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1 Introduction
WI of further LTE Physical Layer Enhancements for MTC was approved in RAN #65 meeting [1]. The following are the objectives in feature of feMTC in Rel-13:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.
This paper will discuss supporting of FDM for Rel-13 MTC UEs and other UEs. Scenarios and the corresponding requirements are discussed. The corresponding proposals for channel/signal design with Rel-13 MTC UE are provided.
2 Narrow bands for MTC UE
1.4MHz, i.e. 6 PRBs, will be allocated to the MTC UEs for transmission of data and control signaling. In [2], two implementation methods are discussed for narrow band of Rel-13 MTC UEs. For implementation method 2, as MTC UE’s analog filter bandwidth is as wide as the eNB system bandwidth, the digital filter bandwidth as 1.4MHz can be anywhere in the eNB system bandwidth, providing that the narrow band for Rel-13 MTC UE can be any of the consecutive 6PRBs in eNB system bandwidth. 
While for implementation method 1, considering the 100 kHz raster of DC that UE would comply in the implementation [3], the narrow bands for Rel-13 MTC UE should be one of the 6 PRBs in Figure 1.The center of the narrow bands with 6 PRBs is the multiple of 100 kHz. For both UE’s analog filter and digital filter is narrow band, the distance between DC of the narrow band and the DC of eNB system bandwidth should be multiple of 900 kHz, i.e. 5 PRBs. However, if it is exact 900 kHz, there might be a risk that PBCH/PSS/SSS will collide with the signal for MTC UEs in the overlapped two 6-PRB blocks. To totally remove this risk, the distance between two DC can be equal or larger than 1800 kHz. This risk might not always exist, and it depends on the design of MTC UE behavior e.g. there is no risk when MTC will always re-tuning to receive the common control channel, e.g. PBCH. There might be other risk as overlapped narrow band of MTC UE will limit the data rate of MTC UE, especially in uplink design. 
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Figure 1 Narrow bands that can be allocated to MTC UEs with implementation method 1 in [2]
As an example, in a 10 MHz system bandwidth if overlap is not allowed, there are only 5 sets of 6 PRB narrowbands that can be created, so MTC UEs can only access 60% of the DL resources. If overlap is allowed, then all apart from the less-than-6 PRBs at the bandwidth edge can be used, and MTC UEs can access 93% of the DL resources. Consequently, although overlap of narrow bands of MTC UE will provide more flexibility and increase the number of available PRBs for MTC UE, whether to support the overlap of narrow band of MTC UE or not should be FFS.
Observation: 
· If the analog filter of MTC UE can be wideband, the narrow band of MTC UE can be any consecutive 6 PRBs in eNB system bandwidth. 

· If both analog filter and digital filter of MTC UE is narrow band, the distance between DC of the narrow band and the DC of eNB system bandwidth should be multiple of 900 kHz, i.e. 5 PRBs. 
· It can be a baseline that the distance of two DC in eNB system bandwidth is equal to or larger than 1800 kHz. But whether the two narrow band of MTC UE can be overlapped should be FFS.
Proposal 1: System design should assume that any consecutive set of 6 PRBs can be used for transmissions to an MTC UE. 
3 Scenarios of FDM

When eNB also serves legacy non-MTC UEs or UEs receiving legacy channels/signals in the system bandwidth with Rel-13 MTC UEs, two cases can be considered:
· Scenario 1: The legacy UE to be served by a system bandwidth, equal to the system bandwidth of the eNB.

· Scenario 2: The legacy UE to be served by a system bandwidth, less than the system bandwidth of the eNB.

In Scenario 1, the wideband channel/signal, e.g. CRS, PDCCH, PCFICH, etc. will be mapped in the entire system bandwidth of the eNB. Rel-13 MTC UEs will not utilize the legacy control region and can demodulate at least PDSCH based on CRS if needed. The FDM of Rel-13 MTC UEs and other UEs, including Rel-13 non-MTC UEs and legacy non-MTC UEs, can be as Figure 2.
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Figure 2 FDM of Rel-13 MTC UEs and other UEs in backward compatible scenario 1

In Scenario 2, the wideband channel, e.g. PDCCH, PCFICH, etc. will be mapped in a system bandwidth, which is utilized by legacy non-MTC UEs and less than the system bandwidth of the eNB. The FDM of Rel-13 MTC UEs and other UEs, including Rel-13 non-MTC UEs and legacy non-MTC UEs, can be as Figure 3.

