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Enhancements to Hybrid Packet Channel
1. Introduction

The concept of the hybrid MTC channel to alleviate the risk of network overload situations due to increased access of MTC devices, resulting in synchronized or unsynchronized access traffic, respectively, was presented to GERAN#48 [1]. As a result of the initial discussion the concept was modified in that the Hybrid Packet Channel was proposed at GERAN#49[2], that foresees two simplifications: 

· The sending of the resource bitmap is not required.

· The MTC device uses the legacy procedures to camp on the BCCH in idle mode. Thus paging of MTC devices in idle mode is performed on the paging channels on the BCCH/CCCH timeslot, which is also used by MTC devices for reading of broadcast messages. 

In principle, the hybrid packet channel could also be used by other MS such as smart phones to reduce the access load on the CCCH.  Therefore the more general term low access priority device is used for each device supporting the hybrid packet channel. In this contribution the concept of the hybrid packet channel is depicted in more detail and enhancements are described in section 2. Aspects in regard to performance evaluation of the hybrid packet channel are dealt with in section 3, and section 4 contains the conclusion. 

2. Concept description

2.1 Overview
The hybrid packet channel (HPCH) occupies timeslot TN 7 of the BCCH carrier. Timeslot TN 7 is chosen due to the fact that this allows best monitoring of the information sent on the BCCH/CCCH in the adjacent timeslot TN 0 and at the same time reception of this channel by devices with low multislot capabilities.  

The hybrid packet channel belongs to the PS domain and serves for

· channel access (i.e. random access and immediate assignments) and
· packet data transmission in BTTI configuration.

The concept of hybrid packet channel is depicted below in Figure 1. 
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Figure 1: Concept of hybrid packet channel (HPCH) on timeslot 7 of the BCCH carrier. 
As depicted in Figure 1 the hybrid packet channel can be used by different MS types: 

· common control channels in yellow radio blocks can only be used by low access priority devices 

· dedicated packet traffic channels in blue radio blocks can be used either by low access priority devices or by cellular mobiles using BTTI configurations. 

The purpose of the hybrid packet channel is to provide a high capacity for channel access by low access priority devices if the CCCH would otherwise be overloaded and at the same time to dynamically use the remaining capacity on this TN 7 – up to 100 % – for normal packet data traffic with legacy terminals. In order to achieve this combination, the resource on hybrid packet channel flexibly provides a resource for common control channels and resource used for dedicated packet data traffic,
· AGCH, PDTCH and PACCH in case of DL and

· RACH, PDTCH and PACCH in case of UL.

The AGCH in the DL of the HPCH and the RACH in the UL of the HPCH form the hybrid packet common control channel (HPCCH).

The presence of the hybrid packet channel and further channel characteristics are indicated in a specific system information message on the BCCH. Messages on the HPCCH in DL are based on the legacy format of RLC/MAC control messages to ensure backwards compatibility for mobile terminals with packet data connection reading USF for uplink transmission. 
2.2 Multiplexing with PDTCH Users
For proper multiplexing with PDTCH users as depicted above, all messages sent on the HPCCH are assigned a unique, reserved, hence predefined, Temporary Flow Identity (TFI) – e.g. TFI = 0. Thus packet data users will simply ignore the HPCCH message on the DL. Also for USF, one value (e.g. USF = 0) is not assigned to packet data users, but reserved, hence predefined, to allocate a HPCCH in the next radio block period in the UL (B’, B2, B5, B8 and B11 in Figure 1). Thus the low access priority device can access the UL channel in the next radio block period once it has detected the predefined USF number on the DL. Thereafter it listens to HPCCH in DL by evaluating whether the signalled TFI corresponds to the predefined TFI and by checking on the access acknowledgement. The predefined USF number indicates that the corresponding radio block period in the UL can be used for random access of the low access priority devices. They have to send the random access burst randomly in one of the four corresponding timeslots of this radio block period. In response to a random access burst, the network sends an immediate assignment message on the hybrid packet channel just instead of a radio block for a packet user. Legacy MS will ignore the immediate assignments. The format of the immediate assignment is modified, e.g. similar to PACCH (CS-1), to accommodate a USF, a TFI and optionally a PAN.

