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Discussion
1. Introduction
[This document has been submitted to RAN2#74, suggesting a way forward to address RAN enhancements for MTC in Rel-11. Considering that part of the requirements - and corresponding proposals - described in Sections 3 and 4 of the present document could require RAN1 involvement in the future, the document is made available for information at RAN1 #65 as well]
In TR37.868 [1] a number of solutions have already been identified to address RAN overload control due to MTC devices. 
In addition, SA#51 has defined a prioritization for the SIMTC work item, organizing the activity for Rel-11 in a number of Building Blocks. In a LS on ‘MTC Planning and Prioritization’ [2], SA has also explicitly requested the relevant 3GPP TSGs/WGs (including TSG RAN) to analyze the impact of such Building Blocks on the corresponding specification, with the final goal to define future Work Items accordingly.
Furthermore, recently some interest has been shown on optimizations for low complexity LTE MTC devices. The requirements include low device cost, enhanced coverage of service provision and high spectrum efficiency. The data rates of these low end devices are very low, such as 2kbps to 10kbps [3]. 
It is expected that the issue of RAN enhancements for MTC devices will be handled at next RAN#52 meeting and that a way forward on current/new RAN Study Item(s) on MTC is decided.
In this contribution, we analyze the MTC requirements briefly listed above, trying to understand the overall implications and the possible impacts on RAN and we then suggests a way forward to address RAN enhancements for MTC in Rel-11.
2. Way forward for RAN overload control due to MTC devices
Regarding RAN overload control due to MTC devices, it seems commonly agreed that the main requirement is to protect the access network and then the access performance of legacy UE devices, also in case of almost simultaneous access attempts from a huge number of MTC (or better, ‘delay tolerant’) devices.

Furthermore, after the SA1 decision to specify a requirement for Extended Access Barring for UEs ‘more tolerant to access restrictions than other UEs’, it seems agreeable that the requirement to protect the access network from MTC devices can be fulfilled with the introduction of an Extended Access Barring (EAB) scheme, which would be applicable for UEs performing ‘delay tolerant’ access requests. A document describing how this requirement could be introduced in RAN specs is available in [4].
However, due to the limitations in SIB change, the efficiency of an Access Class Barring-based solution heavily depends on the speed of the access requests surge. While such solutions can be quite efficient in case of slowly changing load condition (e.g. if the access surge is spread over 60s), they probably cannot deal with quickly changing load condition (e.g. rapid changes over a few seconds), unless some specific enhancements are considered (like those investigated in [5]).  Alternatively, in [6, 7] it is suggested that, in addition to an EAB scheme, a MTC specific backoff scheme is introduced to allow faster reaction from the network when a huge amount of almost simultaneous access requests from ‘delay tolerant’ devices needs to be spread in time.

The final decision on the detailed solution (e.g. EAB scheme only or EAB + MTC specific backoff scheme) is currently still open. In any case it seems that the study phase on RAN overload control due to MTC devices could be considered as completed and the current Study Item on ‘RAN improvements for MTC', focusing only on RAN Overload Control, could be closed at RAN#52 and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened.
Proposal 1: The current Study Item on ‘RAN improvements for MTC' could be closed at RAN#52 and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened.

3. Analysis on Rel-11 MTC requirements prioritized by SA
In [2], SA requested RAN to analyze the potential impact of the following Building Blocks for the SIMTC Work Item on RAN specification.
	Building blocks 
	Feature

	Reachability aspects
	MTC Feature control

	
	Device Triggering

	
	Addressing

	
	Identifiers, especially removal of MSISDN dependencies in the architecture

	
	PS Only support

	Signalling optimisations
	Effectively maintain connectivity for a large number of MTC Devices

	
	Small Data Transmissions

	‘CN based and power considerations’
	Charging Requirements

	
	Lower Power Consumption

	
	MTC Monitoring


Table 1: Building blocks prioritized by SA for the SIMTC Work Item.
A number of  these features/requirements (e.g. ‘Addressing’, ‘Identifiers, especially removal of MSISDN dependencies in the architecture’, ‘PS Only support’, ‘Charging Requirements’) seem not to have an immediate impact on RAN (or at least the possible impact on RAN would depend on some architectural decisions to be taken in other groups). The rest of this section will focus on three high priority requirements identified by SA/SA1 that more likely will have an impact on RAN: ‘Device Triggering’, ‘Small Data Transmissions’ and ‘Effectively maintain connectivity for a large number of MTC Devices’.
· Device Triggering
In general, device triggering can be achieved via the paging procedure for UEs in IDLE mode and by RRC signalling for UEs in RRC connected mode, when the Core Network is aware of the UEs’ location. So, for the ‘online MTC Devices’, this requirement seems not to have any impact on RAN.

