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Discussion 
1   Introduction

A Study Item has been launched in RAN1 to study potential simplifications to the LTE physical layer that could reduce the cost of low data-rate and/or high latency MTC UEs [1]. Indeed, a significant amount of MTC usages involve only GPRS-like data rates and are not latency-critical, and thus do not require the high performance of a regular LTE UE. Typical examples of such MTC usages involve smart metering and fleet geolocalization. 
Nevertheless, physical layer simplifications that have an impact on the performance in terms of supported data rates and/or latency might have adverse consequences on the network operation, if they are used for building a UE that is not an MTC UE. For this reason, the Study Item Description [1] specifies that: 

“The study shall evaluate (…) a method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study”.
This paper provides our motivations for defining such a method, as well as initial views on possible solutions.   

2   Motivations to restrict low performance UEs to MTC 
The LTE specifications so far do not distinguish the UEs based on what they are used for. Only UE categories and capabilities are defined, which determine the technical limitations of the UE in terms of e.g. supported peak rate, number of MIMO layers and supported features.

Therefore, if no precaution is taken, any simplification introduced to the LTE specification leading to reduced UE performance could be applied to a regular (non-MTC) UE as well. 

The potential threats we see with allowing any type of UE to use the physical layer specifications motivated by low-cost MTC are exposed in the following. In the reminder of this paper, MTC stands for low performance MTC, i.e. we exclude from this discussion any MTC UE which needs high data-rates and low latencies.
2.1   Foreseen impact of the candidate simplifications 
In RAN1#67, the concepts that may provide significant cost savings were identified as follows [2]:

· Reduction of maximum bandwidth; 

· Single receive RF chain; 

· Reduction of peak rate; 

· Reduction of transmit power; 

· Half duplex operation.
The table below summarizes the impact foreseen on user experience and network performance in case these simplifications are applied to a non-MTC UE.

Table 1: Impact on user experience and network performance of candidate simplifications   
	Feature
	User experience impact
	Network performance impact

	Reduction of maximum bandwidth
	Reduced UL and DL user throughput(*)
	None: the reduced maximum BW can be compensated by a higher number of frequency-multiplexed UEs

	Single receive RF chain 
	Reduced coverage

Reduced DL user throughput (*) 

Higher call drop rate 
	Reduced DL cell throughput

	Reduction of peak rate 
	Reduced UL and DL user throughput (*)
	None if comes from a reduced maximum bandwidth
Reduced DL and UL cell throughput if comes from a reduction of MCS spectral efficiency

	Reduction of transmit power 
	Reduced coverage

Reduced UL throughput (*) 

Higher call drop rate
	Reduced UL cell throughput

	Half duplex operation
	Reduced UL and DL throughput (*)
	None: the eNodeB is always full duplex 


(*) No impact if the intended usage does not require a low data rate
As can be seen from the table, the bandwidth and peak rate reductions and the half duplex operation only impact the user throughput, which is not problematic in terms of user experience if the owner of the UE does not expect to be able to run applications demanding a high data rate on his device. In terms of network performance, only a peak rate reduction due to a reduced MCS spectral efficiency can affect negatively the cell throughput. 

Observation1: some candidate simplifications have no impact on the user experience if applied to non-MTC UEs not intended to receive high data rate, nor affect the network performance. 

In contrast, a single RF chain and/or a reduced transmit power can have adverse impacts on the user experience, including reduced coverage and higher call drop rates. Regarding coverage, LTE networks so far have been dimensioned based on the assumption of receive diversity at the UE for the reception of DL control and data channels. Therefore, any simplification leading to a reduced coverage would be an issue, or would require the LTE networks to be dimensioned based on this reduced performance, leading to significant costs for the operators. Both a single RF chain and/or a reduced transmit power also affect the user throughput and the cell throughput.
Observation2: some candidate simplifications can have a significant impact on the user experience if applied to non-MTC UEs, or could incur high costs for operators.

For the features which impact the network performance (cell throughput), the associated degradation will depend on the UE activity: the UEs which would need to transmit frequently (which could be the case for non-MTC devices), if in a high number in the cell, may have some non-negligible impact on the network capacity. 
Observation3: some candidate simplifications can impact the network capacity if applied to non-MTC UEs.
Note that some of the caveats indicated above also apply to MTC UEs:
· Coverage issues due to single RF chain and/or a reduced transmit power (excluding call drops since MTC UEs are not expected to support seamless mobility);

· MTC devices which would require to transmit often at a low data rate could have some impact on the network capacity (the practical application for such MTC usage is however unclear). Note that the impact on the network capacity of UEs transmitting only once in a while with a very low duty cycle (e.g. MTC UEs for smart metering) is unclear if they are highly numerous in the cell. 

Observation4: some of the above caveats can also apply to MTC UEs.

