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Introduction
In RAN #71, a new Rel-14 study item “Study on New Radio Access Technology” was approved. The objective of this study item is to develop a new radio access technology (RAT) which fulfills a broad range of deployment scenarios and requirements listed in TR 38.913 which aim for eMBB, URLLC, and mMTC services. Targeting a single technical framework, RAN1 will study the following areas and the associated technical issues [1]:
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures
· Radio Access Network architecture, interface protocols and procedures
In addition, RAN1 will study and identify the technical features for
· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum.
One essential technical feature to be considered for multiplexing different quality of services is scalable TTI, i.e. support of multiple and/or scalable TTI lengths in the same spectrum. The related work is being done in LTE Rel-14 study item LATRED. In this contribution, we discuss our view on the scalable TTI for the new radio frame structure.

Discussion
TTI length
In this section, we discuss TTI length for the new radio frame structure. TTI is a basic unit of transmission of data packets. Basically, long TTI provides high resource utilization efficiency due to reduced control overhead at the expense of increased latency. The TTI length should be short enough to meet system-specific latency and reliability requirements. According to TR 38.913, the user plane (UP) latency required for new RAT is 0.5ms for URLLC and 4ms for eMBB in both UL and DL [2]. For eMBB, this metric should include all typical delays associated with the packet transfer. The reliability is defined as the success probability of transmitting X bytes within 1ms, and the target value is 1-10-5 within 1ms.
The UP latency in loaded condition can be roughly estimated as a function of the TTI length, for example, as [3]
· UP latency = eNB processing (1.5 TTI) + frame alignment (0.5 TTI) + data transmission via air (1 TTI) + UE processing (1.5 TTI) + average retransmission delay (0.8 TTI) = total 5.3 TTIs
where the average block error rate of 10% with the legacy (=LTE) HARQ RTT in FDD (8 TTIs) and half of the legacy processing delays (1.5 TTI each) were assumed. Note that in reality, some part of the processing delay (e.g. MIMO operation, FFT/IFFT, etc.) may not be proportional to the TTI length, and the delay for frame alignment may not be a big concern in loaded scenarios. In Table 1, the UP latency values corresponding to some example TTI lengths based on the above calculation are shown. It can be observed that the TTI length which meets the UP latency is 0.5ms for eMBB and 0.0625ms for URLLC.
[bookmark: _Ref446936104]Table 1. UP latency values for example TTI lengths
	TTI length [ms]
	1
	0.5
	0.25
	0.125
	0.0625

	UP latency [ms]
	5.3
	2.65
	1.325
	0.6625
	0.33125



On the other hand, having too short TTI can be a burden for designing physical signals and hardware implementation. Besides, considering the interworking with LTE, 1ms TTI may also be a good option for the new RAT. Techniques for reducing the processing time and the HARQ RTT can be studied during this study item in order to design proper lengths for the TTI.
Observation 1: Study on techniques for reducing processing time and HARQ RTT may be needed to investigate appropriate TTI lengths for the new RAT.

In Table 2, an example of frame parameters for the new RAT is provided based on scalable numerology, where CP-OFDM was assumed since the waveform technique is not a concern of this paper. For set A, 16.875 kHz subcarrier spacing was applied [4-5], which is useful to put 2N OFDM symbols within 1ms and guarantee equal-length OFDM symbols for both normal and larger CP. The subcarrier spacing for set B and set C was scaled by a factor of 4 and 16, respectively, which was set to be roughly proportional to operating frequency. Subframe length is set to 1ms for set A and is assumed to be inversely proportional to the subcarrier spacing. As a result, one subframe consists of 16 OFDM symbols regardless of frequency and service type.
A set of TTI lengths can be defined on top of these example parameters. The TTI length for each group of frequency band (i.e. each set) and each service type is provided in Table 2, where we assumed that the TTI length is not larger than the subframe length, and also not larger than a certain threshold which can be derived for each service type by the UP latency analysis. Here, 1ms for eMBB and 0.0625ms for URLLC were used as the threshold.
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	Set A
	Set B
	Set C

	Carrier frequency [GHz]
	Around 4
	Around 30
	Around 70

	Subcarrier spacing [kHz]
	16.875
	67.5
	270

	CP overhead
	NCP: 5.2%
ECP: 28.9%
	NCP: 5.2%
ECP: 28.9%
	NCP: 5.2%
ECP: 28.9%

	# of OFDM symbols per 1ms
	NCP: 16
ECP: 12
	NCP: 64
ECP: 48
	NCP: 256
ECP: 192

	Subframe length [ms]
	1 (16 sym)
	0.25 (16 sym)
	0.0625 (16 sym)

	TTI length [ms]
	eMBB: 1 (16 sym)
URLLC: 0.0625 (1 sym)
	eMBB: 0.25 (16 sym)
URLLC: 0.0625 (4 sym)
	eMBB: 0.0625 (16 sym)
URLLC: 0.0625 (16 sym)

