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1	Introduction
Next generation access technologies i.e. NR are associated with new requirements [1]. In particular, along with applications with high requirements on the end-to-end throughput, next generation access technologies involve also applications which are aimed to deliver critical information with high reliability. Such applications involve requirements on high reliability and low latency for delivering data, not necessarily with high throughput, forming thus the concept of so-called Ultra Reliable Low Latency Communications (URLLC). Examples of URLLC include machine-type communications with industrial, automotive, as well as health-care use cases. URLLC is essentially associated with a new design aspect, since mobile networks so far were driven towards higher data rates.
In this document, the requirements of URLLC are discussed with respect to reliability and latency. Based on estimates for some interruption events (defined in Section 2.1), we highlight the fact that existing solutions are not able to meet such requirements in scenarios with high mobility.

2	Discussion
2.1	URLLC Requirements
The term reliability refers to the probability of correct reception of a given transmitted message within a given time [1]. For some mobile applications reliability is a critical factor. Such applications include autonomous driving as well as industrial applications, where a high reliability requirement (on the order of 99.999%) has been set [1]. 
Besides reliability, latency is also a critical factor for the operation of the aforementioned applications. The term latency refers to the time interval for the delivery of an application layer packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface [1]. As such, the latency requirement refers to the requirement that packets must be delivered within limited time. In mobile networks, the latency requirement is conceptually related to the reliability requirement. In the following, we highlight this connection between the reliability requirement and the latency requirement via an example.
Example: Reliability Requirement connected with Latency Requirement. Suppose that a packet with a given size (e.g., Z=100bits) needs to be transmitted with a given probability of correct reception (e.g., reliability requirement X=99.999%) within a limited time (e.g., latency requirement Y=1ms). This yields a required goodput (i.e., throughput of successful data) of Z/Y=100bits/1ms=100Kbps. Moreover, the tolerable packet loss probability is (1-X). Such packet loss is caused by one of the following reasons: a) goodput of Z/Y is not met; b) latency Y is exceeded. Given that reliability-critical applications involve usually small packet sizes, the goodput requirement is not challenging (i.e., the 100Kbps requirement in our example is not challenging with the use of the following assumptions: Modulation and coding scheme (MCS): QPSK, ½ coding rate; 24-bit cyclic redundancy check (CRC) size; automatic repeat request (ARQ) on top of Hybrid ARQ (HARQ)). Hence, it follows that a reliability requirement X% is equivalent to the requirement that the latency is exceeded not more than (100-X)% of time.
Late packet delivery in mobile networks can be a result of contention or of poor link conditions (leading to retransmissions). However, particularly in high velocities, late packet delivery can be a result of interruptions, which occur during handovers and failures. Hence, it can be concluded that mobility events can cause additional latency. Apparently, this applies also to the case of LTE dual connectivity where the two connection legs operate at different frequencies. Nevertheless, it is worth mentioning that shorter mobility interruption times can be achieved when UEs which are compatible to monitoring both source and target links are employed [3]. Note that the extra latency does not only affect the individual packets, but potentially also the subsequent packets due to in-sequence delivery.
Observation 1: Mobility events can create extra latency to individual packets. This holds also for LTE dual connectivity.
Let us consider the cases of single connectivity and LTE dual connectivity separately. The events we are focusing on are a) successful handover and b) radio link failure (RLF) for single connectivity; secondary cell group (SCG) RLF with fallback to master cell group (MCG) and RLF in MCG with available secondary cells for LTE Dual Connectivity. In the following, we calculate an approximation of the interruption for each of these cases.
Single Connectivity:
a. Successful handover: A rough approximation on the frequency of occurrence of successful handover is one cell change per minute per user (for 500m ISD and 3km/h, it can also be much more). As an example for the interruption time during handover we assume ~50ms as stated in [2]. The overall percentage of time under an interruption due to successful handover is thus estimated as: 50ms/60s= ~ 0.001=0.1%.
b. RLF: An RLF is declared after the expiration of the T310 timer, which starts after a series of N310 consecutive out-of-sync indications from lower layers, with 200ms spacing in between [4]. After RLF declaration the UE tries an RRC re-establishment to a new cell. 
Even if we assume that the re-establishment is successful (with context fetching), an RLF will cause a massive interruption time far beyond 200ms (with N310=1 and T310=1s, see [4]). Shorter values for N310 and T310 can certainly reduce the interruption time, however they will increase the number of RLFs since many of them will be declared unnecessarily (little chances to recover). 
With larger velocities, many cell changes will lead to RLFs due to “too late handovers”. Even with MRO, we may end up in 10% of the cell changes, i.e. 1 RLF in 10 minutes. The overall percentage of time under an interruption due to RLF is thus estimated as far beyond 200ms / 600sec = 0.03%.

