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Performance Evaluation of EMSR
NOTE: This is a resubmission of GP-100363 from GERAN#45. As stated in the GERAN2#45 Chairman’s summary (GP-100606) companies were there invited to provide timely comments offline before GERAN2#45bis meeting. No such comments have been received - neither for GERAN2#45bis, nor for GERAN#46. Hence this paper is resubmitted without modifications as compared to the original version.
1 Introduction
The key benefit of EMSR (Enhanced Multiplexing for Single RLC entity) is that it allows for prioritizing the transmission of user plane payload associated with the set of PFCs that share a common RLC entity on a per RLC data block basis i.e. without forcing the completion of an ongoing LLC PDU associated with a PFC in the set to be completed before starting the transmission of a new LLC PDU associated with a higher priority PFC in the set.

This ability to interrupt the transmission of an ongoing LLC PDU associated with a lower priority PFC to begin transmitting an LLC PDU associated with a higher priority PFC is seen is being especially critical for delay sensitive services that make use of RLC NPM, such as e.g. if running a VoIP session in parallel with a less delay sensitive video streaming session, where the audio component must be prioritized in the event of resource shortages.
This ability is however also highly beneficial for delay sensitive services that make use of RLC AM, such as e.g. web-surfing, FTP download (or any other upload/download-traffic that has a low round-trip-time experience requirement from the end-user perspective) that is used in parallel with e.g. as more delay sensitive service such as e.g. chatting or gaming, which requires a fast (prioritized) response time regardless of all other packet data services that may be ongoing
In addition, since EMSR allows for the inclusion of additional TFIs in each RLC data block, data from multiple PFCs may be included in each RLC/MAC block. This means EMSR allows for both a more efficient usage of the available resources.
2 About this paper
In order to evaluate the performance of EMSR, this paper investigates two different scenarios, which are both chosen in order to illustrate the handling of two concurrent PFCs to/from one and the and the same mobile station; 

· Scenario 1: The downloading of a 1MB file using FTP whilst simultaneously letting the MS ping a server on the internet. In this scenario RLC AM is used, and the ping application may be seen as a generalization of any service using RLC AM which requires a fast response time such as e.g. gaming etc.  (See Section 3.1 for details)

· Scenario 2: Letting one MS have both a bi-directional AMR 7.95 VoIP session as well as an also bi-directional 64kbps video session ongoing simultaneously. In this scenario RLC NPM is used. (See Section 3.2 for details)

The corresponding simulation results, as well as more details on the respective scenarios, are given in Section 3.
3 Simulation Results
In Table 1 below, the most important simulator parameters and settings common for both of the evaluated scenarios, is shown:
Table 1 – Common parameters and settings for both scenarios.
	Parameter
	Details 

	Channel profile
	TU3iFH w. co-channel interference.

	Slow Fading
	No log-normal  ading but rather a fixed mean C/I=[10, ….,40]dB has been used in addition to the fast fading. Same mean C/I for both UL and DL.

	IRC
	No

	TCP
	maxSegmentSize=1460bytes, initialWindowSize=3, delayedAck = yes (200ms) etc.

	IP
	IPv4, Header Size = 20bytes

	LLC
	LLC Unacknowled more. Header Size = 10 bytes, Max MTU size = 512 bytes

	RLC/MAC
	EGPRS level = EGPRS, 

TTI = RTTI
FANR used

	Transport
	Abis/IP & Gb/IP 

	AQM
	Yes (min drop threshold =10 kByte)

	Resource Allocation
	Multislot Class 33 MS, single carrier allocated on 4TS DL + 2 TS UL or 2TS DL + 4TS UL depending on traffic direction.

	About the simulations
	Single user scenario. 20 samples per configuration. For VoIP and Video the session duration for each sample is 180s.


