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Performance Evaluation for

Hybrid Packet Channel
1. Introduction

The concept of hybrid packet channel for overload and congestion control in presence of MTC devices and more generally in presence of low access priority devices was contributed to GERAN#49 [1] and was enhanced at GERAN#50 [2]. This contribution depicts performance evaluations carried out for different scenarios in alignment with [3]. In section 2 simulation assumptions are summarized. Section 3 provides simulation results for different scenarios and section 4 contains the conclusion.

2. SIMULATION ASSUMPTIONS
A protocol level simulator is used for the performance evaluation of the Hybrid Packet Channel (HPCH). This models RLC/MAC and higher layers behaviour in a single cell environment. Two traffic scenarios are evaluated: 

· S1: MTC traffic only and
· S2: mixed voice / MTC traffic. 

Two types of MTC applications have been assumed:

· A1: The MTC application does not require an acknowledgement on application layer from the MTC server (no MTC reply required).

· A2: The MTC application requires an acknowledgement on application layer from the MTC server (MTC reply required). 

Three channel configurations are compared against each other:

· C1: 1 CCCH timeslot and N PDCH timeslots, 
· C2: Extended CCCH with 2 CCCH timeslots and N-1 PDCH timeslots and  

· C3: 1 CCCH timeslot and 1 timeslot for the Hybrid Packet Channel (HPCH) and  N-1 PDCH timeslots. 
In case of the mixed traffic scenario S2, M CS voice channels are allocated in addition. In all cases the legacy channel access procedure for UL has been assumed.

Simulation Assumptions are summarized in Table 1. 

	Parameter
	Value

	Cell configuration
	single cell

	Service type
	EGPRS

	BCCH type
	Non-combined

	Number of CCCH timeslots
	1 
in case HPCH is active

1 or 2 
in case HPCH is inactive

	CCCH assumptions
	Tx-integer=20, S=109, M=4

	AGCH blocks per BCCH multiframe
	6 (PCH can be used for assignments)

	#Carriers / cell
	Scenario A:  2

Scenario B:  3 
Scenario C: 16

	Channels for CS allocation
	Scenario A: 0 

Scenario B: 0

Scenario C: 106

	Channels for PS allocation
	Scenario A: 12 (11 when HPCH used)

Scenario B: 20 (19 when HPCH / Ext.CCCH used)

Scenario C: 20 (19 when HPCH / Ext.CCCH used)

	Radio condition
	C/I=20 dB as average, including TU3 channel non-hopping profile and slow fading
Collision on UL: A collision is assumed if two or more channel requests happen at the same time.

	Link adaptation
	enabled, BEP based

	Traffic mix
	Scenario A and B: MTC application only, 

Scenario C: mixed voice / MTC application 

	Traffic model for cellular phones
	Scenario C: Poisson arrival process

	Call blocking rate (voice)
	< 2 %

	MTC device type
	multislot class 1, 8-PSK capable

	Traffic model for MTC devices
	Poisson arrival process with mean arrival rate 20…40 1/s. T1 scenario.

	Report size for MTC application
	equal mix of 10, 200, 1000 Byte used for all simulations


	MTC Reply from MTC server
	Scenario A: yes 

Scenario B: no
Scenario C: yes 

	MTC Application RTT 
	200 ms (including RLC RTT)

	Report ACK size 
	10 Byte

	Reservation of radio blocks for predefined USF
	Scenario A: 8

Scenario B: 11

Scenario C: 12 per 240ms


              Table 1: Simulation assumptions for performance evaluation of HPCH.

The investigated metrics are 

· M1: Access delay from MTC mobile arrival to assignment
· M2: Payload transfer delay from assignment to arrival of MTC report at network
· M3: MTC report delay from MTC mobile arrival to arrival of MTC report at network (composite of M1 and M2)

· M4: CS voice blocking rate.
3. SIMULATION RESULTS

In this section simulation results for 3 different evaluation scenarios are presented. 

· Scenario A: MTC traffic only. Comparison of channel combinations C1 and C3 (CCCH and HPCH).
· Scenario B: MTC traffic only. Comparison of channel combinations C1, C2  and C3 (CCCH, Extended CCCH and HPCH).
· Scenario C: Mixed MTC and CS Voice traffic. Comparison of channel combinations C1, C2  and C3 (CCCH, Extended CCCH and HPCH).
3.1 Scenario A
Simulation results for arrival rates of 30 and 40 arrivals per second are presented. On Hybrid Packet Channel 8 pre-defined USF’s are scheduled per 240 ms, the remaining 4 blocks are used for transferring data over PDTCH. 12 PDCH’s have been configured for 2 carriers in the cell (11 PDCH’s for HPCH). Results for the above access delay metric M1 are depicted in Table 2 and the cumulative access delay distribution is shown in Figure 3.

	Arrivals
	Channel
	MTC
	Access
	
	Delay
	

	per sec.
	Configuration
	Reply
	Success
	50 %
	95 %
	99 %

	30
	CCCH
	yes
	0.998
	0.180
	1.520
	2.312

	30
	HPCH
	yes
	0.995
	0.215
	2.034
	3.002

	40
	CCCH
	yes
	0.721
	1.451
	3.380
	3.827

	40
	HPCH
	yes
	0.975
	0.288
	2.922
	3.838


                                   Table 2: Access Delay (M1).

