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1 Introduction
In RAN1 #78bis meeting, bandwidth reduction of 1.4MHz has been prioritized as the most important complexity reduction technique for Rel-13 MTC UEs [1]:  

Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.

In this contribution, consideration on bandwidth reduction for Rel-13 MTC UE is discussed including retuning time and DC carrier issues. 
2 Consideration on Bandwidth Reduction 
Two implementation methods to achieve bandwidth reduction for Rel-13 MTC are discussed in [2]:
Implementation method #1: Bandwidth reduction by narrowband analog filter 
Implementation method #2: Bandwidth reduction by narrowband digital filter
Cost Saving
Compared with method #2, method #1 can provide both about 5% of RF cost saving and ~93% of ADC/DAC cost saving (10% of baseband cost), where the total cost saving difference is about 5%×0.4/2 + 93%×10%×0.6/2 = 3.79% (of category 1) combining with the cost saving from single Rx. That is about 7.58% cost saving of category 0 UE (assuming Category 0 UE has 50% cost category 1 UE). If assuming Rel-13 MTC UE can achieve 25% cost of category 1 UE, the difference of cost saving between method #1 and method #2 is about 15%.
Observation #1: There is about 3.79% cost saving difference of UE category 1 (7.58% of UE category 0) between bandwidth reduction by narrowband analogy filter (method #1) and digital filter (method #2).   
Power Consumption
Power consumption is another important aspect for MTC device. If reducing 20MHz bandwidth to 1.4MHz bandwidth, both RF and baseband can be benefited in power consumption. About 10% saving on RF current is expected and some power saving on ADC is expected since the sampling rate is much lower with a narrowband analog filter (method #1). Although narrowband analog filter needs retuning time to support frequency, no more power consumption increasing is expected.
Observation #2: More power consumption saving is expected with a narrow band analog filter (method #1) than a narrow band digital filter (method #2).
DC subcarrier issue
DC subcarrier issue has been discussed in the case of asymmetric intra-band CA, wherein UE implementation is agreed to handle the issue. For example, one implementation may be that the DC subcarrier is directly dropped without any UE complexity and the performance has some degradation. Another implementation may be that a ½ subcarrier shift is used for UE reception. Since DL transmission is based on OFDMA instead of SC-FDMA, interference leakage of DC subcarrier may degrade the performance. RAN4 can evaluate possible performance degradation to handle the DC sub-carrier issue without any RAN1 specification impact. 
Observation #3: DC sub-carrier issue can be handled by UE implementation and no RAN 1 specification impact is expected for both methods.
Retuning time and specification impact
For both method #1 and method #2, in order to achieve cost saving from FFT size, continuous PRBs are required. That is, only localized resource allocation can be supported for both method #1 and method #2. Some of the wide band physical channels need to be redesign or eliminated for both method #1 and method #2, for example, PDCCH, PHICH, and PCFICH. Moreover, the performance degradation of downlink physical is expected due to the loss of frequency diversity gain. Therefore, for both of the two methods there may be some coverage issue for common message, such as SIBs, Paging, and RAR. 
For uplink, frequency hopping can be easily implemented for PUSCH and legacy PUCCH can be used if keep wideband RF. With a narrowband analogy filter, frequency retuning is needed if want to obtain frequency hopping gain for PUSCH. About 150μs ~350μs is needed for RF retuning [2]-[3]. Some performance loss of PUCCH is expected within a narrow band RF sub-system comparing with a wideband system. 
UE needs to know the “sub-band” location for both of the two methods since for method #2 UE needs to know the frequency location for the digital filter. Some specification impacts are expected to configure the location for UE to receive or transmit on.
Observation #4: For both of the two methods, some downlink physical channels needs to be redesigned or eliminated. Some performance loss of PUCCH and PUSCH are expected for method #1.
Table 1 summarized the comparisons of the two methods, based on the above analysis and observations, it is proposed that:
Proposal #1: Take RF reduction to 1.4MHz bandwidth as a working assumption and send RAN4 an LS to specify the RF retuning time, with the observations and considerations from RAN1 as a reference. Ask RAN 4 to confirm the DC subcarrier issue can be handled by UE implementation.
Table 1 Summary of comparison of two methods
	
	Method #1
	Method #2

	Retuning time
	150μs ~350μs
	 0 μs

	DC subcarrier issue
	No (can be handled by UE implementation)
	No

	Power consumption
	Power consumption saving is expected in both RF and BB with a lower sampling rate
	No power consumption saving

	Cost saving
	~3.79% addition cost saving of category 1 UE
	No additional cost saving

	Specification impact and performance impact
	· Redesign/elimination of PDCCH, PHICH, PCFICH
· Performance loss of some DL channels/message due to the loss of frequency diversity

· Performance loss of PUCCH and PUSCH due to the loss of frequency hopping if no specification change
	· Redesign/elimination of PDCCH, PHICH, PCFICH

· Performance loss of some DL channels/message due to the loss of frequency diversity
· No performance loss of PUCCH and PUSCH


3 Conclusion

In this contribution, we compared two potential implementation methods to support bandwidth reduction for Rel-13 MTC. The following observations are made:
Observation #1: There is about 3.79% cost saving difference of UE category 1 (7.58% of UE category 0) between bandwidth reduction by narrowband analogy filter (method #1) and digital filter (method #2).   
Observation #2: More power consumption saving is expected with a narrow band analog filter (method #1) than a narrow band digital filter (method #2).

Observation #3: DC sub-carrier issue can be handled by UE implementation and no RAN 1 specification impact is expected for both methods.
Observation #4: For both of the two methods, some downlink physical channels needs to be redesigned or eliminated. Some performance loss of PUCCH is expected for method #1.

Based on the observations, it is proposed that:

Proposal #1: Take RF reduction to 1.4MHz bandwidth as a working assumption and send RAN4 an LS to specify the RF retuning time, with the observations and considerations from RAN1 as a reference. Ask RAN 4 to confirm the DC subcarrier issue can be handled by UE implementation.
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