For each and one of the scenarios, four different configurations are compared:

I. ‘No internal prioritization between the 2 PFCs using 1 RLC Entity' 
In this configuration, both PFCs share the same RLC entity. Whatever LLC PDU that first arrives to the transmitting RLC entity, will be segmented and transmitted first. Thus this could be considered as one big FIFO-queue, which does not take into account e.g.  the delay attributes (QoS) of the respective PFC. Since the TFI is indicated in the header of the RLC/MAC block, only LLC PDUs associated with one PFC may be included in one RLC/MAC block.
II. ‘With internal prioritization between the 2 PFCs using 1 RLC Entity'
This configuration is similar to I above, with the important difference that an LLC PDU belonging to a PFC with stricter delay requirements will be prioritized over LLC PDUs belonging to a PFC with lower delay requirements. If this happens, the transmission of a currently ongoing lower prioritized LLC PDU is finalized, before the higher prioritized one is transmitted. This regardless of the size of the currently ongoing LLC PDU. 
III. ‘With prioritization between the 2 PFCs using 1 RLC Entity using EMSR'
This configuration is similar to II above, with the difference that EMSR is now used. This means that, whenever an LLC PDU associated with a higher prioritized PFC arrives to the transmitting RLC entity, the transfer of any currently ongoing LLC PDU associated a lower prioritized PFC is halted, whereupon the new, higher prioritized, LLC PDU may be segmented and transmitted immediately. In addition, since EMSR also allows for the inclusion of additional TFIs in each RLC data block, data from multiple PFCs may be included in each RLC/MAC block, thus potentially improving the overall resource utilization.
IV. ‘2 RLC Entities (Multiple TBF)'
In this configuration, each PFC is thus assigned its own TBF and thus its own RLC entity.  This case is included merely as a reference.
3.1 Scenario 1: Ping and FTP Download

In this scenario, the user is downloading 1MB file using FTP whilst simultaneously pinging (i.e. sending ICMP echo requests to and receiving responses from) a server on the internet. The ping application may be seen as a generalization of virtually any PS service which requires a fast response time such as e.g. gaming etc. The most important simulator parameters and settings specific for this scenario are given in Table 2 below.
Table 2 – Protocol and System related Parameters and Settings.
	Parameter
	Details

	Application 1: Ping
	packet size = 40byte, ping interval=1s, timeout = none  ( QoS= Interactive )

	Application 2: FTP
	FTP Download of a 1 Mbyte large file  ( QoS= Background )

	RLC Mode
	RLC AM (Acknowledged Mode)


In Figure 1 below the resulting mean ping round trip times (RTT) as well as the application layer FTP throughput are shown for the four different configurations I - IV as listed in the beginning of Section 3.
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Figure 1 - Left: Ping round trip time (RTT) 
 Right: Application layer FTP throughput
From the plot of ping round trip times to the left in Figure 1 above, a number of conclusions can be drawn:

· Comparing I with II, it is evident that a significant reduction of the ping RTT is achieved if letting the LLC PDUs associated with PFC belonging to the delay sensitive ping service take precedence over the LLC PDUs associated with PFC belonging to the less delay sensitive FTP service upon segmentation and transmission in the RLC AM entity, as discussed earlier and is of course very much as expected if QoS is implemented and used in a proper manner.
· By comparing II with III it is furthermore seen that the usage of EMSR even further reduces the Ping round trip times. This is, as discussed earlier, due to the fact that with EMSR, the transmitting RLC AM entity is allowed to halt the segmentation and transfer of any currently ongoing LLC PDU associated with the lower prioritized PFC belonging to the FTP service, and instead immediately start segmentation and transmission of a new LLC PDU associated with the higher prioritized PFC belonging to the Ping application, once such an LLC PDU is available.
· By furthermore comparing III with IV it is additionally seen that the EMSR configuration III in many cases also outperforms the multiple TBF configuration IV. This may be explained by the fact that the in these simulations used implementation of multiple TBFs does not allow the MS to transmit data bellowing to any other TBF (and thus PFC) than the one that has been assigned the uplink radio resources by the network at that very instant of uplink scheduling. A proper implementation of multiple TBFs would however not have this limitation, but is of course quite a bit more complex. Clear should however be that in either case, when using multiple TBFs, the possibility to include payload belonging to different PFCs in one and the same RLC/MAC block is not possible, as compared to when EMSR is used.

