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Discussion/Decision
1 Introduction
The study item for 5G new radio access technology (RAT) is expected to include the following scenarios and requirements.

· Enhanced mobile broadband (eMBB)

· Massive machine type communications (mMTC)

· Ultra reliable and low latency communications (URLLC)

In this contribution, we first review the key performance indicators (KPIs) related to the URLLC and the previous RAN1/2 discussion on latency reduction techniques for LTE. Then, we take a look at several study areas for the URLLC including new frame structure and UL transmission procedure.
2 KPIs and Previous Discussion about URLLC
In mobile communication systems, latency can be defined in several ways. For instance, the one-trip time (OTT) refers to the time it takes from when a data is sent from a transmitter to when it is received at a receiver. Another latency measure is the round-trip time (RTT), which refers to the time from when a data is sent from a transmitter until an acknowledgement is received from a receiving entity (e.g., internet server or other devices) [1].
Reliability is an assessment criterion to describe the quality of a radio link for fulfilling a certain service level [1]. It can be characterized by several metrics such as SINR, PER or outage probability. Due to the various use cases of 5G ranged from UHD video streaming to V2X and factory automation, the importance of this measure becomes higher.

The recent 3GPP study on scenarios and requirements for next generation access technologies is now defining KPIs for 5G [2]. Among them, the KPIs about the URLLC are listed as follows.

KPIs related to URLLC

(a) Control plane latency
Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE). The target for control plane latency should be [10 ms].
(b) User plane latency
The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor base station reception is restricted by DRX. The target for user plane latency should be [0.5 ms] for UL, and [0.5 ms] for DL.
(c) Reliability
Reliability can be evaluated by the success probability of transmitting [X] bytes within [1 ms], which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge). The target for reliability should be [1-10-5] within [1 ms].

Besides, 3GPP has made an effort to reduce the LTE air interface latency. The study on latency reduction techniques for LTE [3], which is recently held in both RAN1 and RAN2, is meaningful in that the discussion results and proposals (although they are not agreed) can be applied to the URLLC in 5G. In this context, we briefly summarize the RAN1/2 discussion as follows.

RAN1 discussion
RAN1 has focused on TTI shortening and reduced processing time for DL and UL transmissions. Several key agreements and assumptions until now are described as follows.

· TTI length (simulation assumption): 1/2/3/4/7 symbols (other numbers are not precluded)

· UE is expected to receive a sPDSCH (PDSCH carrying data in a short TTI) at least for downlink unicast.

· If the number of supported short TTIs is more than one, the length of short TTI can be variable.

· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier.

RAN2 discussion

RAN2 discussed L2 procedure enhancements including pre-scheduling, SPS resource usage, handover latency reduction, and contention-based (CB) PUSCH. Several key agreements are described as follows.

· UE is allowed to skip dynamic and configured uplink transmissions if no data is available for transmission.

· A shorter SPS interval (1 TTI) should be supported.

3 Potential Enhancements for URLLC
In Section 2, we reviewed the KPIs and previous discussion about the URLLC. Based on these, we now explain the related study areas, including new frame structure, enhancements on UL transmission procedure and HARQ procedure.
3.1  New Frame Structure
User plane latency largely depends on frame structure, especially TTI length, so that 5G new RAT is expected to adopt new frame structure that includes short TTI. Although discussion on new frame structure design will be mainly conducted by RAN1, it is meaningful for RAN2 to consider its impact on layers 2 and 3.
Basically, multiplexing URLL traffic with normal (e.g., eMBB) traffic in the same carrier may provide better spectral resource utilization compared to allocating URLL traffic to the dedicated carrier. In addition, decreasing scheduling latency, which is defined as the time from when a data is generated to when it is scheduled, is necessary. From these perspectives, we can consider the following two frame structures as examples.
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Figure 1. Frame structures with fixed short TTIs (left) and opportunistic short TTIs (right)
Fig. 1 shows (a) the frame structure with fixed short TTIs and (b) that with opportunistic short TTIs. In the case (a), an eNB is always able to use not only normal TTIs but also short TTIs. Under the consideration of such a frame structure, it is required to study how to utilize always-existing short TTIs from RAN2 perspective.

In the case (b), an eNB typically uses the given resources as normal TTIs. Furthermore, short TTIs can be opportunistically allocated on top of the normal TTI whenever URLL traffic suddenly occurs. Note that the normal traffic carried on the normal TTI can be punctured (or not) during the short TTI. Due to the uncertainty of the existence of the URLL traffic, there can be several issues like how to schedule these opportunistic short TTIs.
Observation 1: It is necessary to study the impact of new frame structure with short TTI on RAN2 subject to the URLLC requirements in 5G.
3.2 UL Transmission Procedure Enhancement
UL scheduling is one of the areas that cause large delay in LTE. Let’s briefly review a general UL transmission procedure, which is based on the UE’s scheduling request (SR) and the eNB’s UL grant. This procedure is shown in Fig. 2 and the related latency components are described in Table 1.
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Figure 2. SR-based UL transmission procedure
Table 1. Latency components for SR-based UL transmission procedure in LTE
	Component
	Description
	Time (ms)

	1
	Average waiting time for PUCCH (10 ms SR period)
	5

	2
	UE sends SR on PUCCH
	1

	3
	eNB decodes SR and generates UL grant
	3

	4
	Transmission of UL grant
	1

	5
	UE processing delay (decoding of UL grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	7
	Data decoding in eNB
	3

	
	Total delay
	17


The SR-based UL transmission requires the latency components 1 ~ 3 in Table 1, which handle the SR sent by a UE. They are needed to guarantee that UE a dedicated UL transmission opportunity but may cause non-negligible delay. To avoid them, RAN2 discussed several alternatives such as SPS and CB access. As an example, the UL transmission based on the CB access is illustrated in Fig. 3.
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Figure 3. CB UL transmission procedure
Table 2. Latency components for CB UL transmission procedure in LTE
	Component
	Description
	Time (ms)

	1
	Transmission of UL grant
	1

	2
	UE processing delay (decoding of UL grant + L1 encoding of UL data)
	3

	3
	Transmission of UL data
	1

	4
	Data decoding in eNB
	3

	
	Total delay (if collision does not occur)
	8

	5
	Collision handling procedure (including random backoff and re-attempt)
	X

	
	Total delay (if collision occurs)
	8 + X


If the CB access is applied to UL transmission, the SR-related procedure is not needed so that the delay seems to be reduced. However, if collision between multiple UE’s transmission occurs on the same resource, the actual delay can be increased. The collision probability depends on the number of UEs that are assigned to the same CB UL grant and their traffic pattern. In addition, the UE’s behavior after the collision also affects the delay.
As explained above, each UL transmission procedure has its own pros and cons, which also depend on what situation we consider (e.g., cell load). Then, it can be an efficient approach that 5G new RAT supports multiple UL transmission procedures and adaptively uses them according to the situation. From this perspective, analyzing the pros and cons of the UL transmission procedures should be performed first under the URLLC requirements in 5G.

Observation 2: It is necessary to study the pros and cons of several UL transmission procedure including SPS and contention-based access subject to the URLLC requirements in 5G.
4 Conclusions
Observation 1: It is necessary to study the impact of new frame structure with short TTI on RAN2 subject to the URLLC requirements in 5G.
Observation 2: It is necessary to study the pros and cons of several UL transmission procedures including SPS and contention-based access subject to the URLLC requirements in 5G.
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