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Performance Comparison 
between HPCH, IPA and Extended CCCH 
1. Introduction

In the previous meeting the performance of the HPCH concept was compared with the performance of the IPA concept by means of a simulation study [GP-121281, see Ref. 1]. This paper complements the study by presenting results from the new simulations where the extended CCCH has been included and where the collision model on the random access channels has been improved. The key findings from this simulation study are the following ones:
· The HPCH concept brings much higher gain in the AGCH channel utilization than the IPA concept and thus is deemed to lead to significantly lower channel congestion on CCCH in case of high PS data loads. In addition the gain steadily increases along the penetration rate of HPCH/IPA capable mobiles.

· The HPCH with 6 HPRACH blocks seems to give a fairly good performance both with low and high PS traffic load levels giving lower MO message transmission delay than any of the IPA configurations in all simulated conditions, and only 20 – 40 ms higher delay than the CCCH configuration. 
2. MODEL description

A GPRS/EGPRS protocol level simulator has been used in this study. The simulation model is the same as described in [GP-121281, see Ref. 1] except for the following changes: 

· The C/I cut-off value has been reduced from 7.5 dB to 5.0 dB (actually the simulations were done with both C/I cut-off values, 5.0 dB and 7.5 dB, but there were no major differences in the results).

· The collision model on the random access channels (RACH and HPRACH) has been updated, see section 2.1 for more details.

· The extended CCCH (extCCCH) has been included in the simulations. It has been assumed in the model that when extCCCH is enabled, there is one timeslot less for PS traffic. 
· The ‘IPA wait time’, that determines the maximum buffering time for an assignment in the IPA modelling, is set to 100, 200 or 400 ms (was earlier 100, 300 or 500 ms). This change was done in order to reduce the number of cases where the MS re-sends the Channel Request message before receiving the assignment to the previous one (the minimum time between two subsequent Channel Requests is S=109 TDMA frames which is about 503 ms).
2.1 Collision model
If there is a collision on the random access channels (RACH or HPRACH), then the power ratio of the two colliding Channel Requests is determined. The power ratio is the input to the look-up tables that determine whether either of those Channel Requests is received correctly. The first look-up table is used when two CS call requests collide on RACH (see Figure 1). The second look-up table is used when a CS call request collides with a PS call request on RACH (see Figure 2). The third look-up table is used when two PS call requests collide on RACH or on HPRACH (see Figure 3). The look-up tables have been obtained from the link level simulations.
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Figure 1. The 'FER vs Power Ratio' look-up table that is used when two CS call requests collide on RACH.
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Figure 2. The 'FER vs Power Ratio' look-up table that is used when a CS call request collides with a PS call request on RACH.
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Figure 3. The 'FER vs Power Ratio' look-up table that is used when two PS call requests collide on RACH or HPRACH.

2.2 Simulation setup
The following simulation setup has been used:

· One cell.

· EGPRS service type.
· 8 PDCHs when extCCCH is disabled.

· 7 PDCHs when extCCCH is enabled.
· TU3 no FH.

· PS multislot class = 12.

· TBF delay time = 2 s.

· non-DRX time = 8 s.

· CS call request rate on CCCH: λ = 5 calls/s as per [TR43.802, see Ref. 2 and the references therein].

· CS paging rate on CCCH: λ = 16.7 pages/s (derived from typical network loads).

· IM session rate per cell: λ = 0.06 – 0.6 sessions/s. With the λ value of 0.6 sessions/s, the DL PDCH channels get congested so that there are on the average 8.3 DL TBFs per timeslot. 
· HPRACH block frequency on HPCH = 3, 6 or 9 HPRACH blocks per multiframe (multiframe being 240 ms).

· Portion of HPCH capable mobiles = 25, 50, 75, 100 %. 

· Portion of IPA capable mobiles = 25, 50, 75, 100 %. 

· TSTOP = 360 000 s (= time covered by the simulation)
3. SIMULATION RESULTS
3.1 Performance metrics
The following key performance indicators have been measured in the simulations:

· MO message transmission delay = time difference between the events

· HPCH/IPA capable MS generates an IM message to be sent to network. 

· Network receives successfully the IM message sent by HPCH/IPA capable MS. 

The MO message transmission delay includes the access delay, if UL TBF establishment is needed, and the time it takes to transmit the data from the MS to the network.

· AGCH channel utilization = ratio between 
· Number of assignment messages sent on the AGCH blocks of CCCH channel(s). 