However, in current SA1 specifications there is a special requirement for ‘Receiving trigger indication when the MTC Device is offline’, where the meaning of ‘offline UE’ seems to refer to a ‘detached UE’.

Methods to trigger a detached UE involve a few problems. The first one is: how can the network obtain the updated location information for detached UEs not performing LAU/RAU/TAU? For low mobility or fixed MTC devices, in principle the network may remember the last known location for a subsequent device triggering. But more in general, for moving MTC devices, it seems that solutions based on paging/broadcasting in very wide areas would be required and the potential impact on RAN specification should be investigated. 

· Small Data Transmissions
‘Small data transmission’ seems to have a significant impact on the radio access network.

First of all, when the application data is very small, the signaling overhead and UP protocol overhead will cause a degradation of the resource efficiency, and possibly a signaling congestion in the core network. Depending on the exact definition of “small data”, there could be different solutions to address the problem.

One possible solution is to simplify some signaling procedures for the transmission of small data. Transmitting small data via the control plane is another possible solution. Small data could be carried by RRC signaling or by NAS signaling.

On the other hand, for LTE, when transmitting small data via the user plane, current PRBs cannot be fully utilized if the data size is much smaller than the capacity of a PRB. So it can be evaluated whether it is possible to design a smaller PRB format in the physical layer, to match smaller data sizes. In addition, with the decrease of PRB size, corresponding PDCCH enhancements will have to be considered.

For frequent small data transmission, another option is to keep the UEs in RRC connected mode, to limit the signaling overhead caused by frequent RRC status switching.

Different solutions are suitable for different applications/traffic models and benefits and costs of each option need to be carefully evaluated.

· Efficiently maintain connectivity for a large number of MTC devices
The remaining high priority requirement ‘Efficiently maintain connectivity for a large number of MTC devices’ seems to be self-explicative. 

Related to this requirement, one key issue to evaluate RAN impact is whether there is a need to maintain a large number of MTC devices in RRC Connected mode (while keeping a small number of MTC devices in RRC Connected mode seems not to be a problem, at least for LTE). If MTC applications will have such requirement, it should be checked whether the recently established R11 WI “Enhancements for diverse data applications” could already cover this requirement (for LTE).
---
In conclusion, there seems to be a number of issues/requirements among those identified by SA/SA1 that require an immediate corresponding analysis by RAN groups. 
Proposal 2: A new Study Item on ‘Further RAN improvements for MTC' should be opened, to address the RAN impacts of the specific requirements identified by SA1 and the prioritization performed by SA for the SIMTC Work Item in Rel-11. 

4. RAN Impacts of low complexity LTE MTC devices 
The main components of a UE include: baseband chip, memory/cache, power amplifier, printed circuit board, shell, LCD, power, keyboard, etc. Considering that MTC devices only need to implement automatic data transfer or download, they may not need some components such as LCD and keyboard. Although this may cut down the manufacturing cost, this is out of RAN scope. So we only focus on the baseband chip, memory and RF part. These three components also occupy the main portion in the terminal. If the cost of these three components can be reduced, the total manufacturing cost can be greatly decreased.
· RF Requirements
If MTC devices want to access the network, they need to meet the basic RF requirements. For example, MTC devices need to have the capability to measure the reference signals and send precise enough waveforms to the eNB. 

The MTC devices shall meet the output power requirement, so that the eNB can receive their transmitted signals. Considering that the MTC devices may be distributed in the entire network including the cell edges, it doesn’t seem feasible to reduce the output power requirement. 

The transmitted signal quality from MTC devices shall meet the existing requirement; otherwise the eNB cannot demodulate the received signal. For MTC devices, the modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the eNB. Besides, MTC devices shall meet intermodulation and OOB (out of band) emission requirement. Otherwise, these devices may produce serious interference to other ones and have a bad influence on the system performance.

Observation 1: RF requirements are essential and should not be degraded.

