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Discussion and decision
1 Introduction

Many companies have indicated that reducing UE bandwidth could be an advantageous way of reducing the cost of an LTE MTC modem [2,3]. In supporting reduced bandwidth LTE MTC modems, it is important that those modems can be supported within carriers of a wider bandwidth. This document presents a proposal for a method of supporting reduced bandwidth UEs in a backwards compatible manner on Release 8-10 networks: through the support of a separate downlink control channel region and a reduced bandwidth PUCCH. 

This document is a based on material in a Tdoc that was not treated at RAN1#67 [4]. 
The document additionally contains a text proposal for section 6.2.1 of TR36.888 [1] to capture how the support of a separate control channel structure can enable the support of reduced bandwidth LTE MTC modems.  

2 Requirement relating to reduced bandwidth UE support
A significant requirement that has to be met in order to support reduced bandwidth UEs relates to backwards compatibility. The specific requirement identified in TR36.888 [1] is:
· Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

This requirement relates to backwards compatibility of low cost MTC UEs and legacy UEs. It is our understanding that the legacy UEs could be of any LTE release. It is evident that the carrier that supports both low cost MTC LTE and legacy UEs would be a Release 11 or later carrier (depending on the progress of the study item and any potential follow-up work item). There is no requirement for a low cost MTC LTE UE to be able to be supported on a pre-Release 11 carrier. It is hence possible to create a matrix of requirements relating to releases and abilities to support legacy and low cost MTC LTE UEs: Table 1.
Table 1 – Matrix of backwards compatibility requirements

	UE type
	Release 8-10 network
	Release 11+ MTC-capable network

	Release 8-10 UEs
	must be supported
	must be supported

	low cost MTC UEs
	not necessarily supported
	must be supported


A second important requirement is that the spectrum efficiency should not be negatively impacted by the support of low cost MTC LTE UEs:

· Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals (normal LTE terminals) in LTE Release 8-10 networks.
3 Problem with direct support for low-cost MTC UEs on legacy carrier
LTE Release 8-10 assumes that the UE is able to decode the full carrier bandwidth. This assumption creates the following problems for the support of reduced bandwidth UEs:
· the PDCCH, PHICH and PCFICH control channels occupy the entire system bandwidth and are not decodable by the reduced bandwidth UE.

· the PUCCH occupies the band edges of the UL carrier (although Alcatel Lucent state that it is possible to create a PUCCH that occupies inner subcarriers of the LTE carrier [4]). A reduced bandwidth MTC LTE UE would not be able to transmit its PUCCH at the band edges of the full bandwidth UL carrier.

· system information and paging messages may be transmitted with a bandwidth greater than the bandwidth of low cost MTC LTE UEs.  This issue can easily be resolved by scheduling system information in a narrower bandwidth and this solution is a pure eNode B implementation issue.
4 Supporting downlink control channels in a reduced bandwidth
[3] has reviewed some approaches that were identified in RAN1#66bis for the support of reduced bandwidth MTC LTE UEs. That document identifies that support for a separate downlink control channel region for low cost MTC LTE UEs is a possible method of supporting reduced bandwidth UEs. Since this approach allows low cost MTC LTE UEs to coexist on the same carrier as legacy devices it seems to provide a promising way forward for supporting reduced bandwidth UEs. This section expands on how this control channel region could be set up.

Figure 1 shows how a separate control channel region can be set up for reduced bandwidth UEs within the overall bandwidth of an LTE carrier. This figure shows these reduced bandwidth UEs being scheduled in the central subcarriers of a higher bandwidth carrier (it may however be possible to schedule the reduced bandwidth UEs in non-central subcarriers). The reduced bandwidth UEs read PBCH, synchronization signals and the reduced bandwidth control channel region within a restricted subcarrier range of the higher bandwidth carrier. These MTC LTE UEs can filter and demodulate only the central subcarriers that they might be scheduled in.

In this figure, legacy Release 8-10 UEs are oblivious to the existence of the PDSCH resources that are being scheduled to reduced bandwidth UEs and to the existence of the separate reduced bandwidth control channel region. Provided the separate reduced bandwidth control channel region can be turned on and off on a subframe by subframe basis, the reduced bandwidth UE resources would only need to be reserved in those sub-frames in which MTC traffic exists: in other subframes the central subcarrier resources could be re-allocated to legacy Release 8-10 UEs.
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Figure 1 – Creation of a separate reduced bandwidth control channel region for support of MTC LTE UEs
The support of reduced bandwidth UEs via the use of a separate control channel region as shown in Figure 1 has the following advantages:
· the approach is backwards compatible with Release 8-10 LTE UEs (legacy UEs are not scheduled in the central subcarriers when MTC LTE UEs are being scheduled)