	System BW [MHz]
	5, 10, 20, 40
	20, 40, 80, 160
	40, 80, 160, 320

	FFT size [K]
	0.5, 1, 2, 4
	0.5, 1, 2, 4
	0.25, 0.5, 1, 2



Scalable TTI within a carrier
From Table 2 we can see that the desired TTI length at least for eMBB and URLLC may not be identical in low to medium frequency. Thus, it seems quite clear that the new radio frame structure should support scalable TTI within a frequency. Then, an issue is whether to allow scalable TTI, i.e. multiple and/or scalable TTI lengths, within a carrier.
From the cell perspective, employing multiple carriers should not be a necessary condition for mission-critical services. Since eMBB use cases may be universally applicable in broad coverage areas, demand for URLLC services would often coexist with the demand for eMBB services. Hence, supporting eMBB and URLLC simultaneously with and without CA will be required, which motivates the necessity of allowing scalable TTI within a carrier. Furthermore, multiplexing eMBB and URLLC within a carrier provides efficient resource utilization and greater flexibility to operators.
From the UE perspective, there will be some UEs capable of supporting both eMBB and URLLC. Separating this capability with the CA capability will be also desirable in the UE side for UE cost efficiency.
Observation 2: Supporting multiple TTI lengths within a carrier provides broader deployment scenarios with and without CA, efficient resource utilization, and greater flexibility in using frequency resources.
Proposal 1: The new radio frame structure supports multiple TTI lengths within a carrier.

In order to support multiple TTI lengths within a carrier, two types of TTI, i.e. normal TTI and short TTI, can be defined.
· Normal TTI (nTTI) is applicable for eMBB (and/or mMTC). It may have a pre-defined length for a carrier and can be used for general procedures including initial access and cell search without signaling from the eNB. nTTI length can be an integer multiple of short TTI length.
· Short TTI (sTTI) is applicable mainly for URLLC. It can be configured by higher layer signaling. Multiple sTTI lengths and/or scalable sTTI lengths can be supported to optimize the transmission to various latency targets.

Potential schemes
In this section, we outline potential schemes to support coexistence of nTTI-based and sTTI-based transmissions within a carrier. Three alternatives for multiplexing nTTI-based and sTTI-based physical downlink data channels, referred to as nPDSCH and sPDSCH, respectively, are discussed.

· Alt. 1: TDM
nPDSCH and sPDSCH occupy different time slots. Hence, wideband scheduling for each channel is allowed. However, the latency requirements are difficult to be met especially for URLL transmission.
· Alt. 2: FDM
Alt. 2 is described in Figure 1(a), where nPDSCH and sPDSCH occupy different frequency resources (e.g. resource blocks, subbands). This approach allows low latency transmission since sPDSCH transmission opportunity can be guaranteed at any time instance. However, two concerns may be addressed with Alt. 2. First one is resource utilization efficiency. Since the arrival of low latency packets would usually be sporadic, the resource region configured for sTTI may not be fully utilized. Secondly, a sufficient number of resource elements for a sPDSCH may not be secured when the subband size or TTI length configured for sPDSCH is not sufficiently large. In this case, ultra-reliability may not be guaranteed.
· Alt. 3: Resource overlapping
Alt. 3 is described in Figure 1(b), where nPDSCH and sPDSCH share the time-frequency resources. If a low latency packet arrives while the nPDSCH transmission is on-going, a sPDSCH can be scheduled on a common data region including the already scheduled resources for nPDSCH. A UE receiving nPDSCH may monitor whether the scheduling modification due to new sPDSCH occurs or not.
Alt. 3 provides efficient resource utilization and the largest scheduling flexibility (i.e. TDM and FDM are special cases of Alt. 3). Since the wideband scheduling for sPDSCH is possible anywhere, it is advantageous to support the UR and LL transmission.
[bookmark: _GoBack]Proposal 2: Study potential schemes and associated technical issues for multiplexing nTTI-based and sTTI-based transmissions.
Observation 3: Resource overlapping between nTTI-based and sTTI-based transmissions provides high resource utilization efficiency and scheduling flexibility as well as allowing URLL transmissions.


[bookmark: _Ref447119801]Figure 1. Multiplexing of nTTI-based and sTTI-based transmissions: (a) Alt. 2 (b) Alt. 3

Conclusion
In this contribution, we discussed our view on the scalable TTI for the new radio frame structure. A couple of observations and proposals are provided:
Observation 1: Study on techniques for reducing processing time and HARQ RTT may be needed to investigate appropriate TTI lengths for the new RAT.
Observation 2: Supporting multiple TTI lengths within a carrier provides broader deployment scenarios with and without CA, efficient resource utilization, and greater flexibility in using frequency resources.
Proposal 1: The new radio frame structure supports multiple TTI lengths within a carrier.
Proposal 2: Study potential schemes and associated technical issues for multiplexing nTTI-based and sTTI-based transmissions.
Observation 3: Resource overlapping between nTTI-based and sTTI-based transmissions provides high resource utilization efficiency and scheduling flexibility as well as allowing URLL transmissions.
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