mMTC usage scenario may require larger TTI compared to eMBB with potentially reduced bandwidth. This contribution discusses our views to support various numerology and frame structure which may be determined based on deployment scenarios and usage scenarios. 

2. Supporting URLLC

In design of frame structure considering URLLC, the required TTI length to support latency requirement needs to be discussed. Currently, in TR 38.913 [1], 0.5 msec average U-Plane latency for URLLC is defined. 
The overall latency U-Plane latency can be different depending on the assumption on HARQ operation. First, if HARQ-ACK operation is not assumed in latency computation, the following can be considered for U-Plane latency. 
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Figure 1. U-Plane Latency Illustration without HARQ operation

The overall latency can be summarized as frame alignment latency + eNB scheduling/encoding latency + transmission time + data decoding latency. Assuming eNB scheduling/encoding latency of 0.5 * TTI, frame alignment latency of 0.5 * TTI, transmission time of 1 TTI, and data decoding latency of 0.5 * TTI, the overall latency becomes 2.5 * TTI with assumption of propagation delay is zero. If we consider possible propagation delay and some margin to allow larger data decoding and scheduling/encoding latency, 3 * TTI would be more appropriate in this case.
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Figure 2. U-Plane Latency Illustration with HARQ operation

If we consider HARQ operation, the latency can be increased by retransmission probability * HARQ RTT. Assuming data decoding latency + HARQ-ACK encoding/transmission latency + eNB scheduling/encoding latency can be less than 1 * TTI as illustrated in Figure 2, HARQ RTT can be 2 * TTI. With retransmission probability of 0.1, the overall latency can be increased about 0.2 * TTI (and thus total of 3.2 * TTI). 
For the analysis on U-Plane latency for uplink data transmission, if we assume that uplink resources are available for data transmission without SR transmission and the corresponding UL grant, similar latency can be expected. 

In terms of U-Plane latency, we consider HARQ-less U-Plane latency can be assumed to meet 0.5 msec. In that sense, the required TTI length to support URLLC can be at least 0.5/3 = 0.166msec for 0.5 msec . 
However, it should be noted that the required TTI length may be changed depending on eNB encoding/scheduling latency, maximum propagation delay, and UE decoding latency. As an initial design target, we consider we should design frame structure which is able to support around 0.166msec TTI length. 
Proposal 1: Consider supporting at least around 0.166 msec TTI (slot or subframe) length to meet 0.5 msec U-Plane latency for URLLC. 
Based on this analysis, we investigate candidate frame structure and numerology to support URLLC. 
According to our companion contribution [2], at least in some deployment scenarios, more than 5us CP is required to achieve good performance (e.g., 1000 ns delay spread). The cases should be also supported for URLLC usage scenarios. Thus, we can divide cases into scenarios requiring large CP and scenarios with relatively small CP. For the first case, if we consider 15 kHz, 30 kHz and 60 kHz subcarrier spacing in frequency below 6 GHz, the following captures the possible options to meet both TTI length and CP length requirements. 
Table 1. TTI and CP length candidates with different subcarrier spacing for large CP case
	
	15 kHz
	30 kHz
	60 khz

	CP length
	5.2/4.69 us (First/rest OFDM symbol)
	8.34 us (extended CP)
	4.17 us (extended CP)

	OFDM symbols in one TTI
	2 symbols
	4 symbols
	6 symbols

	TTI length
	0.142msec
	0.166msec
	0.125msec

	Drawbacks
	This may not be easily supported in unpaired spectrum (too short to accommodate DL + GP + UL)
	CP overhead can be a bit large (more than 20%)
	CP length is still small compared to the required CP length


For the second case, the followings can be considered. 

Table 2. TTI and CP length candidates with different subcarrier spacing for small CP case
	
	15 kHz
	30 kHz
	60 kHz

	CP length
	5.2/4.69 us (First/rest OFDM symbol)
	2.60/2.34 us (normal CP)
	1.30/1.17 us (normal CP)

	OFDM symbols in one TTI
	2 symbols
	4/3 symbols
	7 symbols

	TTI length
	0.142msec
	0.125 msec
	0.125msec

	Drawbacks
	This may not be easily supported in unpaired spectrum (too short to accommodate DL + GP + UL)
	For 3 symbol case, it is not easily supported in unpaired spectrum (too short to accommodate DL + GP + UL)
	CP length is relatively small and may not satisfy all cases


Furthermore, if URLLC is considered for frequency above 6 GHz, analog beam forming latency may need to be further considered which could require more stringent requirements on TTI length. 
Based on the above analysis, we propose:
Proposal 1: Normal and extended CP are introduced to support wide-range of required CP length.
Proposal 2: Both scheme – increasing subcarrier spacing and reducing OFDM symbols in a TTI (i.e., mini-subframe)— to reduce TTI length should be further studied. 

Proposal 3: Support mini-subframe of 4 OFDM symbol duration with extended CP in 30 kHz numerology is considered as a candidate TTI length and numerology set to support URLLC.  