If now looking at the plot of the application level FTP bit rates to the right in Figure 1, it is seen that the throughput for the FTP service is virtually unaffected by the individual prioritization between the PFCs (II) and, in particular, by the use of  EMSR. 
The two main configurations to be compared are obviously configuration II (without EMSR) and configuration III (with EMSR). The absolute and relative gains in terms of reduced ping round trip times in this scenario are shown in Figure 2 below, where it can be seen that EMSR provides a reduction in RTT of near 30% in the evaluated scenario.
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Figure 2 – Absolute and relative gains of EMSR through comparison of configurations II and III
3.2 Scenario 2: Bi-directional VoIP and 64kbps Video

In this scenario, the user has both a bi-directional AMR 7.95 VoIP session as well as an also bi-directional 64kbps video session ongoing simultaneously. The most important simulator parameters and settings specific for this scenario are given in Table 3 below.
Table 3 – Protocol and System related Parameters and Settings.
	Parameter
	Details

	Application 1: VoIP
	Bi-directional VoIP using AMR 7.95 codec with 40ms speech framing (i.e. frame size =336bits). 
Speech encoding/decoding delay = 15/5ms

Voice Activity Factor =0.5. Mean talk spurt duration = 5s. ( QoS= Conversational )

	Application 2: Video
	64kbps fixed bitrate, real-time video. ( QoS= Streaming )
Video encoding/decoding delay = 40/40ms

Play out frequency = 60Hz

	RTP
	header size = 12 bytes, sampling rate =8000


	UDP
	header size = 8 bytes, max MTU size = 1600 byte

	ROHC
	Yes

	RLC Mode
	RLC NPM (Non-Persistent Mode)  NPM Timer =250ms

	Session Duration
	180s for both VoIP and Video



In Figure 3 below the resulting total delays for both the VoIP speech frames as well as for the Video frames in each of the link directions are shown for the four different configurations I - IV.
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Figure 3 – Top left: Uplink VoIP Speech Frame Delays, Top right: Downlink VoIP Speech Frame Delays, Bottom left: Uplink Video Frame Delays, Top right: Downlink Video Frame Delays
From the VoIP speech frame delays in Figure 3, pretty much the same conclusions as for the previous scenario can be drawn, namely:

· The delay of the VoIP Speech frames are greatly reduce upon segmentation and transmission  in the RLC entity prioritizing LLC PDUs associated with the PFC belonging to the more delay sensitive VoIP service take over the LLC PDUs associated with PFC belonging to the less delay sensitive Video service. 
· EMSR even further reduces the VoIP speech frame delay since the transmitting RLC AM entity is allowed to halt the segmentation and transfer of any currently ongoing LLC PDU associated with the lower prioritized PFC belonging to the Video service, and instead immediately start segmentation and transmission of a new LLC PDU associated with the higher prioritized PFC belonging to the VoIP service, once such an LLC PDU is available.
· The multiple TBF configuration produces the lowest VoIP speech frame delays, which however comes at the cost of deteriorating the Video Frame delays. The TBF (PFC) associated with the VoIP service are simply given a larger fraction of the scheduled resources whereas the Video service gets less.
· The performance of the Video service when using EMSR (III) is on par, or better than, the case when EMSR is not used (II)

If now comparing configuration II (without EMSR) and configuration III (with EMSR) in terms of VoIP speech frame delays, the absolute and relative gains in this scenario are shown in Figure 4 below. Here it can be seen that the gains of EMSR is somewhere in the region of 7-15% in the uplink and 3-20% in the downlink depending on the radio conditions. The reason EMSR provides larger gains in the uplink are due to the fact that this link direction is heavier utilized having only one PDCH-pair most of the time whereas the downlink has 2 PDCH-pairs. Noted should be that an even heavier utilization of the available resources due to e.g. multiplexing with other users or a higher bitrate video stream would surely increase the gains of EMSR even further.
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Figure 4 – Absolute and relative gains of EMSR through comparison of configurations II and III
4 Conclusion
This paper has shown a simulated evaluation of EMSR in two different scenarios:
· The downloading of a 1MB file using FTP whilst simultaneously letting the MS ping a server on the internet. In this scenario RLC AM is used, and the ping application may be seen as a generalization of any service using RLC AM which requires a fast response time such as e.g. gaming etc. The relative gain of EMSR in this scenario was 30%.

· Letting one mobile station have both a bi-directional AMR 7.95 VoIP session as well as an also bi-directional 64kbps video session ongoing simultaneously. In this scenario RLC NPM is used. The relative gain of EMSR in this scenario was in the region of 3-20%. 
Therefore it is the belief of the sourcing companies that the additional implementation complexity associated with the proposed EMSR feature is seen to be quite limited in light of the associated benefits and future-proof flexibility of EMSR.
















































































































































































































































































































































































































































































































































































































































































































































































































