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1 Introduction

During RAN#61, a number of open issues relating to the scalable UMTS Study Item were identified:

· System level evaluation using bursty traffic

· Evaluation of the user plane latency and its implications to user experience

· Evaluation of the impacts of time-dilated UMTS to UE performance (e.g. battery life CPC, CELL_FACH impacts)

· Evaluation of the impacts of time-dilated UMTS on network performance and optimization

· Coverage analysis for voice (with 50msec latency) and data (with equal data rates) 

· Review TP on link level simulation results

· Capture system level simulation assumptions in the TR
User plane latency includes aspects such as HARQ RTT, scheduling delay and higher layer issues such as RLC retransmissions etc. This paper partially covers the open issue on latency by capturing the RAN1 aspects that contribute to latency in order to add to the “evaluation of user plane latency”. Further analysis could be built upon this analysis for the second aspect, “… and it’s implications to user experience”
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7
Solutions of Scalable UMTS
7.1.x User plane latency analysis

User plane latency is an important parameter that has significant impact on end user experience and system efficiency. Some services, such as voice are subject to strict latency requirements, and if these requirements are not met then the service is undeliverable. Other types of application, such as TCP are sensitive to latency; increasing latency degrades the performance of such applications.

Downlink and uplink Uu latency impacts are considered in the following sections. For applications in which data transfer in one direction is acknowledged in the reverse direction, downlink and uplink latencies are additive. For services such as voice, the latencies are not additive.

7.1.x.1 Considerations on downlink latency

Downlink Uu latency is defined in this context as the time interval between the first byte of an IP packet arriving at the Node B and the time at which the last SDU relating to the packet is delivered to RLC in the UE. In this section, it is assumed that the UE is already operating in CELL_DCH state; state transition latencies should be considered separately.

Downlink latency is influenced by a number of factors:

· The size of MAC PDUs supported by the physical layer

· This will depend on the air interface conditions. In particular, cell edge users in fading conditions may support relatively low MAC PDU sizes, which will require transmission of IP packets in several TTIs. Since cell edge performance is generally of key interest, it is important to consider latency impacts for such users
· The amount of HARQ retransmissions and the HARQ RTT

· Typically, the DL may be operated with a HARQ retransmission probability of 10%. If multiple MAC PDUs are required for an IP packet, then the probability of at least one packet requiring a retransmission increases

· Scheduling time

· The scheduling time will depend on the traffic situation and other users that need to be scheduled. It should be noted that an increased TTI length reduces the time granularity available for scheduling and hence the flexibility of the scheduler to meet QoS constraints for all users, minimize latency and schedule during favorable fast fading conditions.
· Signaling time

· This is the time required for signaling scheduler decisions; i.e. the first slot of HS-SCCH. Signaling time increases with a factor N with time dilation
· RLC retransmission time

· This is the time required for RLC retransmission of PDUs for which all HARQ attempts fail

Considering the impacts of the above mentioned factors, some simple analysis is presented in figures xx1-xx3 of the impact of a longer TTI on downlink Uu latency. In the analysis, it is assumed that the cell is completely unloaded, and hence only a single user is scheduled. The scheduling delay is therefore a single slot. Multiple PDUs are transmitted in consecutive HARQ processes. The HARQ retransmission probability is assumed to be 10%, with independent probability per TTI.
Figure xx1  indicates the minimum Uu delay, assuming no HARQ retransmissions. Figure xx2 shows an average Uu latency. For calculating the average, it is assumed that if one or more PDUs requires retransmission, then an extra DL RTT is added to the Uu delay. Figure xx3 shows a “maximum” retransmission time, in which it is assumed that at least one packet requires retransmission and hence an additional RTT is always added.
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Figure xx1 Minimum Dl Uu latency (assuming no HARQ retransmissions) depending on IP packet size

[image: image2.emf]1 2 3 4 5 6 7 8 9 10

0

10

20

30

40

50

60

70

80

90

Number of MAC PDUs required per IP packet

Dl Uu Latency (msec)

 

 

N = 1

N = 2

N = 4


Figure xx2 Average Dl Uu latency depending on IP packet size
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Figure xx3 Maximum Dl Uu latency depending on IP packet size

If a user supports a throughput of 1Mbps, then each MAC PDU can contain 250 bytes. With UMTS N=1, if for example 3 PDUs are required for receiving an IP packet, then the average latency increases with a few msec. With time dilation however, when N=2 3 packets require around 10msec additional DL Uu time and for N=4 20msec additional time is required. If further segmentation is required, the differences increase; for example with 5 PDUs UMTS increases average latency to around 12msec, whereas N=2 requires 10 and N=4 nearly 40msec additional latency on average, or 20-70msec peak; with 10 PDUs the latency increase may reach 80msec.
7.1.x.2 Considerations on uplink latency
Uplink Uu latency is defined as the duration of time between a data packet arriving in the UE buffer and the last SDU of the packet being received in MAC-es. For the purpose of this discussion, two types of UL data transmission are considered; data and IP ACKs relating to DL traffic. VoIP latency is not considered here, as latency cannot be compromised for VoIP, but rather other system parameters need to be adjusted (Notably the PSD  and code resources required for VoIP)
The following are factors that impact UL latency:

· Scheduling delay

· An advanced scheduler may implement TDM scheduling in the uplink. In this case, longer TTI lengths cause a reduced time granularity and some increased scheduling delay

· Some small packets such as TCP ACKs may be sent as unscheduled transmissions. However such transmissions may be restricted to certain HARQ processes, and increasing the TTI length may correspondingly increase the length of time before which a HARQ process becomes available

· Signaling delay; for users that are scheduled this is the E-AGCH or E-RGCH length; this increases with N

· TTI length

· This increases with factor N

· HARQ RTT

· This increases with factor N. 

· For file upload, at a typical operating point of 4 HARQ transmissions the L1 maximum HARQ latency is 96msec for N=2 and 192msec for N=4.
· For a small packet such as a TCP ACK, the UL gain factors would likely be adjusted such that the number of retransmissions would be lower than for file upload. However it should be noted that a single HARQ retransmission would necessitate 16-48msec additional latency for N=2-N=4, which could potentially have a significant impact on e.g. TCP.

For an small packet, with N=2 the following increases in latency could be expected:

· Assuming unscheduled transmissions, for scheduling delay 2-18msec additional latency, depending on the HARQ process restrictions

· TTI length 2msec additional latency

· 16msec additional latency for any HARQ retransmissions

· Thus the total additional latency could be in the range 4-36msec, depending on the system configuration.

· It should be noted that configuring e.g. fewer HARQ process restrictions or fewer retransmissions to reduce latency could have the effect of reducing UL system efficiency and hence capacity
For N=4, the additional latency would increase as:

· Assuming unscheduled transmissions, for scheduling delay 6-54msec additional latency, depending on the HARQ process restrictions

· TTI length 6msec additional latency

· 48msec additional latency for any HARQ retransmissions

· Thus the total additional latency could be in the range 12-108msec, depending on the system configuration.

· It should be noted that configuring e.g. fewer HARQ process restrictions or fewer retransmissions to reduce latency could have the effect of reducing UL system efficiency and hence capacity
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