· Number of AGCH blocks available on CCCH channel(s). 
The AGCH channel utilization is calculated once per every multiframe (240 ms) and a histogram is created out of the results. The average AGCH channel utilization is the average value determined from the histogram. In CCCH configuration there are 6 AGCH blocks per multiframe, and in extCCCH configuration there are 12 AGCH blocks per multiframe in total.
· Net LLC throughput in UL = amount of LLC data transmitted in a cell over a simulation in the uplink [as per TR43.802, see Ref. 2].
· Net LLC throughput in DL = amount of LLC data transmitted in a cell over a simulation in the downlink [as per TR43.802, see Ref. 2].
3.2 MO message transmission delay
The MO message transmission delay experienced by HPCH/IPA capable mobiles was measured in the simulations for the following configurations: 

· CCCH configuration (one channel reserved for CCCH, HPCH is disabled and IPA is disabled)

· extCCCH configuration (two channels reserved for CCCH, HPCH is disabled and IPA is disabled)

· HPCH configurations (HPCH is enabled with 3, 6 or 9 HPRACH blocks while IPA is disabled).

· IPA configurations (IPA is enabled with ‘IPA wait time’ of 100, 200 or 400 ms while HPCH is disabled). 
Figure 4 presents the MO message transmission delay as a function of PS lambda for different configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 4 that the introduction of HPCH increases the MO message transmission delay of HPCH capable mobiles slightly, by about 10 – 30 ms with low PS traffic loads and by about 40 – 120 ms with high PS traffic loads, whereas the introduction of IPA increases the MO message transmission delay of IPA capable mobiles clearly, by about 90 – 280 ms with low PS traffic loads and by about 70 – 180 ms with high PS traffic loads, depending strongly on the value of the ‘IPA wait time’. The extCCCH configuration gives about 10 ms smaller MO message transmission delay than the CCCH configuration.
The HPCH with 3 HPRACH blocks gives about 30 – 50 ms higher MO message transmission delay than the CCCH configuration. This is due to the fact that the HPCH capable mobiles have to wait for the next HPRACH block on HPCH by 0 – 80 ms when there are only 3 HPRACH blocks per multiframe on HPCH. The HPCH with 9 HPRACH blocks gives about the same MO message transmission delay as the CCCH configuration with low PS traffic load values, but with high PS traffic load values the performance of this HPCH configuration is not as good as the performance of the CCCH configuration. This is due to the fact that the static reservation of 9 HPRACH blocks reduces the UL capacity of the system which increases the transmission delay somewhat with high PS traffic loads. The HPCH with 6 HPRACH blocks seems to give a fairly good performance both with low and high PS traffic load levels giving only 20 – 40 ms higher delay than the CCCH configuration.
Figures 5, 6 and 7 show the respective results when the penetration of the HPCH/IPA mobiles is 50, 75 and 100 %, respectively. It can be seen that as the penetration is increased, the MO message transmission delay of HPCH capable mobiles remains roughly at the same level, whereas the MO message transmission delay of IPA capable mobiles is decreased as it becomes more probable that two assignments can be packed into one IPA message. However, the HPCH configuration with 6 HPRACH blocks gives always lower MO message transmission delay than any of the IPA configurations.

3.3 AGCH channel utilization
The AGCH channel utilization was also measured for all the configurations.

Figure 8 shows the AGCH channel utilization as a function of PS lambda for different HPCH and IPA configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 8 that the introduction of HPCH reduces the AGCH load of CCCH by about 4 – 13 % whereas the introduction of IPA reduces the AGCH load of CCCH only by about 0 – 4 %. The HPCH concept is able to reduce the AGCH channel utilization much more than the IPA concept because when HPCH is supported, all the HPCH capable mobiles use HPCH for UL TBF establishment instead of CCCH, whereas in the IPA concept many of the TBF assignments for IPA capable mobiles have to be sent un-packed and even when packing can be done, the IPA message still consumes one AGCH block from CCCH. The extCCCH configuration reduces the AGCH channel utilization by about 53 – 57 %. The reduction is more than 50 % because in CCCH configuration it may happen that MS re-sends the Channel Request before it receives the assignment to the previous request. This results in two Channel Requests and two assignments. In extCCCH configuration this scenario is much less likely as there is two times more AGCH capacity for the same traffic load.
Figures 9, 10 and 11 show the respective results when the penetration of the HPCH/IPA mobiles is 50, 75 and 100 %, respectively. It can be seen that as the penetration is increased, the AGCH channel utilization is reduced considerably against the CCCH configuration with both concepts. Still, the HPCH concept brings much higher gain in the AGCH channel utilization than the IPA concept and thus gives significantly lower channel congestion on CCCH in case of high PS data loads. In figure 11 where the penetration of HPCH/IPA mobiles is 100 % the HPCH concept gives nearly as low AGCH channel utilization as the extCCCH configuration. 
3.4 Net LLC throughput in UL
Figure 12 shows the Net LLC throughput in UL as a function of PS lambda for different HPCH and IPA configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 12 that the Net LLC throughput in UL is about the same for all configurations except for the extCCCH configuration which gives slightly lower throughput with high PS traffic loads (up to about 4 % compared to the other configurations). The fact that extCCCH configuration gives lower Net LLC throughput in UL than the other configurations is due to the simulation assumption that there is one PDCH less for PS traffic when one additional timeslot is reserved for CCCH usage.
The fact that HPCH does not seem to reduce the Net LLC throughput in UL is due to the fact that in the simulation model the DL PDCH channels are more congested than the UL PDCH channels and hence the UL capacity of the system is not the bottleneck. The fact that DL direction is more congested is due to the fact that the IM traffic model [TR43.802, see Ref. 2] generates more data in DL direction than in UL direction and because the channel allocation algorithm in the model gives a 4 DL + 1 UL type of allocation to the MS more likely than a 1 DL + 4 UL type of allocation.