LTE Dual Connectivity
a. SCG RLF with fallback to MCG: The interruption time in this case is smaller than that of single connectivity RLF, since a radio resource control (RRC) re-establishment process is not necessary. Nevertheless, because of the bearer split, a secondary RLF (S-RLF) entails that some data are left in the SCG buffer which need some time to be re-transmitted. Triggers of such re-transmission is either a message from the user equipment (UE) indicating S-RLF or the expiry of the re-transmission timer in the PDCP. The former case (S-RLF indication by UE) is dominated by the RLF detection at the UE, whose duration is at the same order as the RLF for single connectivity (c.f. section above). The latter case (timer expiration at the PDCP) does not lead to physical interruption; however, short re-transmissions would still lead to unnecessary packet duplication. Thus, a rough estimate of the packet delay is on the order of ~50ms.
Note that data can still be exchanged via the macro cell, i.e. the actual interruption is zero. However, there will be a significant extra-latency to those packets which are already in the SCG buffer.
Similar to the above we assume that S-RLFs can happen once in 10 minutes (in scenarios with small cells and mobility). The percentage of time under extra-latency due to S-RLF is estimated to ~0.01%.

b. RLF in MCG with available secondary cells: A MCG RLF entails a full break as well as the need for connection re-establishment. This leads to an interruption time far beyond 200ms, since it is triggered by the same mechanism as the single connectivity RLF. 
	On the basis of the above results in conjunction with the reliability requirement X discussed in the third paragraph of this section (i.e., the requirement that the latency is exceeded not more than (100-X)% of time), it follows that such requirement is not met for the requirements set by URLLC services (i.e., for X=99,999% yielding (100-X)=0.001%,).. This applies to both existing single connectivity and LTE dual connectivity schemes.
Observation 2: The extra latency due to mobility exceed typical URLLC latency requirements.
Observation 3: The occurrence of the extra latency may lead to more outage than the URLLC reliability requirements allow, if high mobility is involved.
	

2.2	Consequences
With the previous discussion we can conclude that URLLC investigations must take mobility into account. Initially it has to be clarified which kind of mobility requirement comes along with which latency/reliability (and data rate) requirements.
A prominent example for URLLC services is autonomous driving which obviously has massive mobility requirements by definition, but probably moderate data rate requirements. Other URLLC services may have more relaxed mobility requirements.
Proposal 1: Mobility requirements accompanying URLLC requirements have to be clarified.
Having concretized the mobility requirements, URLLC has to carefully take into account the extra latency due to mobility events. Looking only at interruptions according to the definition in [1] is not enough, as the example with the S-RLF above has shown. Based on those analysis it has to be considered whether new techniques are needed, such as packet duplication for DC or make before break handovers.
Proposal 2: URLLC investigation shall take extra-latencies (beyond the actual interruption) created by mobility events into account.
3	Summary
The above discussion is summarized in the following statements. 
Observation 1: Mobility events can create extra latency to individual packets. This holds also for LTE dual connectivity.
Observation 2: The extra latency due to mobility exceed typical URLLC latency requirements.
Observation 3: The occurrence of the extra latency may lead to more outage than the URLLC reliability requirements allow, if high mobility is involved.
Proposal 1: Mobility requirements accompanying URLLC requirements have to be clarified.
Proposal 2: URLLC investigation shall take extra-latencies (beyond the actual interruption) created by mobility events into account.
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