With the used simulation model for channel configuration C1, the assignments on AGCH start to be dropped due to the buffer overflow in BTS when the average arrival rate is about 30 arrivals per second. For TBF assignments capacity of AGCH and PCH blocks is used. Comparing results for the access success rate, it is obvious that higher capacity can be achieved for the HPCH compared against CCCH. In the simulation model the MTC application reply message from the MTC server is sent on downlink TBF being established via PACCH of the uplink TBF.
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Figure 3: Cumulative Access Delay Distribution (M1).
Results for the payload transfer delay metric M2 are depicted in Table 3 and the cumulative payload transfer delay distribution is shown in Figure 4.
	Arrivals 
	Channel
	 MTC   
	 UL TBF   
	       
	 Delay 
	      

	per sec. 
	Configuration
	 Reply 
	 Blocking 
	 50 %
	 95 %
	 99 %

	30
	 CCCH     
	 yes   
	 0.000    
	 0.232 
	 0.874 
	 1.057

	30
	 HPCH 
	 yes   
	 0.000    
	 0.252 
	 0.954 
	 1.196

	40
	 CCCH     
	 yes   
	 0.431    
	 0.252 
	 1.294 
	 1.599

	40
	 HPCH 
	 yes   
	 0.000    
	 0.314 
	 1.254 
	 1.575


                          Table 3: Payload Transfer Delay (M2). 
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Figure 4: Cumulative Transfer Delay Distribution (M2).
Results for the MTC report delay metric M3 are depicted in Table 4 and the cumulative transfer delay distribution is shown in Figure 5.

	Arrivals 
	Channel
	 MTC   
	 MTC     
	       
	 Delay 
	      

	per sec. 
	Configuration
	 Reply 
	 Success 
	 50 %
	 95 %
	 99 %

	30
	 CCCH     
	 yes   
	 0.998   
	 0.571 
	 1.866 
	 2.758

	30
	 HPCH 
	 yes   
	 0.995   
	 0.738 
	 2.548 
	 3.778

	40
	 CCCH     
	 yes   
	 0.721   
	 1.848 
	 3.871 
	 4.570

	40
	 HPCH 
	 yes   
	 0.975   
	 1.188 
	 3.400 
	 4.393


                          Table 4: Report Delay (M3). 
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Figure 5: Cumulative Report Delay Distribution (M3).
In general the 12 PDCH’s start slightly limiting the access success at the arrival rate of 40. The phenomenon that happens on CCCH with the arrival rate of 40 is that mobile stations send new channel requests while waiting for assignments. This is due to long buffer in BTS, and even buffer overflows, leading into a situation where two or more USF’s are reserved for one mobile station. This means that USF’s are wasted and there are no more unused USF’s available for other mobile stations. The amount of channel requests per granted access with this arrival rate is 4.0 on CCCH, while it is only 1.8 on Hybrid Packet Channel. Note, in the simulation model a collision happens when two or more channel requests happen at the same time, so the probability of collisions on CCCH is remarkably decreased by HPCH. 

3.2 Scenario B
In this scenario MTC report sending in the uplink direction is applied without any MTC application reply in the downlink direction, hence no downlink TBF needs to be established for MTC application acknowledgement. Three carriers are allocated for the cell and 20 PDCHs are utilised so that the amount of PDCHs is not limiting the access success so heavily. On Hybrid Packet Channel 11 pre-defined USFs are scheduled per 240 ms and one block is used for PDTCH. Results for the above access delay metric M1 are depicted in Table 5.
	Arrivals 
	Channel
	 MTC   
	 Access   
	       
	 Delay 
	      

	per sec. 
	Configuration
	 Reply 
	 Success  
	 50 %
	 95 %
	 99 %

	30
	CCCH      
	 no      
	 0.978    
	 0.218 
	 2.461 
	 3.682

	30
	Extended CCCH   
	 no      
	 0.999    
	 0.130 
	 0.725 
	 1.002

	30
	HPCH 
	 no      
	 0.999    
	 0.200 
	 0.924 
	 2.041

	40
	CCCH      
	 no      
	 0.760    
	 1.779 
	 3.846 
	 4.096

	40
	Extended CCCH   
	 no      
	 0.999    
	 0.133 
	 0.802 
	 1.478

	40
	HPCH
	 no      
	 0.997    
	 0.227 
	 1.526 
	 2.225


                          Table 5: Access Delay (M1).

