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Discussion
1 Introduction

This document provides an assessment of potential impacts for the RAN2 and RAN4 working groups related to the introduction of a low cost LTE UE for MTC.

Suggestions are provided as to whether these impacts need to be assessed by either RAN2 or RAN4 during the study phase or whether the impacts could be considered during the specification phase in a potential future work item.

2 Potential RAN2 Impacts

Table 1 provides a list of the potential RAN2 impacts from implementing low cost MTC devices.
This table only considers the direct consequences of supporting low cost LTE MTC devices. Note that the table does not consider items that are out of scope of the study item such as increased demands on some types of resource, the efficiency of supporting small data transmission or MTC overload control.

Table 1 – Potential RAN2 impacts from implementing low cost LTE MTC devices
	Cost reduction feature or requirement
	Potential RAN2 Impact
	Study phase / Spec phase / None?

	Reduction of maximum bandwidth
	The potential RAN2 impacts would depend on the method used to support lower bandwidth UEs. Use of a dedicated LTE carrier or carrier aggregation techniques are already covered in the specifications.

If a lower bandwidth control channel region is supported within a wider bandwidth carrier:

· MIB modification may be necessary in order to indicate to the MTC UE whether the low bandwidth control channel region is supported by the cell.
· SIB modification may be necessary to signal the location and characteristics of the low bandwidth control channel region.
	Specification

	“”
	UE capability signalling:
· For example, the scheduling algorithm will need to know that the UE is an MTC low bandwidth capability UE and potentially which frequency domain radio resources can be used for each UE.
	Specification

	Single receiver RF chain
	UE capability signalling:

· For example, the eNB may need to know whether to implement any coverage enhancing strategies.
	Specification

	Reduction in peak rate supported
	UE capability signalling:

· For example, the eNB scheduler will need to know the maximum rates that it can schedule to the low cost LTE MTC UE.
	Specification

	Reduction of transmit power
	UE capability signalling: 

· For example, any restrictions in UE uplink transmit power capability may need to be taken into account by the handover algorithm. 
	Specification

	Half duplex operation
	The eNode B needs to know the mapping between the timing advance value and switching time and the number of idle symbols in order to correctly rate control DL transmissions. 
	Specification

	“”
	Node B may need to signal whether or not it supports HD-FDD capability.
	Specification

	Requirements
	From 36.888 [1]: 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.
	Specification


Note that in the above table, there may only be a single bit of signaling to indicate a “low cost LTE MTC” capability rather than multiple bits covering the various aspects of the low cost device.
3 Potential RAN4 Impacts

Table 3 indicates the potential RAN4 impacts involved in supporting low cost LTE MTC devices.
Table 2) Potential impacts for RAN4 in supporting low cost LTE MTC devices
	Cost reduction feature or requirement
	Potential RAN4 Impact
	Study phase / Spec phase / None?

	Reduction of maximum bandwidth
	Current RAN4 specifications already define transmitter emissions and receiver performance to cover multiple access in the frequency domain within a given carrier.
If carrier aggregation techniques are used to create a low bandwidth ‘carrier’ within a wide bandwidth carrier, it is expected that one of the currently defined RAN4 CA schemes would be adopted.
	None

	Single receiver RF chain
	The RAN4 performance specifications for the category 1 UE are based on a UE that supports 2x receive diversity.   Hence RAN4 should review whether any modifications to performance requirements are needed to support a single receive branch and make any modifications that are found to be necessary.
	Specification

	Reduction in peak rate supported
	RAN 4 would need to define new reference channels applicable to low cost LTE MTC UEs.  These would need to take into account the number of HARQ processes, peak rate capability, etc. Downlink and uplink reference channels will be needed.
	Specification

	Reduction of transmit power
	Transmitter performance is already specified for powers down to -40dBm [2].

RAN1 will perform a coverage analysis as part of the Stage 2 study, however RAN4 may wish to conduct a more detailed study of coverage during a potential future specification phase.
	None

	Half duplex operation
	Specification related to Tx-Rx and Rx-Tx switching time.
	Specification

	“”
	Specification of bands in which there can be half-duplex operation.
	Specification

	“”
	Performance requirements (at a particular SNR) need to be modified for HD-FDD to take account of the number of UL and DL subframes.
	Specification

	Requirements
	From [1]: Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks.

No RAN 4 impact is foreseen.

	None

	
	From [1]: Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier

No RAN4 impacts foreseen


	None


Table 3) Potential impacts for RAN4 in supporting the low Complexity UE
Many of the cost reduction techniques considered are already covered sufficiently well by existing RAN4 specifications.  Those features that do have a RAN4 impact, such as single receive branch, reduction in minimum UE capability and half-duplex operation would involve RAN4 specifying a new reference channel(s) for MTC devices.

One area where RAN4 may want to take a greater role is in the assessment on the system impact of reduced MTC-UE transmit power and associated mitigation techniques, but it is assumed that this could be undertaken during the specification phase of a potential future work item.

4 Conclusions

An initial assessment has been made of potential impacts for RAN2 and RAN4 working groups stemming from the low complexity MTC UE study.

It is concluded that all identified items are of a nature that could be left for consideration in the specification phase of a potential future work item.
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