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1. Introduction

The Time-dilation solution for scalable bandwidth UMTS increases the air interface latency as a factor of 2 and 4 for 1.92 Mcps and 0.96 Mcps cases respectively. In this document the impact of latency to end user experience is discussed. It is also worth noting that the Scalable Bandwidth UMTS by Filtering does not impact air interface latency.
2. Discussion

One of the key ingredients for a good user experience is latency. The time from a user sending a piece of data, e.g. requesting a download or a Web page to load, to the time when the user gets a response - is sometimes even more important than the throughput, or bit rate, offered.
Modern mobile broadband networks based on HSPA can already offer a decently low latency for most applications. However, low latency is not a given and care must be taken to design the network in a way that provides the lowest latency. When studying networks, we can see that some parts of the network generate most of the latency, with radio access and transport playing key roles in efforts to cut response times on the broadband highway.
As most of the end user applications used over the Internet are based on TCP, latency is crucial to the broadband experience. TCP requires the recipient of a packet to acknowledge its receipt. If the sender does not receive a receipt in a certain amount of time, TCP assumes that the connection is congested and slows down the rate at which it sends packets. Short data transfers suffer more from reduced TCP performance [2]. High latency causes noticeable delays in, for example, downloading Web pages. 
People are becoming more “latency aware” and fast response times matter. With low latency, the end user has a better experience of Web browsing, as Web page pages download more quickly. Happy customers mean less churn, while fast response times also mean more revenue. The end users´ tolerable waiting time, is getting shorter. Users can become frustrated by slow Web sites, which are perceived to have lower credibility and quality – by contrast, faster Websites are perceived to be more interesting and attractive.
Document [3] states that when the Google Maps home page was put on a diet, shrunk from 100K to about 70K to 80K, traffic was up 10 percent the first week and grew 25 percent more in the following three weeks. Google also found that moving from a 10-result page loading in 0.4 seconds to a 30-result page loading in 0.9 seconds decreased traffic and ad revenues by 20%. It turned out that the cause was not just too many choices, but the fact that a page with 10 results was half a second faster than the page with 30 results. A httparchive.org test on 27.9.2013 revealed that it took 1.1 seconds to load 395kB of data over 14 requests to download google.com 15-year anniversary opening page, and according to [6] an average web page generates over 90 separate requests during its download, and is about 1.5 MB in size.
Experiments at Amazon have revealed the following results: every 100 ms increase in load time of Amazon.com decreased sales by one percent. [4].

Tests at Microsoft on Live Search [5] showed that when search results pages were slowed by one second queries per user declined by 1.0%, and ad clicks per user declined by 1.5%.

With many gaming applications latency literally kills [7].
Figure 1 estimates the nominal HSPA network latency and compares it to N=2 (1.92 Mcps) time-dilated UMTS network latency with different uplink TTI lengths and with absence of HARQ retransmissions and with one HARQ retransmission to both directions.
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Figure 1: Estimated RTT of 3.84 Mcps and 1.92 Mcps systems with 1 and 0 HARQ retransmissions and with different UL TTI lengths
3. Conclusions

The impact of latency to end user experience has been extensively studied over the years, and the trend in both user expectations and in requirements set to the networks is towards lower and lower latency. The practical impact of Time-dilation solution for Scalable Bandwidth UMTS is working to the other direction and significantly increases the radio RTT adding to the delays experienced on all services. The Scalable Bandwidth UMTS by Filtering solution does not suffer from increased latencies.
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