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1. Introduction
Motivated by the goal of avoiding, in the future, the need to maintain a separate GSM/GPRS network just for MTC devices, the study item of provisioning of low-cost MTC UEs based on LTE was proposed and approved [1]. The most important factor for the business success of LTE based MTC is obviously cost if satisfactory coverage & power consumption can be ensured as well.  
In the last RAN1 #67 meeting, it was agreed that the cost reference for low cost MTC devices will be a single band, single RAT, Cat-1 UE, and operating on a 20 MHz carrier. Also, the following techniques have been identified for further analysis:
· Reduction of maximum bandwidth
· Single receive RF chain
· Reduction of peak rate
· Reduction of transmit power
· Half duplex operation
A tabulated analysis of most of the proposed techniques can be found in [4]. In this contribution, we present more detailed analysis on reduction of maximum bandwidth. We follow the structure of the TR section 6 so that most of the text in all the sections can be considered as text proposal.

---------------------------Text Proposal Start (other than the text in brackets) ------------------------------------

2. Description
Reduction of maximum bandwidth is a technique to achieve cost saving by not requiring the MTC devices to receive and transmit on the whole system bandwidth (e.g., 20MHz). 
The MTC UE’s capability of supporting only narrowband reception and transmission could attribute to either RF capability or baseband (BB) capability, or both. Hence, there are two possible techniques that have different system impact and different level of cost saving:
· Option-1: UE can only transmit and receive on a smaller contiguous bandwidth in both RF and BB at all time. For example, a MTC UE can only support 6 PRB (i.e., 1.4MHz). Expected cost saving in this case is coming from A/D conversion and basedband front-end filtering that may operate at a lower sampling rate, FFT/IFFT size reduction, data (subframe) buffer reduction, reduced demod processing, and so on, especially from components that can scale with bandwidth and/or sampling rate.
· Option-2: RF can support full band, but BB has limitation. For example, MTC UE can process PDCCH control region the same way as in Rel-8, but can only receive PDSCH from a total of 6 PRBs (contiguous or distributed) at pre-known resource location.   Expected cost saving in this case will mainly come from data buffering and demod processing reduction. Other parts of BB processing like AD conversion and FFT/IFFT must have full bandwidth support, and thus cannot achieve any saving. 

It is necessary to understand the tradeoff between the two options, where the tradeoff is between cost saving and system impact/complexity, as discussed in the following sections. 

3. Analysis/evaluation of performance against requirements
An analysis of the two options against system requirements is provided in this section. The analysis is to be considered in combination with the cost analysis:
Table 1. Impact of reduced maximum bandwidth support
	Metric
	Option-1: Impact (Yes/No)
	Option-2: Impact (Yes/No)

	Coverage same as GSM/EGPRS [and legacy LTE]
	Yes
	No

	Minimum Data rate
	No
	No

	Power consumption
	Yes
	Yes

	Impact to non-MTC UE
	Yes
	No

	eNB Hardware impact
	No
	No

	Impact on specification
	Yes (significant)
	No (or minimal)

	Cell spectral efficiency
	No
	No

	…..
	
	

	……
	
	



[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]
3.1. Coverage Analysis
Note from the coverage requirement in [1],
· Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.
the coverage goal not only is expected to be at least comparable to that of GPRS/GSM, but also should be at least the same as legacy LTE.

The main difference between the two options, in terms of coverage impact is captured in the table below:

Table 2. Coverage analysis of reduced maximum bandwidth support
	
	Option-1
	Option-2

	Coverage Analysis
	Expect degradation due to reduced frequency diversity for PDCCH/PCFICH/PHIGH (FFS)
	Same as legacy



3.2. Power Consumption 
Requirement for power consumption in [1] states:
· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.
The main difference between the two options, in terms of coverage impact is captured in the table below:

Table 3. Power consumption analysis of reduced maximum bandwidth support
	
	Option-1
	Option-2

	Power Consumption
	Compared to option-2, additional saving from FFT/IFFT size reduction, A/D, and BB front-end filtering, thanks to reduced sampling rate
	Reduced BB processing will translate into some power consumption saving compared to “normal LTE” device


3.3. Specification Impact 
The two options have very different impact on specification, as described in the table below. 
Table 4. Sepcification impact of reduced maximum bandwidth support
	
	Option-1
	Option-2

	PDCCH
	New design required (e.g., ePDCCH based) since MTC UE cannot receive all subcarriers
	No change (same as Rel-8)

	PCFICH & PHICH
	New design needed
	No change

	PSS/SSS
	No change
	No change

	PDSCH
	Limited to narrow band  
	Limited by allocation size (# of PRBs)

	   MIB, SIB1
	No change
	No change

	   SIBx>=2  & paging
	Limited to narrow band  
	Limited by allocation size (# of PRBs)

	PUSCH
	Limited to narrow band  
	Limited to narrow band  

	PUCCH
	New design (Limited to narrow band)  
	No change  



It is noted that the biggest difference between the two options are in control channel (DL & UL).