2.3 Broadcast Implications 
On the BCCH, the network signals the presence of the hybrid packet channel (HPCH) as part of a specific system information message, i.e. as part of the EAB information field in SYSTEM INFORMATION TYPE 21 [3]. It is noted that the inclusion of the EAB information as part of this new System Information message has been agreed as working assumption during the recent GERAN2 MTC Adhoc [4]. Hence this new specific System Information message, introduced for overload and congestion control purposes, is referred to in the following as SI21. As the share of common control and dedicated packet channels is flexible on HPCH, no update of this System Information message, i.e. SI21, is needed to increase/decrease resource allocation for common control channels on HPCH. Hence no time will be spent by cellular mobiles and low access priority devices for tracking updates of SI21, that would otherwise be required in case of activation/deactivation of multiple CCCH. 
For viable network operation it is expected that the operator employs a set of overload/congestion control configurations being broadcasted according to e.g. the actual traffic load level, the access traffic type and based on prediction estimates. It is assumed that the EAB information is optionally included in the SI 21 message. In normal network operation with low level of access traffic the operator may choose not to include EAB information in SI 21 or even omit transmission of SI21. In case of possible network overload the network broadcasts specific channel access information according to the overload situation included in the overload/congestion control configuration. In this case updates of SI21 are needed, however updates of SI21 are not considered to be frequent, as the channel configuration on HPCH can be organized in a flexible manner. 
For example the network broadcasts parameters for an overload/congestion control configuration A in case synchronized traffic from low access priority devices is expected (e.g. due to reporting of smart metering devices) and overload configuration B in case unsynchronized traffic from low access priority devices is expected (e.g. due to high smart phone traffic level). Further configurations (e.g. according to the observed traffic mix) may be added on need basis. 
Parameters sent as part of the overload/congestion control configuration are: 

· presence of the hybrid packet channel,

· its resource allocation in case of multiple HPCH time slots 
· the predefined USF identity for random access on HPCCH
· the predefined TFI identity for detection of immediate assignments on HPCCH 
· indication, if access on legacy CCCH is allowed
· further parameters to balance the load between the CCCH and the HPCH as depicted in section 2.5.  
2.4 Fast Overload Mitigation 

2.4.1 Proposed Procedure 
Fast mitigation of possible overload situations is crucial in case of plenty of low access priority devices accessing the network at the same point in time, e.g. due to simultaneous reporting. To this purpose it is proposed that the low access priority device receives channel access information with low latency. This is achieved by the following procedure applicable to a low access priority device upon it has received a service request from upper control layers and before it sends a channel access attempt:   
· The low access priority device reads the next paging message on CCCH that is sent, using the same CCCH time slot, which its paging group is assigned to. In this paging message, i.e. PAGING REQUEST TYPE 1, 2 or 3 message,  possibly dedicated to another user, it evaluates if channel access related information is contained in P1, P2 and P3 rest octets. The encoding of this information in the P1, P2 and P3 rest octets follows the mechanism proposed in [5]. The channel access related information is only included in the paging messages if the EAB information is currently sent in SI 21 or is going to be sent in SI 21. In this case the low access priority device shall immediately acquire the latest instance of SI21 before sending a channel access attempt on uplink, unless it has already read this EAB information. If no channel access related information is included in the paging messages, the legacy procedures for sending a channel request on CCCH apply.  
· The channel access related information in the paging messages includes following parameters:
· a one bit indicating to the low access priority that it is forced to read or re-read the EAB information in any case, even if it is not yet broadcasted. The use case is explained in the next section. 

· an EAB instance counter that refers to the instance of the EAB field sent in SI21. The EAB instance  counter is incremented with each update of the EAB field. One instance out of a set of possible instances is selected according to the identified overload/congestion control configuration adapting the system behaviour best to the observed traffic load. In case the low access priority device evaluates that it has stored EAB information according to the received instance of the EAB counter, it performs directly an access attempt based on channel access information contained in this EAB information. Else if it evaluates that it has not yet received the EAB information according to the provided instance counter value or stored information has become invalid, it reads the EAB information in SI 21 before a subsequent channel attempt.  

A proposal for coding the channel access information into P1 rest octets is depicted in Table A.1 in the Annex. 

2.4.2 Discussion  
In contrast to the proposal in [5] the additional information in the paging message does not only provide specific but restricted timer values, but a more generic type of overload indication that status information, which is broadcast with higher detail as part of the EAB information within a specific System Information Message, i.e. within the new SI21, agreed at the recent GERAN2 MTC Adhoc. 

