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1. Introduction
Several CCCH capacity and overload protection mechanisms have been discussed under the concept of MTC. So far the most promising overload protection mechanism has been the Implicit IA Rejection method that has been specified in release 10 in 3GPP TS 44.018. The idea in this method is that the network indicates on CCCH if there is congestion on the RACH or AGCH channels and that the MTC mobiles postpone their access request by a random amount of time in case congestion is indicated. 
This contribution addresses the fact that the Implicit IA Rejection method is able to improve the access success ratio (ASR) for MS configured as low priority access but there is a price to pay: The access time of MTC mobiles increases significantly and can even be unacceptably large. Hence a supplementary enhancement is needed to efficiently increase the capacity for network access. justifying the inclusion of complementary overload remedies into the TR. This contribution shows that the hybrid packet channel (HPCH), when used together with the Implicit IA Rejection method, provides an attractive solution for alleviating the congestion situation caused by the MTC mobiles. 
2. Reason for Change
The performance of the Implicit IA Rejection method has been studied by many simulations but it is observed that the used simulation times have not been large enough for proper MTC access time evaluation. E.g. in GP-110701 it is said that “All evaluations are performed within a 60 second time-window”. Since the Implicit IA Rejection method postpones the MTC access by 10 – 200 s, most of the postponed accesses cannot be successful within the 60 s time-window and hence the longest MTC access times are not included in the statistics. Due to this fact the obtained MTC access times may be unrealistically short.
Based on simulations presented in GP-120638 the mean MTC access time can be several hundreds of seconds with the Implicit IA Rejection method when only the normal CCCH is used for network access. Such a large delay can hardly be considered as acceptable. The simulations show further that when extended CCCH (extCCCH) or Hybrid Packet Channel (HPCH) is used together with the Implicit IA Rejection method, the performance is on a reasonable level both in terms of ASR and MTC access time. 
The benefit of the HPCH is that it consumes only a minor portion of the timeslot capacity for signaling purposes (GP-120638 evaluates this portion to be below 1%), the rest of the timeslot capacity being available for data transfer, whereas extCCCH consumes the entire timeslot for signalling. Hence, there is an obvious reason to include a complementary overload mitigation method into the TR, namely the Hybrid Packet Channel concept, that has been presented in GP-110766.
3. Proposal

It is proposed to agree the following changes to 3GPP TR 43.868 V0.5.0.

* * * First Change * * * *

4.2
Overload control 

4.2.1
General

Overload Control refers to use cases Radio Network Congestion, Signalling Network and Core Network Congestion as described in [2] Annex A.

4.2.2
Description and Analysis

[Editor’s note: This section provides the description and the analysis of the functionality.]
4.2.2.1
CCCH Overload Control

4.2.2.1.1
Description and Analysis

The large amount of access from the mobile stations configured as “low access priority” is believed to increase the load and cause congestion on the common control channel (CCCH) and therefore may negatively impact services of the mobile stations not configured as “low access priority”.
The legacy pre-release 10 mechanism is not sufficient for the network to avoid CCCH congestion after these mobile stations are introduced. However the implicit reject procedure specified in release 10 in 3GPP TS 44.018 can effectively protect the services of the mobile stations not configured as “low access priority” from congestion situation on CCCH caused by mobile stations configured for “low access priority”. 
The implicit reject procedure may, however, increase the access time of the mobile stations configured as “low access priority” considerably. This can be overcome by enlarging the signaling capacity by enabling the extended CCCH or the Hybrid Packet Channel described in Annex A of the present document. Compared with the extended CCCH, the Hybrid Packet Channel results in a similar quality of service both for the MS configured as “low access priority” and for the MS not configured as “low access priority”.The Hybrid Packet Channel there against has the advantage to require on average only a  minor fraction of a timeslot for signaling, the rest being available for user data transfer.
4.2.2.1.2
Result

By using the implicit reject procedure, the network can effectively protect the mobile stations not configured as “low access priority” from the CCCH overload caused by the mobile stations configured for “low access priority”. The implicit reject procedure may negatively impact the access time of the mobile stations configured as “low access priority” if the level of CCCH congestion is relatively high. This can be alleviated by combining the implicit reject procedure with the extended CCCH or with the Hybrid Packet Channel, the latter option being by far more efficient, since evaluation results indicate that a major fraction of the HPCH timeslot can be used for PDTCH traffic (e.g. above 99 % in the investigated T2+T3 scenario).
* * * Second Change * * * *

Annex A (normative): Concept of Hybrid Packet Channel
A.1  Concept Description 

A.1.1 Overview 

The concept description given below is an extract of the presented discussion paper in GP-110766.
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 HPCH 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 A.1. 
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Figure A.1: Concept of Hybrid Packet Channel (HPCH) on timeslot 7 of the BCCH carrier.

As depicted in Figure A.1 the HPCH can be used by different types of mobile station: 

· 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 
legacy cellular mobiles using BTTI configurations, not configured for low access priority. 

