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1 Introduction
In RAN #65 meeting, the new WI of further LTE Physical Layer Enhancements for MTC was approved [1], and the following capability should be supported for a new Rel-13 low complexity UE for MTC operation:
· 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, potential implementation methods for bandwidth reduction are presented considering the relationship with re-tuning time. The re-tuning time and accompanying issues related to different implementation methods are discussed further. 
2 Possible implementation methods for bandwidth reduction
The retuning time related to bandwidth reduction is tightly related to implementation method. The flow chart of DL reception is illustrated in Figure 1. As discussed during the WID drafting and shown in Figure 1, depending on from which functional block to implement DL bandwidth reduction, different implementation methods for DL bandwidth reduction would lead to different re-tuning time.
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Figure 1: The flow chart of DL reception
Implementation method 1: Bandwidth reduction by narrowband analog filter 
As shown in Figure 2, the bandwidth of received signal could be confined by a narrowband (e.g., 1.4MHz) analog filter. Thus, the sampling rate of analog to digital (A/D) converter could be reduced. Correspondingly, the processing complexity of FFT/IFFT could be reduced. 
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Figure 2: The flow chart of implementation method 1
Implementation method 2: Bandwidth reduction by narrowband digital filter
For this method, as shown in Figure 3, when a wideband DL signal is sampled by wideband A/D converter to a discrete signal, a narrowband digital filter could be applied to the discrete signal to narrow processing bandwidth of an MTC UE and reduce the processing complexity. Moreover, the processing complexity of FFT/IFFT could be reduced for this method.
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Figure 3: The flow chart of implementation method 2
3 Retuning for narrowband MTC UEs
3.1 Cases for a narrowband MTC UE to retune
If an MTC UE is restricted to transmit/receive data within a narrowband, there are multiple cases that an MTC UE needs to retune from one narrowband to another. The following lists typical retuning cases for an MTC UE.
Case a: 
If the narrowband of DL control channel is not the same as that of scheduled data transmission, an MTC UE needs to retune to the narrowband of data transmission after decoding control channel.
Case b: 
If the narrowband of common message transmission is not the same as that of dedicated DL control/data transmission, an MTC UE needs to retune back and forth between narrowband of common message transmission and narrowband of dedicated DL data/control transmission.
Case c: 
If the narrowband of UL control (PRACH and PUCCH) transmission is not the same as that of unicast UL data transmission, an MTC UE also needs to retune the corresponding narrowband according to the type of UL transmission. 
Case d: 
If the narrowband location is updated for UE’s DL/UL transmission, an MTC UE needs to retune to new narrowband.
Case e: 
If CQI reporting is supported for MTC UEs, an MTC UE may need to retune among different narrowbands to measure the channel quality.
Case f: 
Considering the narrowband reselection or handover, an MTC UE may need to retune among different narrowbands to obtain RSRP or RSRQ. 
Obviously, more cases of retuning, more considerations should be needed to implement bandwidth reduction. Therefore, the number of retuning time is vital for standardization work and implementation complexity. 
If the retuning time is larger, a guard time should be reserved to let UE make retuning, which would introduce new timing design (scheduling, feedback, measurement and data transmission) to consider all the above cases. Especially, for TDD, the timing design would be more complex. In addition, frequent retuning would increase UE’s power consumption. Moreover, the efficiency of resource utilization could be decreased due to data/control transmission cannot utilize the guard time. Further, the guard time would lead to truncated TTI, which would incur extra standardization work on data/control transmission (e.g., TBS, rate matching).
If the retuning time is equal/close to zero, no guard time is needed. An MTC UE can use the current timing relationship (except cross-subframe scheduling due to coverage enhancement). Moreover, zero retuning time may not incur extra standardization work, resource waste and increasing power consumption.
Observation 1: There are many cases for a narrowband MTC UE needs to retune. The allowed retuning time is closely related to required standardization work and implementation complexity.
3.2 Retuning time related to different implementation methods
For implementation method 1, the transfer of center frequency from one narrowband to another is dependent on the handling of analog modules. For example, the mixer module could be used to adjust the central frequency. In general, the retuning time may be on the order of hundreds of microseconds (e.g., retuning times ~350 microseconds can be typical). 
For implementation method 2, the transfer of center frequency from one narrowband to another is dependent on the processing speed of digital filter and down-sampling rate. As the processing on discrete signal is faster than that of analog signal, the retuning time of method 2 can be close to zero. 
Observation 2: Implementation method 1 has the largest retuning time of several hundred microseconds, while implementation method 2 has close to zero retuning time.
The WID makes clear that the allowed retuning time(s) which need specification support will be determined by RAN4. It would be safe then for RAN1 to make a working assumption that fast retuning is needed, and work further on retuning after RAN4 feedback is received, since RAN1 has much other work to progress.