The benefits of this fast overload signalling procedure compared against an alternative procedure mandating the reading of a specific System Information message, i.e. SI 21, before sending a channel access request are listed below: 

· The procedure provides lower latency, since the access delay is lower due to the fact that the information is sent in all paging blocks in each BCCH multiframe. This yields a maximum access delay of 148 ms (8 radio BP) and an average access delay of around 58 ms (about 3 radio BP) compared to the System Information 21 message, transmitted with lower frequency such as every 8th … 32nd BCCH multiframe, e.g. 2 … 8 sec [6] Hence the low access priority device can quickly evaluate if an overload situation is present or not without sending access bursts on UL and thus causing increased collisions. 
· A second benefit of this procedure is that the network can react in a faster way, since changes for the channel access details as part of the EAB information can be signalled with lower latency by changing the given indicators in  the P1, P2 and P3 rest octets. Thus in case of a sudden, i.e. unexpected, network overload, if EAB information is not yet sent the network can quickly include the need for monitoring the BCCH by adjusting content in the P1, P2 and P3 rest octets and indicating that new parameters for channel access will be broadcast as part of the EAB information and hence forcing the low access priority devices to wait for this information in the specific System Information message, i.e. SI 21. Thus in this scenario low access priority devices are effectively blocked in the access until this message including new channel access parameters is broadcast. Hence specified access parameters in this message will take into account the actual potential overload by spreading the access attempts in time accordingly and/or shifting the network access load from low access priority devices from the CCCH to the HPCH. 
· A third benefit is that the low access priority device can make use of stored information related to previous received EAB information in a specific System Information message, i.e. SI 21, since the current valid instance of the System Information message is indicated in the paging messages and hence the device does not need to decode the latest instance of the System Information message reducing the access delay of the low access priority device, in case it has previously already acquired this information.
2.5 Traffic Load Balancing between HPCH and CCCH
For balancing the traffic load between HPCH and CCCH for low access priority devices, the network signals on BCCH as part of the EAB information field in addition to the presence of the hybrid packet channel further channel access related parameters: 

· A time interval [MIN_WAIT_TIME; MAX_WAIT_TIME], which is used to generate the pseudo random wait time upon the low access priority device has received the service request from upper layers. The wait time is depicted in Figure 2 and is composed out of a minimum wait time (red arrow) and a random wait time (green arrow). After the wait time is expired the low access priority device starts to monitor  the USF’s on HPCH to perform the channel access (first attempt) depicted in Figure 2 in the lower right part. 

· Different priority levels of low access priority devices, e.g. different sets of wait time or timeout parameters (see bullet below), are defined according to the priority of the device type or application type in use. Thus the network can be configured for different traffic behaviour according to the traffic load and traffic type in the network. This is depicted below in more detail. 
· A timeout parameter to control the access load from low access priority devices on the CCCH. If the hybrid packet channel is present, the low access priority device that want to start a connection has to monitor the USF on the hybrid packet channel for the time interval corresponding to the signalled timeout, started when its determined wait time expires. As soon as the predefined USF number is received, it sends a random access burst in one of the four corresponding UL slots. If the predefined USF number is not received within the signalled timeout, the device sends a random access burst on the RACH. Thus the rate of the predefined USF number on the hybrid packet channel flexibly controls how the access load from low access priority devices is distributed between the CCCH and the hybrid packet channel. This is depicted in Figure 2, where the timeout is shown for the Priority 1 device. The device is configured such that the transmission rate of the predefined USF rate on HPCH is too low and hence it changes back to CCCH for the access attempt, whilst a lower Priority 2 device is configured with longer timeouts, hence more delay tolerable and thus will stay on HPCH for repeated channel access attempts, since the USF rate is sufficient high. 
· Other information like preferred neighbour cells for low access priority devices, which are not affected by a temporary traffic overload. 
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Figure 2: Using priority based parameters for channel access of low access priority devices on hybrid packet channel with inclusion of the timeout parameter for CCCH/HPCH load control.

The BSS adjusts the resource allocation for channel access depending on the actual traffic load due to channel access of low access priority devices. To this purpose the rate of sending the reserved USF number may be dynamically

· increased if there are too many collisions of random access bursts on the hybrid packet channel or if the CCCH is overloaded and

· decreased if too many radio block periods allocated for random access on the hybrid packet channel are unused or if the CCCH has plenty of free capacity.

Since one radio block period is 20 ms, the theoretical limit is 50 immediate assignments per second on the hybrid packet channel which would triple the maximum rate of immediate assignments from 25 on the AGCH [7] to 75 in total.
Hence the network need only sacrifice packet data capacity on TN 7 for channel access purposes if and as far as the CCCH capacity is exceeded. However, if needed to protect the CCCH against sudden overload, the whole access load from low access priority devices can be shifted completely and instantly to the hybrid packet channel: As long as the predefined USF number is repeated in a GMSK modulated DL radio block with a time less than the signalled timeout, no low access priority device will use the RACH.
3. PERformance Evaluation
The concept of hybrid packet channel is being evaluated against a reference configuration based on multiple CCCH timeslots.