[Proposal:
· Both options (i.e., MTC UE may or may not be able to receive legacy PDCCH)  can be studied further, especially since specification impact is expected in Rel-11 due to ePDCCH support. 
]
3.4. Impact on non-MTC UE
Impact to non-MTC UE may be indirect most of the time. For example, 
· The scheduling limitation of MTC UE (PDSCH, PUSCH) affects the efficiency when multiplexing non-MTC UEs and MTC UEs 
· New control channel required for MTC UE may affect the efficiency of the legacy control channel
In some cases, there may be direct impact to non-MTC UE, as captured below.  
Table 5. Non-MTC UE impact of reduced maximum bandwidth support
	
	Option-1
	Option-2

	Non-MTC UE Impact (Direct)
	Narrow-band PUSCH transmission may interfere with non-MTC PUSCH on edge subcarriers due to spectral re-growth of MTC UE transmission
	No impact




4. [bookmark: OLE_LINK25][bookmark: OLE_LINK8]Analysis/evaluation of cost reduction  
The main objective/requirement of the current study item is still cost reduction, i.e. [1], 

To understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market

Quantitative cost analysis for different proposed technique is conducted based on the percentage cost of related cost drivers (e.g., [3]). In particular, the cost drivers are listed according to functional blocks, each with a percentage cost value with respect to RF or baseband portion. Functional blocks whose cost will likely scale with bandwidth (i.e., sampling rate) or data rate are listed separately, thus the cost reduction due to change in bandwidth support and/or data rate can be accounted for more easily in overall cost saving analysis. In order to understand the overall contribution to cost reduction from a technique, especially in combination with other cost reduction techniques, it should be noted that the relative percentage savings of each different technique are multiplicative.      

A list of potentially affected cost areas is captured in the table below: 

Table 6. Cost areas & analysis from reduced maximum bandwidth support
	
	Option-1
	Option-2

	RF
	No or minimal saving
	No 

	BB 
	
	

	       AD, D/A
	Proportional to BW reduction (e.g., 94% from 20MHz (100PRB)  1.4MHz (6PRB))
	No saving

	       FFT/IFFT size
	Proportional to Nlog(N) (e.g., 96% from N=2048N=128)  
	No saving

	       Data buffering  
	Proportional to BW reduction (e.g., 94%)
	Reduced saving (e.g., 74% if buffer first 3 symbols and then 6 PRB after that)

	       Receiver processing & demod    (CE & LLR computation)
	Proportional to BW reduction, i.e., # of data REs (e.g., 94%)
	Same as option-1

	       Turbo decoding
	Saving counted in reduced peak rate instead
	Same as option-1

	       HARQ buffer
	Saving counted in reduced peak rate instead
	Same as option-1




[Our observation: 
· Total cost saving: 33% (option-1) versus 14-21% (option-2, variation depends on data buffering requirement)
· Reduction in cost saving for option-2, compared to option-1, is meaningful unfortunately.
]
---------------------------Text Proposal Ends ------------------------------------

5. Conclusion 
In this contribution, we present our analysis on reduction of maximum bandwidth on. We follow the structure of the TR section 6 so that most of the text in all the sections can be considered as text proposal.

The MTC UE’s capability of supporting only narrowband reception and transmission could attribute to either RF capability or baseband (BB) capability, or both. Hence, there are two possible techniques that have different system impact and different level of cost saving:
· Option-1: UE can only transmit and receive on a smaller contiguous bandwidth in both RF and BB at all time. For example, a MTC UE can only support 6 PRB (i.e., 1.4MHz). Expected cost saving in this case is coming from A/D conversion and basedband front-end filtering that may operate at a lower sampling rate, FFT/IFFT size reduction, data (subframe) buffer reduction, reduced demod processing, and so on, especially from components that can scale with bandwidth and/or sampling rate.
· Option-2: RF can support full band, but BB has limitation. For example, MTC UE can process PDCCH control region the same way as in Rel-8, but can only receive PDSCH from a total of 6 PRBs (contiguous or distributed) at pre-known resource location.   Expected cost saving in this case will mainly come from data buffering and demod processing reduction. Other parts of BB processing like AD conversion and FFT/IFFT must have full bandwidth support, and thus cannot achieve any saving. 

We propose: 
· Consider texts in all the sections as text proposal  (other than the texts in brackets)
· Both options (i.e., MTC UE may or may not be able to receive legacy PDCCH) can be studied further, especially since specification impact is expected in Rel-11 due to ePDCCH support. 
· Note the total cost saving: 33% (option-1) versus 14-21% (option-2, where variation depends on data buffering requirement)
· Reduction in cost saving for option-2, compared to option-1, is meaningful unfortunately
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