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1
Introduction
In the last RAN2 meeting several schemes were discussed as a means for latency reduction.  In addition a “do nothing” option in Release 10 was raised as a possibility.
In this contribution we discuss the practical achievable latencies in real LTE deployments and show results from a web browsing study performed with a real LTE network. From customer experience point of view faster response times for web browsing show a significantly improved user satisfaction.
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Discussion 
2. 2.1
Discussion of LTE/NGMN latency requirement

The original one-way RAN delay requirement for LTE was 5ms, leading to round trip latency within the RAN of 10ms [1]. But this was subsequently interpreted as being applicable for a pre-scheduled case, and in an unscheduled case where it is necessary to include a scheduling request (SR) for uplink resources, the round trip RAN latency was increased to around 20ms. 

In Rel-9, the minimum SR period is reduced to 1ms, so that some latency reduction in the unscheduled case is achievable. But it will only be possible to allocate such a small SR period to a small number of users, and therefore without further improvement most users in a loaded network will not experience any benefit. Similar constraints apply for pre-allocation methods that are possible in Rel-8. 

Therefore, if nothing further is done in Rel-10, it will be difficult in the medium term to offer RAN latency below 20ms and the implications of this on user experience need to be considered.

Deutsche Telekom AG considers it important to achieve an end-to-end round trip time latency performance in the range 20-30ms for a good web browsing experience. Further improvement of end-to-end latency below 20ms currently does not seem to be worthwhile, because of a diminishing impact on RTT on user experience below 20ms, and also considering the difficulties and efficiency implications of achieving RAN latency of less than 10ms, which is expected to necessitate a smaller TTI period. 
However, it needs to be emphasised that in a practical network, non-RAN parts of the network (transmission network, data network nodes) will contribute at least 10-20ms of additional latency on top of the RAN latency. Therefore in order for an end-to-end latency of 20-30 ms to be achieved, it is required that the typical RAN RTT latency is reduced below the 20ms value and approaches closer to the original 10ms RTT target. 
2.2
Web browsing test with different RTTs in real LTE network

Web browsing is an interactive service that faces significant challenges with low customer experience when accessed over wireless bearers with typically higher latency and lower throughput than fixed lines.  
Web pages are composed of a number of individual page objects (files) that need to be transferred individually from a web server to the terminal using the HTTP protocol. For each page object, the terminal issues a HTTP request, to which the web server responds with a HTTP response that carries the requested object. The resulting network traffic is characterised by a series of HTTP request / response patterns as depicted in Figure 1.
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Figure 1: Retrieving the objects of a web page with sequential HTTP transactions

It would be inefficient to fetch the objects of a web page in strict sequential order – a terminal would be spending most of its time waiting for a response while the request travels to the web server, is being processed and the response returned. Web browsers implement different techniques to issue HTTP requests for multiple web page objects in parallel. However, for most standard web browsers, the techniques implemented are still not adequate for speedy web access.
The investigation of web browsing page load times was conducted with LTE technology with an end-to-end user plane (IP level) throughput of 80 Mbps in Downlink and 30 Mbps in Uplink respectively. 
Depending on the parameterisation the end-to-end Round Trip Time (RTT) latency could be changed in steps of 4ms and varied between 18ms and 34ms – which reflects real LTE/SAE end-to-end network latencies [5].
Main observation considered the impact of a reduced RTT effecting the download times of full web pages.
Following trigger conditions and definitions were used in the test setup:

Page loadtime: 
Page load time as the time elapsing between selecting an URL to browser until the page has fully 
loaded, i.e. the web page presented to the user is complete and the user does not notice further 
communication over the network. 
The URL list is derived from the Alexa top 100 list ([2]) of the 
favourite web sites in order to cover pages with a broad range of different web technologies implemented.
For realistic tests with an LTE network two operation points are presented here: 

· The results showed that 80% of the URLs loaded faster than 6.34 seconds with the RTT of 34ms
· The results showed that 80% of the URLs loaded faster than 5.08 seconds with the RTT of 26ms

So an 8ms improvement of RTT in the 20..30ms total RTT region showed 20% performance improvement of web page loading times with the most frequently used web pages as listed by [2].
3
Conclusion

In order to optimise the end-to-end performance of interactive applications, especially such as Web Browsing (HTTP), the RAN RTT of LTE and LTE-A should be reduced as much as possible both for an unloaded and loaded system. 
Several promising options have been proposed having different strengths. The contention-based PUSCH proposal [3] offers a low latency for reasonable number of user and seems the most promising option at the moment. But this could be complemented with other methods that would accommodate a large numbers of active users using shared scheduling request opportunities [4]. 

Deutsche Telekom AG supports the inclusion of improved latency reduction schemes in 3GPP Rel-10 and does not support the “do nothing” option in Rel-10.

Finally in selection of a suitable latency reduction scheme, the target application should be Web-Browsing.
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