In Scenario 2, the legacy control region only exists in the system bandwidth for the legacy non-MTC UEs, where PDCCH/PCFICH etc. can be mapped. Consequently, the narrow band for Rel-13 MTC UEs can be configured to be within the system bandwidth of the eNB but outside of the system bandwidth for legacy non-MTC UE. For Rel-13 MTC UE and for Rel-13 non-MTC UEs only utilizing the PRB out side of the legacy bandwidth part, the starting symbol of PDSCH/EPDCCH can be symbol 0, where wideband control channel, e.g. PDCCH/PCFICH, can be removed and all the DCI can be transmitted by EPDCCH. Additionally, depending on the supported TM, some of the CRS in non-legacy frequency part could also be removed, providing benefits of overhead reduction and possibly less interference in HetNet. By this design, the REs that Rel-13 MTC UE can utilize will increase greatly, resulting higher spectrum efficiency of Rel-13. The drawback of this design is that the legacy UE can not utilize the entire eNB system bandwidth and the peak data rate of these UEs will be limited. 
As for Rel-13 MTC UE, legacy wideband control channel cannot usually be decoded in system bandwidth larger than 1.4 MHz. To allocate a separate bandwidth will be much better to provide more RE for data transmission and better performance to Rel-13 MTC UEs. Furthermore, if an EPDCCH CSS is developed and if it can be used by non-MTC, it may be possible to consider whether the legacy PDCCH/PHICH/PCFICH could be totally removed on a new band without any legacy UE.
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Figure 3 FDM of Rel-13 MTC UEs and other UEs in backward compatible scenario 2

Proposal 2: Whether or not legacy UE will utilize the entire system bandwidth of eNB should be considered in design of FDM for Rel-13 MTC UE and other UEs. 
· It can be a baseline that legacy bandwidth equals to the eNB bandwidth.
· Alternatively, wideband control channels can be always mapped in the bandwidth for legacy UEs and Rel-13 MTC UEs utilizing the narrow band outside of the legacy bandwidth can utilize more RE.

4 Network Access Procedure for Rel-13 MTC UEs
This section discusses how Rel-13 MTC UEs with reduced bandwidth access a wideband system carrier. No matter how Rel-13 MTC UEs multiplex frequency resource with non-MTC UEs within the wideband carrier, what Rel-13 MTC UEs need to do is firstly to synchronize the carrier and obtain essential system information, followed by the location of narrow bands where MTC UEs will operate on. 
PSS/SSS/PBCH could be still located in the carrier center as they are since Rel-8, by which both non-MTC and Rel-13 MTC UEs could perform synchronization. PSS/SSS/PBCH could solely exist in the carrier center narrowband. Before knowing and retuning to other narrow bands, all Rel-13 MTC UEs have to access or work on the carrier center narrowband firstly. 
The frequency location of other narrow bands could be obtained by higher layer signalling. Considering it is inefficient to duplicate common messages including SIBs, paging and RAR in each of narrow bands, it makes sense to have a specific narrowband to carry all common messages and the specific narrowband could be the one in the carrier center. Rel-13 MTC UEs working on other narrow bands would retune to the specific narrowband for common messages acquisition when necessary. 
Proposal 3: For Rel-13 MTC UEs, support transmission of broadcast and unicast messages in separate narrowbands.
5 Conclusions
This paper discussed the FDM for Rel-13 MTC UEs and other UEs. The following are observed: 
Observation: 

· If the analog filter of MTC UE can be wideband, the narrow band of MTC UE can be any consecutive 6 PRBs in eNB system bandwidth. 

· If both analog filter and digital filter of MTC UE is narrow band, the distance between DC of the narrow band and the DC of eNB system bandwidth should be multiple of 900 kHz, i.e. 5 PRBs. 

· It can be a baseline that the distance of two DC in eNB system bandwidth is equal to or larger than 1800 kHz. But whether the two narrow band of MTC UE can be overlapped should be FFS.

The following are proposed:
Proposal 1: System design should assume that any consecutive set of 6 PRBs can be used for transmissions to an MTC UE. 

Proposal 2: Whether or not legacy UE will utilize the entire system bandwidth of eNB should be considered in design of FDM for Rel-13 MTC UE and other UEs. 

· It can be a baseline that legacy bandwidth equals to the eNB bandwidth.

· Alternatively, wideband control channels can be always mapped in the bandwidth for legacy UEs and Rel-13 MTC UEs utilizing the narrow band outside of the legacy bandwidth can utilize more RE.

 Proposal 3: Study how many narrow bands are needed for Rel-13 MTC UEs. If more than one narrow band is needed, consider to specify one narrowband carrying all common messages including SIBs, paging, and RAR.
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