The purpose of the HPCH is to provide a high network capacity in case of heavy traffic due to channel request 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 cellular mobiles. In order to achieve this combination, the resource on HPCH is configured in a flexible manner to provide resource for common control channels and simultaneously resource used for dedicated packet data traffic. It consists of following subchannels:
· AGCH, PDTCH and PACCH in case of DL and

· RACH, PDTCH and PACCH in case of UL.

Note, AGCH and RACH channels are subject to be renamed to indicate their assignment to HPCH (e.g. HPRACH and HPAGCH, respectively). 
The presence of the HPCH and further characteristics of this channel are indicated in system information message(s) on the BCCH to be identified. Messages on the HPCH 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. 
A.1.2 Multiplexing with PDTCH Users
For proper multiplexing on uplink, one USF value (e.g. USF = 0) is not assigned to packet data users, but reserved, hence predefined, to allocate a RACH block in the next radio block period in the UL (blocks B’, B2, B5, B8 and B11 in Figure A.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. 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 a Packet Uplink Assignment message with Packet Request Reference. The low access priority device evaluates whether the Packet Request Reference matches with the one contained in the access request. Legacy MS will ignore the Packet Uplink Assignment assignments that are sent with the Packet Request Reference. The format of the Packet Uplink Assignment is kept unmodified and identical to PCCCH.
A.1.3 Broadcast Implications 
On the BCCH, the network signals the presence of the HPCH as part of a specific system information message, i.e. as part of the new SYSTEM INFORMATION TYPE 21 defined in release 10. 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 needs to 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 extended 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 one or several HPCH time slots 
· the predefined USF identity for random access on HPCH
· indication, if access on legacy CCCH is allowed for devices configured for low access priority
· further parameters to balance the load between the CCCH and the HPCH as depicted in the section below.  
A.1.4 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 e.g. as part of the new SI21 introduced from Rel-10 in addition to the presence of the HPCH 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 A.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 A.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 HPCH is present, the low access priority device that want to start a connection has to monitor the USF on the HPCH 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 A.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 A.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 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 HPCH: 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 of the CCCH.
A.2 Simulation Results for Comparing HPCH to other Options
In the simulation study presented in GP-120638 different signaling channel alternatives, pure CCCH, extCCCH and the combination of CCCH + HPCH, have been studied by using the T2 + T3 traffic model with and without the Implicit IA Rejection method. The key findings from the simulation study are as follows:

Without the Implicit IA Rejection method the ASR of legacy mobiles and MTC mobiles is negatively impacted and many of the MTC mobiles are not able to send their data successfully over the (E)GPRS network. This is illustrated in Figure A.3 which presents the MTC report sending success ratio for pure CCCH, extCCCH and two (CCCH + HPCH) variants. It can be seen that the MTC report sending success ratio degrades very quickly as the number of MTC mobiles increases. Pure CCCH gives clearly the worst performance but the results are poor also with the other signaling channel alternatives. E.g when there are 500 synchronized MTC mobiles, only 20 – 30 % of the MTC mobiles are able to send their message successfully to the network server. 

The Implicit IA Rejection method is able to improve the ASR (i.e the corresponding MTC report sending success ratio) considerably (see Figure A.4 in comparison with Figure A.3) but there is a price to pay: The access time of MTC mobiles increases as depicted in the simulation study presented in GP-120638. Figure A.5 presents the mean MTC access time for different signaling channel alternatives. It can be seen that the mean MTC access time is extremely high, between 600 – 1100 s, when only the CCCH is used. For all the other signaling channel alternatives, the mean MTC access time is much smaller, between 50 – 110 s. It seems that when only the normal CCCH is used, the Implicit IA Rejection is indicated most of the simulation time (about 90 % of the time when the AGCH load threshold value 90 % was used) and therefore the MTC mobiles repetitively postpone their access request which leads to extremely high MTC access times. One reason for this is the fact that the legacy mobiles of the T3 traffic model already generate 20 calls per second eating up 80 % of the CCCH’s AGCH capacity, and hence the Implicit IA Rejection gets so easily enabled on the pure CCCH.

As can be seen from Figures A.4 and A.5, when extCCCH or (CCCH + HPCH) is used together with the Implicit IA Rejection method, the performance is on a reasonable level both in terms of ASR (i.e the corresponding MTC report sending success ratio) and MTC access time. HPCH consumes, however, less resources than extCCCH because HPCH can be used also for data transfer, not just for signaling. Figure A.6  shows the portion of HPCH capacity that is used for MTC assignments. Only a minor portion of 0.07 – 0.7 % of the DL blocks of HPCH are used for network access signaling purposes when the MTC mobiles access the network once per hour as assumed in the simulation study. The HPCH, when used together with the Implicit IA Rejection method, provides thus an attractive, resource-efficient solution for the congestion situation caused by the MTC mobiles, in that it allows to serve data users on a major fraction of the timeslot capacity (in this scenario above 99%).
See GP-120638 for more detailed description of the simulation study.
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Figure A.3: MTC report sending success ratio without the Implicit IA Rejection method.
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Figure A.4: MTC report sending success ratio with the Implicit IA Rejection method.
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Figure A.5: MTC access time with the Implicit IA Rejection method.
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Figure A.6: HPCH capacity used for MTC assignments.


* * * End of Changes * * * *
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