· minimal loss of spectral efficiency since Release 8-10 LTE UEs can be scheduled in the central subcarriers when low cost MTC LTE UEs are not being scheduled

· Release 8-10 UEs can be scheduled across the whole carrier bandwidth. Schemes that partition the resource using Release 10+ carrier aggregation type techniques do not allow Release 8 and 9 devices to be scheduled across the entire system bandwidth since pre-Release 10 devices do not support carrier aggregation

5 Supporting PUCCH in a reduced bandwidth

Legacy Release 8-10 UEs typically expect to find PUCCH at the subcarrier extremes of the UL carrier (although [5] suggests that it is possible to force Release 8-10 UEs to use more central PUCCH resources). Reduced bandwidth MTC LTE UEs are not able to transmit across the entire system bandwidth and would hence need a separate PUCCH region. Figure 2 shows one potential method of creating a PUCCH region for the support of low cost MTC LTE UEs.
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Figure 2 – support of PUCCH for a reduced bandwidth MTC LTE UE
In Figure 2, the PUCCH region for the support of the reduced bandwidth MTC LTE UEs is located at one extremity of the PUSCH region of the high bandwidth carrier. By locating the reduced bandwidth PUCCH at one extremity of the high bandwidth PUSCH region, fragmentation of the PUSCH resource for high bandwidth UEs is minimised. PUSCH for reduced bandwidth UEs would typically be allocated in the subcarriers between the reduced bandwidth PUCCHs.
When MTC LTE UEs do not require PUCCH resource, those PUCCH resources can be dynamically reallocated to high bandwidth UEs as PUSCH resources, thus minimising any spectral efficiency loss from the support of reduced bandwidth MTC LTE UEs. 

6 Conclusions

This document has shown that it is possible to support reduced bandwidth UEs within a higher carrier bandwidth by:

· use of a separate control channel region for reduced bandwidth devices within resources normally assigned to PDSCH for legacy UEs

· use of a narrowband PUCCH at one extremity of the PUSCH resource space of the uplink carrier

This approach to supporting reduced bandwidth UEs would:

· allow reduced bandwidth Release 11+ MTC LTE UEs to be supported in the same carrier as legacy UEs 

· minimise spectral efficiency losses for legacy Release 8 and 9 UEs that are supported in the same carrier as reduced bandwidth MTC LTE UEs

Section 8 contains a text proposal for TR36.888 to capture the concept of supporting reduced bandwidth LTE MTC UEs through the support of a separate downlink control channel region and a reduced bandwidth PUCCH. 
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8 Text Proposal
This section contains a text proposal for section 6.2.1 of TR36.888. The text proposal describes how a reduced bandwidth LTE MTC modem can be supported within a wider bandwidth system through the use of a separate downlink control channel structure and a reduced bandwidth PUCCH.

<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>
6.2 
Reduction of maximum bandwidth
6.2.1
Description
A reduced bandwidth LTE MTC modem can be supported through the use of a separate downlink control channel region and a reduced bandwidth PUCCH in the uplink.
Figure 6.2.1.1 shows how a separate downlink control channel region can allow a reduced bandwidth LTE M2M device to be scheduled within a wider bandwidth LTE carrier. The separate downlink control channel region contains reduced bandwidth PDCCH, PHICH and PCFICH: these channels are only decoded by the reduced bandwidth LTE M2M devices. The PDSCH resources for the reduced bandwidth LTE M2M devices exist within the same subcarrier range as the separate downlink control channel region. 

The figure shows the reduced bandwidth LTE M2M devices being scheduled in the central subcarriers of a higher bandwidth carrier, but they could alternatively be scheduled in non-central subcarriers. The reduced bandwidth devices read PBCH, synchronization signals and the reduced bandwidth control channel region within a restricted subcarrier range of the higher bandwidth carrier. 
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Figure 6.2.1-1 – Support of reduced bandwidth MTC LTE UEs through the use of a separate downlink control channel region
Figure 6.2.2-2 shows how a reduced bandwidth PUCCH can be used to support reduced bandwidth MTC LTE modems. The MTC LTE modems only transmit PUCCH across a reduced bandwidth. PUSCH resources for those modems exist within the subcarrier range of the reduced bandwidth PUCCH. 

In this figure, the PUCCH region for the support of the reduced bandwidth MTC LTE UEs is shown located at one extremity of the PUSCH region of the high bandwidth carrier in order to minimise fragmentation of the PUSCH resource for high bandwidth UEs. However the location of this PUCCH region is generally under eNode B control. 
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Figure 6.2.2-2 – Support of reduced bandwidth MTC LTE UEs through use of a reduced bandwidth PUCCH 

<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>
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