Conclusion: allowing the MTC-related physical layer simplifications to be applicable to non-MTC UEs would jeopardize the UE and network performance requirements set so far for LTE. 
2.2   Operator policy: a good solution?
One can argue that the deployment of a low-cost non-MTC device is an operator decision. Unfortunately, even if an operator does not want to deploy such devices, some of them might show up in his network. The first reason is roaming. The second reason is that the operator cannot guarantee that the subscriber will not use its sim card in a device not recommended by the operator. More and more operators offer reduced-cost subscriptions without any phone; in such a case, the subscriber can use any device. 

Two possible adverse effects can then occur. The first one is that the subscriber attributes his bad user experience to the quality of the network instead of blaming his device, which is not good for the market image of the operator. 

The second possible impact is on the network performance, as explained in section 2.1, in case theses UEs are numerous on the network. One example of such a situation could be that an attractive device with a low-cost radio gets a large success on the market.

Therefore, we think the application of the physical layer simplifications motivated by MTC should be restricted to MTC usage by specification. 

Conclusion: physical layer simplifications motivated by MTC should be restricted to MTC usage by specification.

3   Possible solutions
This section lists potential solutions to restrict the physical layer simplifications to MTC usage.
3.1   Specifying only harmless simplification

Based on the analysis in section 2.1, only bandwidth reduction (leading to reduced peak rate) and the half duplex operation seem totally harmless for the network and the user experience, provided the device clearly limits the subscriber’s expectations regarding the achieveable data rate .
Sepcifying only these simplifications would ensure there is no issue if they are used to build a non-MTC UE. 
Nevertheless, one strong requirement of LTE UEs is that they have to support a 20 MHz bandwidth. Allowing any UE (including non-MTC UEs) to support a reduced bandwidth would be a step back from this initial requirement, which would need to be carefully considered.
 3.2   Defining a specific UE class
A possible solution would be to define a specific UE class, e.g. called “low-performance MTC”, and restrict any physical layer simplification to this UE class. Such a UE class would need to be defined by SA1. 
However, a UE class specific to MTC might be difficult to define, because it would be based on the usage of the UE instead of pure technical considerations. Moreover, procedures would need to be defined to enforce that the MTC class is effectively used for MTC.
An LS could be sent to SA1 to ask whether this approach is feasible. 

3.3   Define a new UE category

An alternative solution affecting only the RAN specifications is to define a new UE category with a very low peak rate (e.g. 100 kbps), and to restrict any physical layer simplification to this UE category. Such a low peak rate would de facto limit the possibilities use it for non-MTC UEs. 

Some specific non-MTC UEs might still be allowed by this UE category. However, these UEs could be identified by the network since the UE reports its category upon initial connection, This identification would enable the network to apply specific scheduling policies so that they do not harm the network capacity, or specific service handling (e.g. rate policing, see the next section). 
In addition, the limited set of supported service could suggest the end user not to expect a high experience or high roaming capabilities from such devices. 
3.4   Rate policing
Rate policing was proposed in [3]. Its principle is that the operator sets the maximum amount of data that the UE can exchange with the network per month, which effectively ensures that a UE is only used for low data rate applications transmitting seldomly.  
This approach has the advantage that it does not require any specific standardization work. Unfortunately, the restriction provided by this method applies to a subscription but not to a device, and is operator-specific. This means that nothing would prevent low-cost UEs to be sold in independent shops, so that subscribers could use them anyway without operator control.  

For this reason, we do not see rate policing as an appropriate solution if applied to a subscription.
However, if an identifier is available to distinguish the UEs which benefit from the physical layer simplifications, as proposed in sections 3.2 and 3.3, rate policing applied on a UE basis instead of a subscription basis could be a valid solution. In a network imposing rate policing to low-performance UEs, the latters would simply not work if used for non-MTC services. Again, a specific UE class or category would need to be introduced in the specifications to allow such identification.
4   Conclusion
This paper has presented our views on the restriction of physical layer simplifications to low performance MTC UEs. 
Allowing the MTC-related physical layer simplifications to be applicable to non-MTC UEs would jeopardize the UE and network performance requirements set so far for LTE. Due to the lack of guarantee offered by individual operator policies, we think physical layer simplifications motivated by MTC should be restricted to MTC usage by specification.
To this end, the following solutions have been considered:
1. Specifying only the simplification which do not affect the user experience nor the network performance, so that it would not matter if these simplifications are used for a non-MTC usage;

· Still, reducing the mandatory supported bandwidth to less than 20 MHz for all UEs would be a step back from the current LTE UE requirements, which would need to be carefully considered;
2. Investigate the feasibility of defining a low-perfornance MTC class in 3GPP. An LS could be sent to SA1 to get feedback on the feasibility of such a method;
3. Define a new UE category and mandate the physical layer simplifications to be associated with this category.
Finally, some of the candidate simplifications can raise issues (in particular regarding coverage) also for MTC UEs. Therefore, the impact of the simplifications on the MTC UEs performance as well as on the networks performance is an important part of the study. 
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