Proposal 1: RAN1 to make a working assumption on the re-tuning time requirement of ~0 ms.
This would also allow RAN1 to begin any work that is common between the different requirements that RAN4 might inform of, and this mitigates the risk of not finishing the more extensive work needed specifically to support longer retuning times. 
4 The impacts of different implementation methods
As mentioned in section 3, the retuning time is very important to implement bandwidth reduction, and it is also various for different implementation methods. In this section, the impacts of different implementation methods are further analyzed from aspects of DC, power consumption, resource allocation and specification.
4.1 DC sub-carrier
For implementation method 1, one or several sub-carriers could be reserved for the DC sub-carrier of DL MTC narrowbands. The location of DC sub-carrier should be determined to comply with certain conditions. For example, according to the TS 36.104, the frequency of DC sub-carrier should be on the integral multiple of 100 KHz [2]. To keep the orthogonality of different sub-carriers, there should have integral multiple of 15 KHz subcarrier between the DC sub-carrier of one MTC narrowband and the DC sub-carrier of the legacy carrier. Obviously, the above conditions on DC sub-carrier could have impacts on available number of narrowband and the location of narrowband. 
For implementation methods 2, as the analog filter is wideband, there is no need to define new DC sub-carrier for each narrowband. Thereby, there is no restriction on the location of narrowband. 
4.2 Power consumption
Due to large retuning time is needed for implementation method 1, frequent retuning would increase power consumption to some extent. Certainly, the power consumption on A/D converter and FFT/IFFT could be saved for implementation method 1. Therefore, the overall power consumption for implementation method 1 needs further evaluation.
Similarly, for implementation method 2, no extra power consumption due to zero retuning time. However, the power consumption on A/D converter and/or FFT/IFFT could be higher than that of 
method 1. Therefore, compared to the power consumption of method 1, the power consumption loss or gain for implementation method 2 needs further analysis.
4.3 Specification impact
As analyzed in section 3, significant specification impact would be needed for large retuning time. Therefore, the implementation method 1 may introduce substantial specification impact compared to that of implementation method 2. Moreover, the DC sub-carrier issue may also introduce extra specification impact for implementation method 1.
Other than re-tuning time, bandwidth reduction will have specification work for other aspects, e.g. developing EPDCCH common search space. However, as retuning is used the MTC UE can obtain synchronization and system information via by detecting legacy PSS/SSS and PBCH within the central 6PRBs. 
Table 1 below summarizes the impacts of different implementation methods, and the following preliminary observation and proposals are given to help establish the starting point of bandwidth reduction.
Table 1: Impacts of different implementation methods related to bandwidth reduction 
	
	Implementation method 1: narrowband analog Filter
	Implementation method 2: narrowband digital filter

	Retuning time
	[~350 μs]
	~ 0 μs

	DC sub-carrier issue and restriction on narrowband resource
	Yes
	No

	Power consumption
	FFS
	FFS

	Restriction on resource allocation
	Yes
	Yes

	Spec impact
	Large
	Small


Proposal 2: The impact of DC subcarriers should be further identified to evaluate the specification impact before to determine which implementation method is supported for DL bandwidth reduction.
5 Conclusion
In this contribution, different implementation methods related to bandwidth reduction are proposed considering the impact of re-tuning time, and following observation and proposals are given.
Observation 1: There are many cases for a narrowband MTC UE needs to retune. The allowed retuning time is closely related to standardization work and implementation complexity.
Observation 2: Implementation method 1 has the largest retuning time of several hundred microseconds, while implementation method 2 has close to zero retuning time
Proposal 1: RAN1 to make a working assumption on the re-tuning time requirement of ~0 ms.
Proposal 2: The impact of DC subcarriers should be further identified to evaluate the specification impact before to determine which implementation method is supported for DL bandwidth reduction.
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