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1 Introduction
In RAN plenary #65 meeting, a work item proposal ‘further LTE physical layer enhancements for MTC’ is approved for Rel-13 MTC [1]. One of its objectives is to specify a new Rel-13 low complexity UE category/type for MTC operation. And one of UE complexity reduction techniques is bandwidth reduction described as following: 

· 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.
In this contribution, general considerations on Rel-13 low cost MTC devices with bandwidth reduction are discussed. 
2 Discussion
MTC operation band
For Rel-13 MTC UEs, bandwidth is restricted to 1.4MHz, i.e., 6 contiguous PRBs, to reduce the design cost. Considering a clean design and maximum cost saving, such bandwidth reduction should be applied for both RF and baseband. To facilitate description, 6 contiguous PRBs for Rel-13 MTC UEs are defined as MTC operation band in this paper. From the perspective of resource scheduling flexibility, it’s preferred that the location of MTC operation band is not restricted to the 6 middle PRBs of LTE system bandwidth, though some legacy common physical signals/channels (e.g. PSS, SSS and PBCH) are transmitted within middle 6 PRBs. With RF retuning, UEs with bandwidth reduction can be able to operate within any LTE system bandwidth. 
Another raised issue is the configuration of the location of MTC operation band. Intuitively, the band location can be configured semi-statically or dynamically by network for both downlink and uplink to improve spectrum efficiency, which may depend on the complexity and guard time for frequency retuning between different operation bands. 
Proposal #1: There is no restriction to the location of MTC operation band (i.e., 6 contiguous PRBs) and the location can be configured by eNB. 
From UE perspective, there is just one operation band in the same time for data transmission/reception, but from eNB perspective, there may be multiple MTC operation bands to serve a large number of Rel-13 MTC UEs. Besides, from eNB perspective, the MTC operation bands for different UEs may overlap partially or fully. Moreover, the number of uplink MTC operation bands can be different from the number of downlink MTC operation bands. Just like current UL-DL configuration in TDD system, network can adjust the ratio of uplink and downlink MTC operation band number flexibly, according to the traffic situation. 
Proposal #2: Consider to support multiple MTC operation bands at eNB both for downlink and uplink. 
As described above, operation band may vary with time and simultaneous transmission/reception at different bands may not be supported by Rel-13 UEs due to bandwidth reduction. Therefore, RF may need retuning between different operation bands. The retuning time needs to be specified first before going to the detail of physical channel design, because it may result in different designs. 
For example, since there are only 6 PRBs within MTC operation band, frequency diversity gain will be limited. One solution is using inter-subframe frequency hopping to compensate the loss of frequency diversity gain if RF retuning can be done within a short time without or with limited UE complexity and power consumption increment. Therefore, RAN1 should send LS to RAN4 to determine retuning time first and start the specification work based on the feedback.   
Proposal #3: Send LS to RAN 4 to ask about RF retuning time. 
DL bandwidth reduction