3. Supporting eV2X

In determining latency requirement for eV2X, it is necessary to consider use cases and communication mechanism to support the use case. For example, if we consider connected car which mainly utilizes V2V communication, there are two types of communication path – (1) direct communication between vehicle to vehicle communication via sidelink operation and (2) relayed communication via eNB/infrastructure. Depending on its communication path, satisfying the requirement of overall end-to-end latency of 10msec would be different. For example, if (1) is considered, end-to-end latency can be met by one-hop sidelink communication, whereas (2) needs to consider U-Plane from vehicle to eNB, core delay, and eNB to another vehicle. In this sense, we propose to consider 10 msec latency for sidelink based V2V U-plane latency and around 2msec latency for network relayed V2V operation. 
For the first case, the latency component can include buffering latency + encoding latency + transmission time + (propagation latency +) decoding latency. Buffering latency would include the average delay between packet arrival to the first sidelink resource usable for transmission. The buffering latency can be relatively large if the average interval between two consecutive sidelink resources is not small. For example, if downlink/uplink and sidelink resources are TDM-ed in unpaired spectrum, the buffering latency can be non-negligible. 

Thus, in frame structure design of unpaired spectrum, sidelink resource configuration should be considered from the beginning in consideration of the latency requirement. 

Proposal 4: Frame structure design should consider sidelink operation from the beginning to support at least eV2X usage scenarios.   

4. Supporting mMTC

NB-IoT has been specified in Rel-13 which supports stand-alone, guard band and inband operation. In our view, in NR design, considering compatibility with NB-IoT at least stand-alone operation mode is worthwhile. In NB-IoT operation, in uplink, 3.75 kHz subcarrier spacing is supported, and repetition of one uplink transmission are performed in consecutive uplink subframes. To support this, in NR frame structure design, some considerations how to guarantee continuous uplink resource reservations to support NB-IoT seems necessary. 

Proposal 5: Supporting compatibility to NB-IoT design can be considered in NR design, at least for low frequency band.   

5. Supporting different numerology

As discussed in our companion contribution [2], different deployment scenario may require different CP length and the corresponding optimal subcarrier spacing to retain similar CP overhead. Moreover, as discussed in this contribution, depending on usage scenario, different numerology can be considered to meet latency and design requirements. In this sense, it is natural to consider that a system can support multiple numerology set instead of fixing one numerology for all cases. From a UE perspective, a UE may support one or more usage scenarios simultaneously (e.g., URLLC and eMBB, eV2X and eMBB simultaneously). In determining appropriate numerology, at least three aspects can be considered – required CP length, required latency (required TTI length), and frequency. For example, if we consider frequency of below 6 GHz, the candidate numerology set can be illustrated as in Figure 2. 
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Figure 4. Example of candidate numerologies depending on requirements (below 6 GHz)
Thus, from a cell perspective, it could utilize more than one numerology at the same time one a given frequency region (e.g., a component carrier) to support multiple usage scenarios. This implies that overlapped or non-overlapped subband of different numerology can coexist in the same frequency region from the system perspective. However, from a UE perspective, this should be clarified whether a UE needs to support more than one numerology simultaneously on a given frequency region. Though it may depend on UE implementation, generally supporting more than one numerology can complicate UE processing. Thus, careful consideration of different scenarios of multiplexing different numerologies should be carefully investigated. We list some cases where different numerology may need to be considered in below. 
(1) Single cell transmission + SFN transmission: for example MBMS services, a UE may need to support different numerology set. If single cell transmission and SFN transmission can be FDM-ed in a frequency region, UE hardware processing capability may need to be increased as if it needs to support two carriers. It is not clear whether FDM of MBMS is necessary for a given UE in a single component carrier or a subband.
(2) eMBB + URLLC: if both services are provided by one eNB, it is likely that the required CP length for a given UE is same regardless of usage scenarios. In this sense, it is desirable to use the same numerology between different usage scenarios. To support URLLC, TTI shortening by reducing the number of OFDM symbols corresponding to one TTI can be considered as a baseline option in this case. If different service is provided by different eNB (e.g., eMBB from outdoor eNB and URLLC from indoor eNB) in either co-channel or adjacent channel, possibly different numerology may be employed per usage scenario. In this case, similar to the first case, UE hardware requirement would be increased as if it needs to support two carriers. Also, in this case, if both eNBs can coordinate tightly, only one eNB can support the UE for both services. Thus, in our view, it is not essential a UE to support more than one numerology even in this case. 
With unclear motivations of supporting different numerologies simultaneously on the same carrier, our proposal is to assume that single numerology at a time is considered in a carrier as baseline from a UE perspective.
Proposal 6: Unless clear use cases of different numerology supported by a UE simultaneously on a carrier are identified, it is assumed that a UE needs to support single numerology at a given time on a carrier as a baseline for further NR design.   

When the network may deploy different numerology depending on deployment scenario and/or usage scenarios, the assumption of numerology for initial access signals such as PSS/SSS needs to be further studied. One possible approach is to consider default numerology set(s) which is used for initial access signals regardless of numerology set used for other transmissions.
6. Conclusion
This contribution, we proposed the followings. 
Proposal 1: Normal and extended CP are introduced to support wide-range of required CP length.
Proposal 2: Both scheme – increasing subcarrier spacing and reducing OFDM symbols in a TTI (i.e., mini-subframe)— to reduce TTI length should be further studied. 

Proposal 3: Support mini-subframe of 4 OFDM symbol duration with extended CP in 30 kHz numerology is considered as a candidate TTI length and numerology set to support URLLC.  

Proposal 4: Frame structure design should consider sidelink operation from the beginning to support at least eV2X usage scenarios.   

Proposal 5: Supporting compatibility to NB-IoT design can be considered in NR design, at least for low frequency band.   

Proposal 6: Unless clear use cases of different numerology supported by a UE simultaneously on a carrier are identified, it is assumed that a UE needs to support single numerology at a given time on a carrier as a baseline for further NR design.   
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