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1 Introduction

In the previous RAN1 WG meetings, the basic time domain structures for NR were discussed. The following agreements were made:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signaled

· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only

· The structure allows for ctrl at the end only

· The structure allows for ctrl at the end and at the beginning

· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged

It should be noted, that the mini-slot time domain structure was introduced in order to support latency constrained services including URLLC. In this contribution we discuss further details of mini-slot design and other physical structure aspects of URLLC.

2 URLLC Mini-slot Design Considerations
The agreement on support of mini-slot was mainly motivated by low latency services such as URLLC services. Given that URLLC services requires very high reliability it may have certain implications on mini-slot physical structure. In order to draw the recommendations on mini-slot physical structure, we first discuss the key aspects that need to be taken into account for URLLC design:

· Minimum TTI duration. This requirement is imposed by the strict latency requirements and URLLC capacity maximization target. Since the TTI duration directly affects the achievable latency, then it should be small enough to support the most stringent latency requirement in considered network and service deployment scenarios. For example, assuming 0.5 ms latency in paired spectrum, the minimum TTI duration should be less than 0.25 ms under assumption of ideal(zero) TX and RX processing time and the TTI scheduling granularity. Thus considering the time needed for processing, feedback and UL-DL switch in unpaired spectrum, the even shorter minimum TTI duration is needed to support 0.5 ms latency, e.g. ~0.0625-0.125 ms TTI. Moreover, the shorter TTI duration allows to better sustain the sporadic traffic loading due to lower queueing effect thus achieving better URLLC capacity as was shown in [1].
· Fine time granularity to access resources. The resource access granularity directly translates into the so called frame alignment latency component. For low latency services, the ideal case is to have symbol level resource access granularity given that symbol duration directly contributes to overall transaction latency. However, such flexibility has impact on control channel and reference signal design and corresponding tradeoff. Therefore, the access granularity should be studied taking into account the tradeoff between achieved URLLC capacity and design complexity, as well as system complexity.
· Flexible TTI duration. In both DL and UL, different UEs may require different number of symbols for transmission of a transport block in a given bandwidth. Thus, in order to meet the reliability requirement and maximize the URLLC capacity, it is desirable to have flexible TTI duration based on UE channel quality conditions and scheduling strategy.
The mentioned URLLC implications on mini-slot design are illustrated in Figure 1 and Figure 2 below. In the illustration, a TRP serves three different UEs which are in different coverage: UE-1 is in cell center and has good geometry SINR, UE-2 is near cell edge and has moderate SINR, UE-3 is in cell-edge and has bad geometry SINR. Depending on coverage/coupling loss, in a given system bandwidth, each UE may need different number of time resources to achieve the target reliability. Note, that this situation is very likely to happen in UL where increase of allocated bandwidth may not lead to better MCL due to UE TX power limitation. If resource access granularity a few times lower than the target latency (as shown in Figure 1), the cell-edge UE-3 may not be able to achieve the target MCL due to frame alignment delay. However, if the resource access granularity is small (as illustrated in Figure 2), it may be possible to utilize the full latency budget to achieve the target MCL level. Additionally, when the traffic is unpredictable (i.e. aperiodic), the resource utilization and achievable system capacity are higher for the case of finer resource access granularity in time.
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Figure 1. URLLC tradeoffs for the case of coarse resource access granularity.
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Figure 2. Illustration of URLLC benefits from the finer resource access granularity.
2.1 Flexible TTI Duration

In order to prove observations made in the previous section, we conducted link level evaluations. The detailed evaluation assumptions are listed in Appendix A. The results show the Maximum Coupling Loss in DL and UL assumptions considering identical transmission parameters but different TX powers and noise figures as per system level evaluation methodology proposed in [2].
	[image: image3.emf]-145 -140 -135 -130 -125

MCL, dBm

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S

E

,

 

b

i

t

/

s

e

c

/

H

z

SE vs DL MCL

15 kHz, 2 symb

15 kHz, 4 symb

15 kHz, 6 symb


	[image: image4.emf]-126 -125 -124 -123 -122 -121 -120 -119 -118 -117 -116

MCL, dBm

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

S

E

,

 

b

i

t

/

s

e

c

/

H

z

SE vs UL MCL

15 kHz, 2 symb

15 kHz, 4 symb

15 kHz, 6 symb



	Figure 3. URLLC Spectrum Efficiency vs DL and UL MCL for different TTI durations.