For DL bandwidth reduction, one obvious problem is that some physical channels distributed within whole system bandwidth cannot be received, e.g. PCFICH, PHICH and PDCCH, unless the LTE system bandwidth is 1.4MHz. One solution to resolve the problem is reusing current control region design, e.g. shrunken PCFICH/PHICH/PDCCH for each MTC operation band as illustrated in Figure 1(a). The shrunken control region occupies the first several OFDM symbols within current data region. However, such solution may result in resource fragmentation since the PRBs not occupied for Rel-13 MTC UE cannot be scheduled for non-MTC UE. This is against one target of the Rel-13 MTC WID, i.e., Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported.
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      (a) Reuse current control region design                  (b) EPDCCH and a new designed EPHICH
Figure 1.  Illustration of DL physical channels for Rel-13 MTC UE
Another solution is reusing current EPDCCH and introducing an EPHICH for Rel-13 MTC UE. Since current PDCCH and PHICH cannot be received by Rel-13 MTC UE, the functionality of PCFICH is useless and PCFICH can be eliminated as discussed in companion paper [2]. Regarding PDCCH, current EPDCCH can be used to replace PDCCH to schedule PDSCH and PUSCH at least for UE-specific search space. Regarding PHICH, one direction is to eliminate the functionality of PHICH, i.e., not supporting non-adaptive retransmission triggered by PHICH and just supporting adaptive retransmission triggered by UL grant. However, signalling overhead of UL grant may be an issue. Another direction is new design of an EPHICH for Rel-13 MTC UE as illustrated in figure 1(b), and the EPHICH may apply ECCE based physical structure similar to EPDCCH. Detailed discussion can be found in a companion paper [2]. In the solution, frequency multiplexing of non-MTC UE and Rel-13 MTC UE can be supported. Therefore, using EPDCCH and a new designed EPHICH is preferred.
Proposal #4: Some downlink physical channels need to be reviewed due to bandwidth reduction. For example, PCFICH can be eliminated, EPDCCH can be used to schedule PDSCH and PUSCH and EPHICH can be designed for Rel-13 MTC UEs.
If RF is retuned to an operation bandwidth other than centre 6PRB within the DL system bandwidth, another issue is DC subcarrier handling. In current LTE system, DL DC is not used for any transmission because the DC may coincide with the local-oscillator frequency at the base-station transmitter and/or mobile-terminal receiver, and may introduce high interference. If one MTC operation band is not located in middle 6 PRBs, the central subcarrier of the MTC operation band may be considered as normal subcarrier by eNB but as DC subcarrier by Rel-13 MTC UE, then successful data transmission will be impacted. RAN1 may need to ask RAN4’s help on DC carrier handling to see the impact of DC carrier and any solution can handle it without specification, such as ½ carrier shift as UL transmission. 
Proposal #5: Send LS to RAN4 to help to analyze DC related issued.
UL bandwidth reduction
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    (a) One PUCCH region for each MTC operation band     (b) One PUCCH region for multiple MTC operation bands
Figure 2.  Illustration of UL physical channels for Rel-13 MTC UE

Uplink physical channels may also be impacted due to UL bandwidth reduction, especially for PUCCH transmission. Current PUCCH can be reused for Rel-13 MTC UE and transmitted in the two edges of MTC operation band. However, it will result in resource fragmentation. Since PUSCH is transmitted within contiguous PRBs under SC-FDMA transmission design, the resource fragmentation caused by PUCCH for Rel-13 MTC UE may restrict PUSCH scheduling and cause some performance degradation for non-MTC UEs. When there are multiple MTC operation bands within system bandwidth to support scalable number of Rel-13 MTC UE, the performance degradation may be very serious since a group of resources within each MTC operation band cannot be used for non-MTC UEs, as illustrated in Figure 2(a). One optimization may be that there is a common PUCCH region for multiple MTC operation bands and the PUCCH region may be close to legacy PUCCH region as illustrated in Figure 2(b). This means PUCCH and PUSCH may be allocated in different MTC operation bands. Thus, retuning between resources for PUCCH and resources for PUSCH, which are 1.4MHz, needs to be considered and the retuning needs to be dynamic. As above discussion of dynamic retuning to support inter-subframe frequency hopping, retuning time determined by RAN4 may impact the implementation. Another direction is to enhance current PUCCH, e.g., remove cross-slot frequency hopping. However, PUCCH performance may be degraded due to loss of frequency diversity gain. 
Proposal #6: Further study the impact on physical channel design due to UL bandwidth reduction.

3 Conclusion

In this contribution, we discussed potential issues and possible solutions for bandwidth reduction, e.g., location of MTC operation band, number of MTC operation bands, retuning between two MTC operation bands, DL physical channels, DC subcarrier handling, UL physical channels, and so on. Based on above discussion, we had the following proposals:
Proposal #1: There is no restriction to the location of MTC operation band (i.e., 6 contiguous PRBs) and the location can be configured by eNB. 

Proposal #2: Consider to support multiple MTC operation bands at eNB both for downlink and uplink. 
Proposal #3: Send LS to RAN 4 to ask about RF retuning time. 

Proposal #4: Some downlink physical channels need to be reviewed due to bandwidth reduction. For example, PCFICH can be eliminated, EPDCCH can be used to schedule PDSCH and PUSCH and EPHICH can be designed for Rel-13 MTC UEs.
Proposal #5: Send LS to RAN4 to help to analyze DC related issued.
Proposal #6: Further study the impact on physical channel design due to UL bandwidth reduction.
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