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between HPCH and IPA 
1. Introduction

The Hybrid Packet Channel (HPCH) that has been presented in [GP-110766, see Ref. 1] and in [GP-111237, see Ref. 2] provides a method to increase the signaling capacity of the (E)GPRS network. The idea in the HPCH concept is that there is one PDCH (or even several PDCHs) in the cell that reserves one USF value for RACH purposes. The HPCH capable mobiles can use the RACH blocks of the HPCH for accessing purposes and the network can respond to the received packet channel requests by sending assignments on HPCH in the same way as PACCH blocks are sent, i.e. without reserving a fixed amount of access grant blocks in the DL direction. The amount of RACH-USFs scheduled on HPCH can be (dynamically) controlled by the network.

The Immediate Packet Assignment (IPA) concept [GP-120793, see Ref. 3] and [GP-120801, see Ref. 4] has been included in the Rel-11 GERAN specifications. With this concept it is possible to assign packet uplink or packet downlink resources for up to two mobile stations with one Immediate Packet Assignment message [GP-120979, see Ref. 6] and [GP-120980, see Ref. 7]. This reduces the amount of assignment messages sent on the CCCH and hence improves the signaling capacity of the (E)GPRS network.

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 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 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 the HPCH/IPA capable mobiles is low or medium or when the PS traffic load in the cell is low or medium, the HPCH concept provides significantly lower MO message transmission delay than the IPA concept (note: the access delay is included in the transmission delay metrics), otherwise, i.e. for high penetration of HPCH/IPA capable users or high PS traffic load performance related to transmission delay is generally better for HPCH than for IPA, if best parameter settings are compared.

2. MODEL description

2.1 Simulation model
A GPRS/EGPRS protocol level simulator has been used in this study. It is a one-cell simulator that contains a detailed modelling for the GPRS/EGPRS data transfer protocols including MAC, RLC, LLC and SNDCP.

2.2 Radio layer modeling
The radio layer modelling is the same as described in [GP-120949, see Ref. 5]. 

2.3 CCCH modelling
In the simulator the CCCH has been modelled with the block structure of PDCH. Hence, there are 4 x 12 = 48 RACH slots available in UL direction per 52-multiframe (240 ms). This gives a slight modelling error but it is considered as non-meaningful. In DL direction there are 

· 6 AGCH blocks per 52-multiframe (240 ms) reserved for non-DRX type of assignment messages.

· 3 PCH/AGCH blocks per 52-multiframe (240 ms) available for DRX type of assignment messages (i.e. DL TBF assignment sent to MS that is in DRX mode) and paging messages. A non-DRX type of assignment message can be sent on PCH/AGCH block only if there are no DRX type of assignments nor paging messages for transmission. 

· 2 blocks per 52-multiframe (240 ms) reserved for system information messages.

· 1 barred radio block per 52-multiframe (240 ms) representing resource for FCH, SCH and idle frame transmission.

2.4 HPCH modelling
The HPCH capable mobiles use HPCH for access when it is available. The availability of HPCH is indicated in the specific system information messages. HPCH has been modelled so that one of the PS dedicated PDCHs, marked as HPCH, reserves one USF for RACH purposes and schedules the RACH-USF with a given frequency so that the HPCH capable mobiles can send their Packet Channel Request messages on the reserved RACH blocks (using randomly one of the four corresponding slots). 

The RACH block frequency on HPCH that was used in the simulations is given in section 2.8. 

2.5 IPA modelling
It has been assumed that two UL TBF assignments or two DL TBF assignments can be packed into one IPA message. 

In the model the packing in UL direction has been done so that when there is a UL TBF assignment to be sent for an IPA capable MS but there is no pair assignment (i.e. other UL TBF assignment for some other IPA capable MS) available yet, then the UL TBF assignment is buffered in order to wait for the pair. The buffering time is controlled with a parameter ‘IPA wait time’. If no pair is received within the ‘IPA wait time’, then the buffered UL TBF assignment is sent to the MS within a normal Immediate Assignment message. However, if some other IPA capable MS requests UL TBF while there is a UL TBF assignment buffered, then the network allocates (if possible) the new UL TBF to the same timeslot that was selected for the buffered UL TBF assignment. Then the network packs both UL TBF assignments to one IPA message which is sent to the IPA mobiles without further buffering. 

The packing in the DL direction has been done correspondingly except that only non-DRX type of DL TBF assignments are buffered or packed to IPA messages. DRX type of DL TBF assignment messages are not packed because the addressed mobiles may belong to different paging groups.  

2.6 Access failures
If a mobile requesting a packet channel receives no assignment after sending M + 1 channel requests, the mobile returns to packet idle mode (after T3170 expiry). In the model it has been assumed that the PDUs in the mobile’s buffer are then discarded. 

Or in the case that a UL TBF request is rejected by the network, then the mobile that receives the packet channel reject starts the timer T3170 as specified in 44.060. Once the timer T3170 expires, the mobile returns to packet idle mode. Also in this case it is assumed that the PDUs in the mobile’s buffer are discarded.

Respectively, a DL TBF establishment may fail if the assignment message does not reach the mobile (despite retransmissions) or if there are no PDCH resources for the DL TBF. In these cases BSC discards the DL LLC PDUs that have been buffered for the MS. 

Also if the DL PDU’s life time (30 s in the simulations) expires before the network is able to start the transmission for that PDU, then the PDU is discarded.
2.7 Traffic modelling
The IM traffic model specified in [TR43.802, see Ref. 8] has been used to generate PS traffic in this simulation study. The IM sessions are generated according to a Poisson process (λ given in section 2.8).

In addition, CS calls and CS paging requests were generated according to separate Poisson processes in order to cause signaling load on CCCH (λ given in section 2.8).