3.1 Simulation Assumptions
A protocol level simulator is used for the performance evaluation of the HPCH. This models RLC/MAC and higher layers behaviour in a single cell environment. The applied traffic mix is EGPRS traffic in conjunction with traffic from MTC devices. Simulation Assumptions are summarized in Table 1. 

	Parameter
	Value

	Cell configuration
	single cell

	Radio condition
	fixed C/I=20 dB, TU3 channel profile, 

slow fading (6…10 dB)

	Channels for CS allocation
	46 

	Channels for PS allocation
	16 

	Number of CCCH timeslots
	1, in case HPCH is active

2, in case HPCH is inactive

	Traffic mix
	Voice / GPRS / MTC traffic

	MS device type (EGPRS)
	multislot class 8 (4+1)

	Traffic model for cellular phones
	Poisson arrival process

	Traffic type
	HTTP, SMTP, PING

	MTC device type
	multislot class 2, 8-PSK capable

	Traffic model for MTC devices
	Poisson arrival process with mean arrival rate 2…20 1/s

	Report size
	10, 200, 1000 B



	Report ACK size 
	10 B

	Call blocking rate (voice)
	< 2 %

	Reservation of radio blocks for predefined USF
	0…8 per 120ms


   Table 1: Simulation Assumptions for modelling the Hybrid Packet Channel.
The metrics being investigated are 

· CCCH collisions

· MTC collisions

· MTC timeouts

· HTTP throughput

· SMTP throughput

· PING times

3.2 Simulation Results

TBC

4. CONCLUsion

The here presented concept bears considerable benefit for the network operation in case of future high overload scenarios expected to occur due to high traffic load from low access priority devices. The hybrid packet channel can flexibly and quickly enlarge (even triple) the network's capacity for channel access whenever needed, and the remaining capacity can be used for normal packet data transmission with legacy terminals in a flexible way.  
A fast overload mitigation mechanism based on channel access related information included in paging channels is proposed that enables the low access priority devices to identify the need for reading EAB information upon service request from higher control layers with much lower latency, i.e. 150 ms, as proposed in [8] requiring the reading of SI 3 which has a latency of 1 sec. In addition the scheme is more flexible since different instances of the EAB information can be supported without the need to update other System information messages than SI 21. 

As a further enhancement a simple and fast load control is proposed to protect the CCCH against overload from low access priority devices that is based on proper load balancing between CCCH and HPCH and can be configured to support different priority levels of low access priority devices or related applications. Thus the proposed concept of HPCH allows to maintain the normal setup time for voice calls and hence access barring for low access priority devices is not needed in most scenarios, but also enabled as depicted above.
Based on the benefits mentioned above, the sourcing company proposes to include this concept into [9]. 
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Annex: CHANGES TO Paging Request Type 1 message
Table A.1 Extension to P1 Rest Octets to include channel access related information for low access priority devices
	{
< P1 Rest Octets > ::=

{L I H < NLN(PCH) : bit (2) > < NLN status(PCH) : bit >}

{L I H < Priority1 ::= Priority >}

{L I H < Priority2 ::= Priority >}

{L | H < Group Call information >}
..........; for brevity, some P1 Rest octet field excluded


{
null
| L
-- Receiver compatible with earlier release


| H

-- Additions in Release 8



< Priority Uplink Access : bit >



{ 0 | 1 < ETWS Primary Notification : < ETWS Primary Notification struct > > }

} 

{
null
| L
-- Receiver compatible with earlier release


| H

-- Additions in Release 10



< Channel access information for low priority devices> : bit(5)> 

}

< spare padding >;
} //
-- truncation according to sub-clause 8.9 is allowed, bits "L" assumed

	


	< Channel access information for low priority devices struct> ::=

    { 0 -- no channel access information included 
       | 1 -- channel access information included 

     <Force indication: bit (1)>  -- the low access priority device is mandated to read the next instance of EAB 
                         information before sending a channel access request  
     <EAB instance counter: bit (3) >;  -- the value of the instance counter of the valid broadcast EAB 

          information, incremented  for each update  

   }
EAB instance counter:

The EAB instance counter is sent as part of the EAB field in SYSTEM INFORMATION TYPE 21. It is incremented for each update of the instance of the EAB field and in case of instance 7 the next update of the EAB instance counter is set 0.  
Bit
2 1 0
0 0 0
 Parameters for channel access are valid contained in EAB field instance 0 

0 0 1 
 Parameters for channel access are valid contained in EAB field instance 1
0 1 0 
 Parameters for channel access are valid contained in EAB field instance 2
...                        … 

1 1 1 
Parameters for channel access are valid contained in EAB field instance 7  
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