· Baseband and memory Requirement

According to the current protocol, a connected UE needs to monitor the PDCCH persistently and blindly detect all PDCCHs, then the UE can find its own PDCCH signaling based on its RNTI. In order to realize this functionality, the UE needs a high processing capability. For regular UEs this functionality is needed to reach high peak data rates (higher than in the UMTS and GERAN system). But many MTC devices only need very low data rates, so they may not need to persistently monitor the PDCCH, because there is not so much data for them to transfer.

When MTC devices need to receive a signal, they shall store it in memory and start decoding through the baseband part. The occupied memory size is determined by the data rate and by the device category. In the current protocol [2], the minimum downlink processing capability of a UE is 10 kbits/TTI and the minimum uplink processing capability is 5 kbits/TTI according to category 1, which is greatly higher than the actual requirement of 10 kbps for MTC devices. If MTC devices will have the same processing capability as category 1 UEs, this will result in a waste of processing capability and memory. Besides, for these MTC devices, there is not so much data to transfer in a short period, which means that the data can be transferred in one or several TTIs. So these MTC devices may not need the same number of HARQ processes as normal UEs. And a reduction of the HARQ processes number can lower the requirements of processing capability and memory for the baseband part.

The eNB performs UL scheduling based on UE category and available BSR. The minimum amount of resources scheduled by the eNB is one PRB. Considering that the data rate of MTC devices is very low, if the eNB adopts this granularity to schedule MTC devices, this will lead to a waste of radio resources and will result in a low spectrum efficiency. Some applications may need to transfer small amounts of data quite frequently. If the eNB schedules one PRB to carry a small amount of data every time, the total spectrum efficiency will be much lower than expected. So the granularity of resource allocation may have to be optimized, and MTC devices may not need high baseband processing capability and large memory. However, a further optimization of the resource allocation might have a great influence on the physical layer, and it needs to be carefully evaluated with the help of RAN1.

Observation 2: The current baseband processing capability and memory requirements are over-dimensioned for MTC low data rates applications.
Observation 3: The investigation of possible enhancements to support low complexity MTC devices is related to the study on ‘Small Data Transmissions’ for MTC.
In order to achieve high data rates, normal UEs shall support higher order modulations (e.g. 64QAM) and MIMO technologies. These technologies can make the best use of the radio channel and can reach high spectrum efficiency. But these technologies need high baseband processing capability and may cause high cost for M2M devices with low data rates. To reduce costs, MTC devices could then use only low order modulations and no MIMO. However the spectrum efficiency of the system would decrease. So we need to evaluate how to achieve a good balance between these two aspects. 

---

In conclusion, the introduction of low complexity LTE MTC devices, with low data rate requirements, could have a deep impact on RAN specification. We believe that current RF requirements should not be degraded because this may have an impact on coverage and signal detection. But the current baseband processing capability and memory requirements, such as persistent PDCCH monitoring and high number of HARQ processes, may be over-dimensioned for LTE MTC devices with low data rates, so that some optimizations can be considered to reduce the device cost. The investigation of some possible enhancements to support this new category of low complexity LTE MTC devices seems to overlap with some aspects of the study for RAN enhancements for MTC devices in Rel-11 (e.g. the one on ‘Small Data Transmissions’).
Proposal 3: The investigation of requirements deriving by the introduction of  ‘low complexity’ LTE MTC devices could be part of the new Rel-11 Study Item on ‘Further RAN improvements for MTC'
5. Conclusion 
This document analyses the MTC requirements for RAN overload control due to MTC devices, the possible RAN impact of some high priority MTC requirements prioritized by SA for the SIMTC Work Item, and also some possible optimizations for low complexity LTE MTC devices. The paper then suggests a way forward to address RAN enhancements for MTC in Rel-11 based on the 3 proposals below:
Proposal 1: The current Study Item on ‘RAN improvements for MTC' could be closed at RAN#52 and a corresponding Work Item for ‘RAN Overload Control for MTC devices’ could be opened.
Proposal 2: A new Study Item on ‘Further RAN improvements for MTC' should be opened, to address the RAN impacts of the specific requirements identified by SA1 and the prioritization performed by SA for the SIMTC Work Item in Rel-11. 

Proposal 3: The investigation of requirements deriving by the introduction of  ‘low complexity’ LTE MTC devices could be part of the new Rel-11 Study Item on ‘Further RAN improvements for MTC'
For information, some draft text for the ‘Justification’ and ‘Objective’ sections of a possible new Study Item on ‘Further RAN improvements for MTC' (including also the investigation for low compexity MTC devices) is also attached in the Annex.
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Annex - Draft text for a possible new SI on ‘Further RAN improvements for MTC'
Justification

SA#51 has defined a prioritization for the SIMTC work item organizing the activity in a number of Building Blocks and, in SP-110218, has requested the relevant 3GPP Working Groups to focus their efforts correspondingly. 