2.8 Simulation setup
The following simulation setup has been used:

· One cell.

· EGPRS service type.
· 8 PDCHs.
· 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. 8 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 8.1 DL TBFs per timeslot. 
· RACH block frequency on HPCH = 3, 6 or 9 RACH 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. 

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

· Number of AGCH blocks available on CCCH. 
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: 

· legacy configuration (HPCH is disabled and IPA is disabled)

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

· IPA configurations (IPA is enabled with ‘IPA wait time’ of 100, 300 or 500 ms while HPCH is disabled). These figures were chosen because a value less than 100 ms makes it rather unlikely that two TBF assignments can be packed into one message and a value larger than 500 ms is unsuitable because then the MS may re-transmit the Channel Request message while the original TBF assignment is still buffered. 
Figure 1 presents the MO message transmission delay as a function of PS lamda for different configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 1 that the introduction of HPCH increases the MO message transmission delay of HPCH capable mobiles slightly, about 0 – 50 ms, whereas the introduction of IPA increases the MO message transmission delay of IPA capable mobiles clearly, by about 80 – 300 ms, depending strongly on the value of the ‘IPA wait time’. 
The HPCH with 3 RACH blocks gives about 30 – 50 ms higher MO message transmission delay than the legacy configuration. This is due to the fact that the HPCH capable mobiles have to wait for the next RACH on HPCH slightly longer than the non-HPCH capable mobiles on CCCH when there are only 3 RACH blocks per multiframe on HPCH. The HPCH with 9 RACH blocks gives about the same MO message transmission delay as the legacy configuration with low PS traffic load values, but for high PS traffic load the performance of this HPCH configuration is not as good as the performance of the legacy configuration. This is probably due to the fact that the static reservation of 9 RACH blocks reduces the UL capacity of one PDCH which increases the transmission delay somewhat on high PS traffic loads. The HPCH with 6 RACH blocks seems to give a fairly good performance both on low and high PS traffic load levels.
Figures 2, 3 and 4 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 is kept at the same level (exceptionally increased in case of 3 RACH blocks for high PS traffic load, which indicates the fact that the number of RACH blocks is insufficient in this case) and the MO message transmission delay of IPA capable mobiles is decreased, but is never below the delay achieved with HPCH and an optimized RACH block setting. When the penetration of the HPCH/IPA capable mobiles is 100 %, the HPCH with 6 RACH blocks provides about the same performance as the IPA configuration with 100 ms ‘IPA wait time’. However, on low PS traffic loads the HPCH configurations still provide lower MO message transmission delay than the IPA configurations in the order of 100 ms or more.

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

Figure 5 shows the AGCH channel utilization as a function of PS lamda for different HPCH and IPA configurations when the penetration of the HPCH/IPA capable mobiles is 25 %. It can be seen from Figure 5 that the introduction of HPCH reduces the AGCH load by about 4 – 10 % whereas the introduction of IPA reduces the AGCH load only by about 1 – 4 %. The HPCH concept is able to reduce the AGCH channel utilization much more than the IPA concept because when HPCH is enabled, then all the HPCH capable mobiles use HPCH for packet access and not 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.
Figures 6, 7 and 8 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 legacy configuration with both concepts. Still, 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.
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Figure 1. MO message transmission delay with different configurations when the HPCH/IPA penetration is 25 %. 
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Figure 3. MO message transmission delay with different configurations when the HPCH/IPA penetration is 75 %.
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Figure 2. MO message transmission delay with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 4. MO message transmission delay with different configurations when the HPCH/IPA penetration is 100 %.
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Figure 5. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 25 %. 
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Figure 7. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 75 %.
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Figure 6. AGCH channel utilization with different configurations when the HPCH/IPA penetration is 50 %.
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Figure 8. AGCH channel utilization 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 the HPCH/IPA capable mobiles is low or medium or when the PS traffic load in the cell is low or medium, the HPCH concept provides significant lower MO message transmission delay than the IPA concept (note: the access delay is included in the transmission delay metrics), otherwise, i.e. for high penetration of HPCH/IPA capable users or high PS traffic load performance related to transmission delay is generally better for HPCH than for IPA, if best parameter settings are compared.

According to these simulations the HPCH channel provides an attractive and fairly simple solution to increase the signaling capacity of the (E)GPRS network.  
REFERENCEs

[1] GP-110766 – ‘Enhancements to Hybrid Packet Channel’, source: Nokia Siemens Networks, discussion paper to GERAN#50.
[2] GP-111237– ‘Performance Evaluation for Hybrid Packet Channel’, source: Nokia Siemens Networks, discussion paper to GERAN#51.
[3] GP-120793 – 44.060 CR: ‘Support indication of Immediate Packet Assignment in EGPRS Packet Channel Request’, source: Huawei Technologies Co., Ltd., Qualcomm Incorporated, China Mobile Com. Corporation.

[4] GP-120801 – 44.018 CR: ‘Introduction of Immediate Packet Assignment’, source: Huawei Technologies Co., Ltd., Qualcomm Incorporated, China Mobile Com. Corporation.
[5] GP-120494 - ‘Hybrid Packet Channel Simulation Study’, source: Nokia Siemens Networks, discussion paper to GERAN#55.
[6] GP-120979 – ‘IPA Analysis for Uplink Assignments’, source: Ericsson, discussion paper in GERAN#55.
[7] GP-120980 – ‘IPA Analysis for Downlink Assignments’, source: Ericsson, discussion paper in GERAN#55.
[8] GP-121100 – ‘TR43.802 - GERAN Study on Mobile Data Applications’, v0.3.8.










































































































































	3GPP TSG GERAN#56
	GP-121281
	1 / 8