Figures 13, 14 and 15 show the respective results when the penetration of the HPCH/IPA mobiles is 50, 75 and 100 %, respectively. It can be seen that there is no big difference in the results even if the penetration of the HPCH/IPA mobiles is increased.

3.5 Net LLC throughput in DL
Figure 16 shows the Net LLC throughput in DL as a function of PS lambda for different HPCH and IPA configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 16 that the Net LLC throughput in DL is about the same for all configurations except for the extCCCH configuration which gives clearly lower throughput with high PS traffic loads (up to about 8 % compared to the other configurations). The fact that extCCCH configuration gives lower Net LLC throughput in DL than the other configurations is due to the simulation assumption that there is one PDCH less for PS traffic when one additional timeslot is reserved for CCCH usage.

The fact that HPCH does not reduce the Net LLC throughput in DL is due to the fact that HPCH does not have a fixed resource reservation in DL direction. Only the Packet Uplink Assignment messages that are sent on HPCH as a response to the received (EGPRS) Packet Channel Request messages consume radio blocks in DL direction but their impact to the Net LLC throughput in DL seems to be negligible.

Figures 17, 18 and 19 show the respective results when the penetration of the HPCH/IPA mobiles is 50, 75 and 100 %, respectively. It can be seen that there is no big difference in the results even if the penetration of the HPCH/IPA mobiles is increased.
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Figure 4. MO message transmission delay with different configurations when the HPCH/IPA penetration is 25 %. 
[image: image5.wmf]
Figure 6. MO message transmission delay with different configurations when the HPCH/IPA penetration is 75 %.
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Figure 5. MO message transmission delay with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 7. MO message transmission delay with different configurations when the HPCH/IPA penetration is 100 %.
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Figure 8. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 25 %. 
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Figure 10. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 75 %.
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Figure 9. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 11. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 100 %.
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Figure 12. Net LLC throughput in UL with different configurations when the HPCH/IPA penetration is 25 %. 
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Figure 14. Net LLC throughput in UL with different configurations when the HPCH/IPA penetration is 75 %.
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Figure 13. Net LLC throughput in UL with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 15. Net LLC throughput in UL with different configurations when the HPCH/IPA penetration is 100 %.
[image: image16.wmf]
Figure 16. Net LLC throughput in DL with different configurations when the HPCH/IPA penetration is 25 %. 
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Figure 18. Net LLC throughput in DL with different configurations when the HPCH/IPA penetration is 75 %.
[image: image18.wmf]
Figure 17. Net LLC throughput in DL with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 19. Net LLC throughput in DL with different configurations when the HPCH/IPA penetration is 100 %.
4. Conclusions
In this simulation study the performance of the HPCH concept has been compared with the performance of the IPA concept. The key findings from this simulation study are:

· The HPCH concept brings much higher gain in the AGCH channel utilization than the IPA concept and thus is deemed to lead to significant lower channel congestion on CCCH in case of high PS data loads. In addition the gain steadily increases along the penetration rate of HPCH/IPA capable mobiles. When the penetration of HPCH mobiles is 100 %, the HPCH concept gives nearly as low AGCH channel utilization as the extCCCH configuration.
· The HPCH with 6 HPRACH blocks gives a fairly good performance both with low and high PS traffic load levels giving lower MO message transmission delay than any of the IPA configurations in all simulated conditions, and only 20 – 40 ms higher delay than the CCCH configuration. 
· The extCCCH configuration gives clearly lower Net LLC throughput with high PS traffic loads. A reduction of up to about 4 % is observed for UL and of up to about 8 % for DL compared to the other configurations. This is  due to the simulation assumption that there is one PDCH less for PS traffic in case of the extCCCH configuration.
According to these simulations the HPCH channel provides an attractive and fairly simple, while flexible solution to increase the signaling capacity of (E)GPRS network without compromising the capacity for packet data traffic channels.  
REFERENCEs

[1] GP-121281 – ‘Performance Comparison between HPCH and IPA’, source: Nokia Siemens Networks, discussion paper to GERAN#56.
[2] GP-121100 – ‘TR43.802 - GERAN Study on Mobile Data Applications’, v0.3.8.










































































































































	3GPP TSG GERAN#57
	GP-130190
	1 / 11