In particular SA requested RAN to analyze the potential impact of the following Building Blocks on RAN specification, with the intention to define future RAN Work Items accordingly:

1) "Reachability Aspects"

MTC Feature control (TS 22.368, 7.1.1 and TR 23.888, 5.7); Device Triggering (TS 22.368, 7.1.2); Addressing (TS 22.368, 7.1.3);  Identifiers - especially removal of MSISDN dependencies in the architecture (TS 22.368, 7.1.4), PS Only support (TS 22.368, 7.2.4)

2) "Signalling Optimizations"

Effectively maintain connectivity for a large number of MTC Devices (TS 22.368, 7.1.1), Small Data Transmissions (TS 22.368, 7.2.5)

3) "CN-based" and power considerations

Charging Requirements (TS 22.368, 7.1.5);  Lower Power Consumption TS 22.368, 7.1.1), MTC Monitoring (TS 22.368, 7.2.8)

A number of issues (like ‘Addressing and ‘Identifiers - especially removal of MSISDN dependencies in the architecture’ in the “Reachability Aspects”, or the ‘Charging Requirements’ in the “CN-based” aspects) already seem not to have an immediate impact on RAN (or at least the possible impact on RAN would depend on some architectural decisions to be taken in other Working Groups). On the contrary, several other issues/requirements require an immediate corresponding analysis by RAN groups. 
For instance, it should be investigated whether the ‘Device triggering’ requirement  (in the “Reachability Aspects”) can be achieved via existing paging procedures (for UEs in IDLE mode) and by existing RRC signalling (for UEs in RRC connected mode) or whether new procedures should be investigated, e.g. when the Core Network is not aware of the UEs’ location. 
Similarly, the ‘Small data transmission’ aspect (in the "Signalling Optimizations" Building Block) seems to have a significant impact on the radio access network. For instance, when the application data is very small, the signaling overhead and UP protocol overhead will cause a degradation of the resource efficiency, and possibly signaling congestion in the core network, so that potential RAN improvements should be investigated.

Also the requirement to ‘Effectively maintain connectivity for a large number of MTC Devices’ needs some investigation, to evaluate whether there is a need to maintain a large number of MTC Devices in RRC Connected mode or whether other different measures should be considered.

In addition to these requirements, some interest has recently been shown on possible optimizations for ‘low complexity’ MTC devices, especially for LTE. The identified requirements include low device cost, enhanced coverage of service provision and high spectrum efficiency, considering that the data rates of the considered low end devices could be very low, such as 2kbps to 10kbps.

Considering the above, the supporting companies would like to investigate the impact on RAN of the “Reachability Aspects”, Signalling Optimizations" and “Power Consideration” Building Blocks prioritized by SA for SIMTC work item. Additionally, other requirements with a possible impact on RAN, like those deriving by the introduction of ‘low complexity’ LTE MTC devices, should also be part of the Study.
Objective

· Study further RAN enhancements for UTRA and EUTRA to improve the support for machine type communication considering the specific requirements identified by SA1 and the prioritization performed by SA for the SIMTC Work Item
· Study whether the requirements for the “Reachability Aspects” (e.g. ‘Device Triggering’) can be achieved via existing RRC signalling or whether new procedures should be investigated, e.g. when the Core Network is not aware of the UEs’ location. 
· Study possible improvements to address the ‘Small data transmission’ aspect (in the "Signalling Optimizations" Building Block), like optimization of the existing mechanisms for data transmission, or the possibility to transmit small amounts of data via the control plane. 
· Study the impact of the requirement to ‘Effectively maintain connectivity for a large number of MTC Devices’, e.g. on the need to maintain a large number of MTC Devices in RRC Connected mode or investigate whether other different measures should be considered.

· Study possible optimizations for ‘low complexity’ LTE MTC devices, with very low data rate requirements. The study should consider whether some requirements could be relaxed to reduce the device cost, while keeping a certain RF performance and the same, or even improved, network coverage. At the same time, since some optimizations for device cost may degrade the spectrum efficiency, a careful evaluation is needed on how to balance the reduced device cost and the resulting spectrum efficiency.






3GPP