Based on the analysis of link level evaluation results, presented in Figure 3, we draw the following observations:  
Observation 1

· In the medium DL MCL range and for the same spectrum allocation size, the transmission bandwidth is more crucial than transmission time duration due to extraction of additional frequency diversity gain.
· In UL, the longer transmission time leads to better MCL for the same SE due to UE power limitation.

· The URLLC DL & UL transmission directions have a large MCL imbalance (~20 dB) due to different maximum TX power and RX noise figure assumptions. This fact needs to be considered for URLLC DL and UL system design. 
Based on the results, we conclude that for URLLC it is important to configure different TTI durations for a UE based on its channel conditions and latency budget. This is especially important for UL direction, where the better link budget cannot be achieved only by increasing allocation bandwidth and keeping the same TTI duration. In terms of NR procedures, the flexible TTI duration may be realized by the following two general approaches:
· A set of mini-slot lengths is configured to a UE. One mini-slot configuration is dynamically selected during scheduling.

· A few (e.g. one) basic mini-slot durations is configured to a UE. A longer TTI duration is achieved by aggregation of multiple configured mini-slots.

Based on the above observations and the discussion, we have the following proposal regarding the flexible URLLC transmission durations:

Proposal 1

· A set of URLLC transmission durations (mini-slots) is configured to a UE.
· The sets of URLLC transmission durations for DL and for UL may be independently configured.

· Flexible URLLC transmission durations are realized by aggregation of mini-slots.
2.2 Fine Resources Access Granularity
The benefits of fine scheduling granularity for URLLC services may be illustrated by simulation results for URLLC cell-edge UEs. The UEs with identical bad geometry are simulated in a single cell. The 60 kHz SCS and 14 symbols TTI is selected assuming the UL direction, Poisson packet arrival with 50 bytes payload, AWGN channel. The three different scheduling granularities are evaluated: 14 symbols, 7 symbols and 2 symbols.
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Figure 4. URLLC capacity for a single-cell scenario.

Based on the analysis of URLLC capacity for URLLC cell-edge UEs we draw the following observation.
Observation 2
· For a given system bandwidth, the finer time granularity of scheduling provides significant gains in URLLC system capacity due to better multiplexing and the sustainability to sporadic traffic load.
As discussed in our companion contribution [6], the granularity of scheduling may be configurable based on the requested service properties. In this case, TRP may configure a UE with a set of useful TTI durations based on its stochastic channel conditions, reliability, and latency requirements. The UE then may be scheduled with the configured scheduling granularity, e.g. minimum mini-slot duration. Therefore, the UE needs to monitor control channel with this granularity in time. More details on the signaling procedures for scheduling are discussed in [6].

Proposal 2

· URLLC resource access granularity is equal to or shorter than the minimum configured URLLC TTI duration.
· FFS the performance benefits vs complexity tradeoffs for symbol level resource access granularity for URLLC services.
3 Conclusions

In this contribution we discussion URLLC specific design implications on mini-slot structure. Based on the discussion and evaluations we have the following proposals:
Proposal 1

· A set of URLLC transmission durations (mini-slots) is configured to a UE.

· The sets of URLLC transmission durations for DL and for UL may be independently configured.

· Flexible URLLC transmission durations are realized by aggregation of mini-slots.
Proposal 2

· URLLC resource access granularity is equal to or shorter than the minimum configured URLLC TTI duration.
· FFS the performance benefits vs complexity tradeoffs for symbol level resource access granularity for URLLC services.
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Appendix A – Evaluation Assumptions

The table below provides detailed evaluation assumptions for the results provided in this document.
Table 1. Link level evaluation assumptions.
	Attributes
	Values or assumptions

	Target reliability
	10-4

	Modulation
	QPSK

	Channel coding
	LTE CTC

	User bandwidth
	20 MHz, 5-100 PRB range checked;

Localized transmission

	PHY Packet size
	50 byte (400 bit)

	Sub-carrier spacing
	15 kHz

	OFDM symbols per TTI
	2, 4, 6

	Channel model
	TDL-A in TR38.900; user speed = 3km/h

	BS antenna
	1 Tx, 2 Rx

	UE antenna
	1 Tx, 2 Rx

	Channel estimation
	Ideal
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