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1
Introduction

In order to complete the U-plane latency evaluation in TR 25.912 this contribution discusses the evaluation assumptions, estimation of different delay components and the impact of HARQ retransmission delay and eNB-aGW delay assumptions. Based on the discussion we propose a conclusion for the U-Plane latency evaluation section in TR 25.912.
2
Discussion

2.1
Assumptions for U-plane delay evaluation
In TR 25.913 the following is stated:

U-Plane Delay Definition – U-plane delay is defined in terms of the one-way transit time between a packet being available at the IP layer in either the UE/RAN edge node and the availability of this packet at IP layer in the RAN edge node/UE. The RAN edge node is the node providing the RAN interface towards the core network.

Specifications shall enable an E-UTRA U-plane latency of less than 5 ms in unload condition (ie single user with single data stream) for small IP packet, e.g. 0 byte payload + IP headers E-UTRAN bandwidth mode may impact the experienced latency.

Note: This requirement, more specifically the exact definition of latency, may be revisited and further clarified once there is a 3GPP system end-to-end requirement agreed and the overall system architecture is settled, including the RAN and core network functional split. This means that the network entities between which the U-plane latency requirement of E-UTRA and E-UTRAN applies, will finally be defined at a later stage.

The definition of the u-plane latency based on the availability of the packet at the IP layer implies that the latency is measured above the PDCP-layer and thus between UE and aGW. As there is no clear end-to-end requirement agreed that justifies the revision of the requirement, we propose that for evaluation purposes of 25.912, this assumption is kept.
The “unload condition” assumption of a single user with single data stream implies no scheduling delays due to other users and data streams. From latency point of view this justifies the assumptions of immediate scheduling both at radio interface and eNB-aGW-interface. This implies that queuing delays for both can be excluded. Furthermore, as the radio resource usage is not an issue in a single user case, it can be assumed for the baseline evaluation that sufficient block error probability can be achieved without RLC and possibly even without HARQ retransmissions.
Finally, the “small IP packet” assumption implies that the packet fits in one subframe and no segmentation is used.

In TR 25.913, nothing explicit is said about the assumed precondition for the U-plane delay evaluation. We propose that an “ongoing data flow” is assumed. This implies that the UE is in active state without using DRX and that there are UL resources available without a need for RACH access to request them. Thus there should be no RACH delay component present in the baseline evaluation. 

As a summary, we propose the following assumptions for the evaluation of the baseline case:

· Latency measured above PDCP-layer between UE and aGW;
· Unload conditions:
· Immediate scheduling;
· eNB-aGW latency not affected by queueing;
· No RLC retransmissions;
· Likely no HARQ retransmissions.
· Small IP packet:
· packet fits in one subframe, no segmentation used.
· UE in active state, no DRX;
· UL resources availalbe, no RACH delay component present in the baseline.
2.2 Delay components for u-plane latency evaluation
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Figure 1: Delay components for u-plane latency
Based on the discussion above we can now identify the relevant delay components for u-plane latency evaluation:

· UE prosessing delay: header compression, ciphering and RLC/MAC processing
· Resource allocation and physical layer transmission delay: Tx L1 processing, TTI, subframe alignment and Rx L1 processing
· HARQ retransmission delay

· eNB processing delay: RLC/MAC processing
· eNB-aGW delay

· aGW processing delay: header decompression and ciphering
These are shown in Figure 1. In Table 1, assumptions for the values of each delay component are given for evaluation purposes, apart from the HARQ retransmission and eNB-aGW delays. 
Table 1. Assumed delay values

	Component
	Assumed value

	UE processing delay
	0.125 ms

	Resource allocation and physical layer transmission delay
	2.75 ms

	eNB processing delay
	0.025 ms

	aGW processing delay
	0.1 ms


The reason not proposing any specific value for HARQ retransmission delay is that it is not clear whether it should be even excluded from the u-plane latency evaluation or whether some small, possibly less than one value should be used. For the eNB-aGW delay, it is also difficult to propose a single value as this is very much dependant on the transport network detals. Thus, in Table 2 we evaluate the U-plane latency for various values of HARQ retransmission and eNB-aGW delays. Looking at the values in the table, we conclude that with sufficiently low HARQ retransmission and eNB-aGW delays the specifications enable an E-UTRA U-plane latency of less than 5 ms in unload condition for small IP packet.
Table 2. Proposed delay values
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3
Conclusions
In this contribution we discussed the evaluation assumptions, estimation of different delay components and the impact of HARQ retransmission delay and eNB-aGW delay assumptions. Based on the discussion, we propose to capture in TR 25.913 the conclusion that with sufficiently low HARQ retransmission and eNB-aGW delays the specifications enable an E-UTRA U-plane latency of less than 5 ms in unload condition for small IP packet.