Results for the above payload transfer delay metric M2 are depicted in Table 6.
	Arrivals 
	Channel
	 MTC   
	 UL TBF   
	       
	 Delay 
	      

	per sec. 
	Configuration
	 Reply 
	 Blocking 
	 50 %
	 95 %
	 99 %

	30
	CCCH      
	 no      
	 0.138    
	 0.192 
	 0.794 
	 1.234

	30
	Extended CCCH   
	 no      
	 0.000    
	 0.192 
	 0.675 
	 0.794

	30
	HPCH 
	 no      
	 0.000    
	 0.212 
	 0.696 
	 0.834

	40
	CCCH      
	 no      
	 0.425    
	 0.232 
	 1.136 
	 1.395

	40
	Extended CCCH   
	 no      
	 0.000    
	 0.194 
	 0.714 
	 0.854

	40
	HPCH
	 no      
	 0.000    
	 0.213 
	 0.774 
	 0.895


Table 6: Payload Transfer Delay (M2).
Results for the above report delay metric M3 are depicted in Table 7.

	Arrivals 
	Channel
	 MTC   
	 MTC     
	       
	 Delay 
	      

	per sec. 
	Configuration
	 Reply 
	 Success 
	 50 %
	 95 %
	 99 %

	30
	CCCH      
	 no      
	 0.978   
	 0.764 
	 2.940 
	 4.087

	30
	Extended CCCH   
	 no      
	 0.999    
	 0.328 
	 0.929 
	 1.528

	30
	HPCH 
	 no      
	 0.999    
	 0.440 
	 1.581 
	 2.272

	40
	CCCH      
	 no      
	 0.759    
	 2.353 
	 4.262 
	 4.872

	40
	Extended CCCH   
	 no      
	 0.999    
	 0.347 
	 1.074 
	 1.770

	40
	HPCH
	 no      
	 0.997    
	 0.591 
	 1.796 
	 2.706


Table 7: Report Delay (M3).

It is noted that in case of HPCH no access requests are allowed on CCCH for MTC devices, whereas the entire CCCH capacity is used for the other channel configurations C1 and C2. Whilst the AGCH like capacity of HPCH is somewhat sufficient, the RACH like capacity of HPCH identifies the limitation in this case. With the rate of 40 arrivals per second the amounts of channel requests per granted accesses are the following: CCCH = 4.9, Extended CCCH = 1.1, HPCH = 1.4. Note in the simulation model a collision happens when two or more channel requests happen at the same time.

3.3 Scenario C
In this scenario 16 carriers have been allocated in the cell, with 106 timeslots allocated to CS voice and 20 PDCHs/19 PDCHs allocated for MTC traffic in order to evaluate the impact of a high MTC arrival rate on CCCH to CS voice calls. In the simulation results CS voice blocking and carried CS traffic levels are depicted in Table 8. The CS voice traffic load has been adjusted in that way that the blocking remains below 2% for a low arrival rate related to MTC devices in the network. On HPCH 12 pre-defined USFs (maximum) are scheduled per 240 ms. In this scenario MTC arrival rates of 20 to 30 are shown.
	Arrivals
	Channel
	MTC
	Collision on
	CS voice 
	Carried

	per sec.
	Configuration
	Reply
	CCCH [%]
	blocking [%]
	CS Traffic [Erl]

	20
	 CCCH      
	 yes   
	23.5
	1.4
	92.8

	20
	 ExtCCCH   
	 yes   
	6.0
	1.0
	93.1

	20
	 HPCH 
	 yes   
	3.7
	0.9
	93.1

	25
	 CCCH      
	 yes   
	48.3
	24.2
	82.7

	25
	 ExtCCCH   
	 yes   
	7.5
	0.9
	93.0

	25
	 HPCH
	 yes   
	3.7
	0.9
	93.1

	30
	 CCCH      
	 yes   
	57.0
	39.0
	74.4

	30
	 ExtCCCH   
	 yes   
	9.1
	0.9
	92.9

	30
	 HPCH
	 yes   
	3.7
	1.0
	93.2


                Table 8: Impact on CCCH collision and CS voice blocking.
When CCCH is loaded by MTC traffic CS voice calls are remarkably impacted. In all cases the collision rate on CCCH, see assumptions in Table 1, remains the lowest for HPCH compared against Extended CCCH and CCCH. It is also noted that the CS voice blocking is remarkably improved for Extended CCCH and HPCH versus CCCH, due to the fact that the channel request is remarkably more successful. In this case the voice channel capacity represents the limitation due to the high simulated CS traffic load impacting the CS voice blocking. Thus the full benefit of HPCH against Extended CCCH cannot be shown for this scenario.  
4. CONCLUsion

The concept of Hybrid Packet Channel contributed to GERAN [1][2] has been evaluated based on 3 scenarios. For MTC traffic scenarios, based on T1 scenario, remarkable gains for the access success rate and the access delay have been evaluated against CCCH based on the legacy access procedure. Evaluations against the Extended CCCH have proven that the performance of HPCH is roughly similar to that for Extended CCCH in terms of access success rate and access delay given that for HPCH no CCCH capacity is used for access traffic of MTC devices. In the scenario of mixed voice and MTC traffic clear performance benefits in regard to lower access collision rate on CCCH have been evaluated for HPCH against Extended CCCH. 

Results from further optimization of the Hybrid Packet Channel implementation in the simulator for T1 to T3 scenarios are foreseen to be reported to the next GERAN meeting. The sourcing company proposes to achieve agreement in GERAN on the benefit of the Hybrid Packet Channel concept for MTC devices and low access priority devices.  
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