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Introduction
This contribution discusses and clarifies the E2E time delay definition in the SMARTER TR 22.891. It is proposed to include the following analysis into TR22.891 Annex.
Annex <X> Time Delay analysis
A.X.1 Time Delay Scenarios 
[bookmark: OLE_LINK1]There are several cases for the E2E delay definition in the local communication scenario (e.g. with ultra-low latency requirement) as shown in Figure x1. Note that the numbers in the figure indicate the component links of a communication path, for example, 1 refers to the link from a UE to an eNB.
a) via 1, 8  (in red):  RTT (round-trip-time) for Uu interface
b) via 1, 6,7,8 (in blue):  E2E communication. Normally it doubles the time delay in case a). 
c)  via 1,2, 3, 4,5,8 (in yellow): from UE to the APP Server 
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Figure x1. Time delay definition for Local scenario

There are several cases for the E2E delay definition in the remote scenario (e.g. with low latency requirement) as shown in Figure x2 below:
d)  via 1,2,5,8,9,10,11,12,13,14 (in blue):  E2E communication via different EPCs in remote cities.
e) via 1,2, 3’, 4’,13,14 (in yellow): from UE to APP Server (Client-Server). In this case but the APP Server is far away from EPC1.
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Figure x2. Time delay definition for Remote scenario

The E2E time delay will be longer if we consider the process delay in each nodes.
A.X.2 Physical limit
The time propagation delay is limited by physics, i.e. the speed of light (299 792 458 meters per second) in air and 2/3 of the speed of light in fibre connection. With these limits, 1ms one way transmission latency can be mapped to 300 km air propagation or 200 km for fiber based transmission as shown in Figure x3. Note that the propagation delay also depends on the wavelength (reflection index from around 1.4 to 1.6). In addition any elaboration of the packet and any queue at the ingress of the equipment crossed further increase the delay. 


Figure x3. latency per distance for free air propagation and fiber

[bookmark: _GoBack]The current deployment of the fiber system is depicted by submarine cable map (http://www.submarinecablemap.com)Figure x4. The intercontinental connection goes beyond several thousand kilometres and correspondingly the latency over the intercontinental fiber is around several 10s of ms. 

[image: ]
Figure x4.  Submarine cable map (http://www.submarinecablemap.com/) 

A. X.3 RecommendationsConclusions
1. Local Communication:  E2E time delay can not be less than 1ms or several ms.
2. Remote Communication:  E2E time delay can not be less than 10ms or several tens of ms.
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