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1. Introduction
Text proposal on reduction of maximum bandwidth for section 6.2 of TR36.888 has been agreed in R1-120909 [3]. However, it seems that companies have different understandings of the motivations behind the three DL options, and thus different cost savings. This contribution tries to clarify the difference of various options. It is suggested to capture the difference between options in the TR and thus the incremental saving can converge.
2. Discussion on Current Description in the TP 
We see the following aspects that can be further elaborated in the TR:

1. Difference between DL-1/2/3 and their motivations
2. Cost difference accordingly 

3. Consideration of different DL options in together with UL options

The current TP described the DL and UL options as follows:
· DL

· Option DL-1: Reduced bandwidth for both RF and baseband
· Option DL-2: Reduced bandwidth for baseband only for both data channel and control channels
· Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still allowed to use the carrier bandwidth
· UL

· Option UL-1: Reduced bandwidth for both RF and baseband

· Option UL-2: No bandwidth reduction

· This option does not have any impact on coverage, power consumption, specifications, performance, and UE cost.

Our further understanding/clarification is:
· Option DL-1: 

· RF: Front End (FE) is tuned to the narrowband of interest. UE needs to retune if the location of the BW of interest changes. The location must be known prior to any change which can be predefined or signaled, either semi-statically or dynamically, in some control messages prior to retuning.

· BB: The sampling rate is reduced in proportion to the BW. Both ADC and FFT will operate at a lower sampling rate. 

· When combined with UL-1 in which case RF bandwidth in the FE will be the same for DL and UL, DAC and IFFT also operates at a lower sampling rate. Cases with different DL and UL bandwidth (e.g., DL-1 with UL-2) requires different sampling rates and thus more detailed analysis on any justification of a difference ADC and DAC and a different FFT and IFFT. 
· Option DL-2 (in comparison with DL-1):    

· RF difference between DL-2 and DL-1 is on the bandwidth support of analog receive filtering (wideband versus reduced band). Multiple filters can be involved to achieve the desired bandwidth, including filters, transceivers, and duplexer/switch.

· BB ADC: Given the reduced BW for both data and control, technically a lower DL sampling rate is also possible, same as DL-1. But the RF signal entering ADC is wideband, in order to use a narrow band ADC, some analog filter before ADC must be applied to filter out the unwanted signal before digital conversion. Hence, it is more reasonable to make the ADC the same bandwidth as RF FE (which is wideband in DL-2). In this case, there is no cost saving for DL-2 on ADC/DAC.     
· BB FFT: After ADC, there are two possible processing: down-sample and take a reduced sized FFT or take a full-size FFT. At this point, we need to discuss the motivation of DL-2 versus DL-1. 

· While DL-1 needs RF retuning to receive different narrow band location, DL-2 can more easily change the received narrow band in the digital domain.

· If a full-size FFT is taken in DL-2, the MTC device can even support non-contiguous sub-band reception as long as the total BW is still reduced and the OFDM subcarriers are known.   Such flexibility will not only make it possible to exploit frequency diversity gain for both data and control, but also potentially more compatible with a distributed ePDCCH. On the other hand, reduced-size FFT on down-sampled data will limit to contiguous blocks of subcarriers (i.e., will lose any frequency diversity). Digital filtering before down-sampling is also required if the narrow band is not at the center of the band. Therefore, our view is to assume baseline DL-2 to have full-size FFT. In this case, there is no cost saving for DL-2 on FFT/IFFT.
· Combined with UL-2, in which case full-band RF bandwidth in the FE is the same for DL and UL, ADC/DAC and FFT/IFFT will operate at normal sampling rate. 
· Option DL-3 (in comparison with DL-2)

· The main motivation of DL-3 is to be able to use the legacy control channels, while DL-2 requires the control channel to be narrow band (e.g., ePDCCH). 

· If MTC devices know the PDSCH location and maximal size, cost saving on the post-FFT data buffering after legacy PDCCH can still be achieved, even though less data buffering is required in DL-2 if both data and control are limited to known location and size. If there is no PDSCH location constraint (i.e., dynamic PDSCH allocation), even though the MTC device does not expect certain high TBSs or reduced PRBs (i.e., technique-1 and 2 described in the peak rate reduction section), it will still need to buffer data for the entire bandwidth.   Therefore in our view, the key difference in cost saving between DL-3 and DL-2 should be in post-FFT data buffering. 
3. Proposal of Revised Description
Based on the above understanding, we proposed the following revisions: 
For all these options, the reduced bandwidth is assumed to be no less than 1.4MHz, and the frequency location of the reduced bandwidth is assumed to be fixed at the center of the carrier bandwidth known to the MTC device before storing and processing the received signals within the reduced bandwidth. Under this assumption which potential cost saving will depend on, the frequency location of the reduced bandwidth may change semi-statically, dynamically, or in a pre-defined pattern. Technically, any combination of the DL and UL options is possible. However, some of the combinations may make more practical sense. For example, DL-2 would be a more natural choice than DL-1 when combined with UL-2.
For DL-1, MTC devices need to retune the RF to the reduced bandwidth and the frequency location whenever there is any change. Compared to DL-1, DL-2 can more easily change the location and size of the reduced bandwidth in the digital domain. The signal entering ADC is wideband in DL-2 even though the signal of interest is still within a reduced bandwidth. If no analog filtering before ADC is applied to filter out the unwanted signal before digital conversion, it is more reasonable to assume the ADC to have the same wideband support as RF.  Also for DL-2, it is even possible to support non-contiguous reduced bandwidth reception, for the benefit of frequency diversity, as long as the total BW is reduced and the frequency locations of interested OFDM subcarriers are known. A full-length FFT is also required in this case, compared to using down-sampling followed by a reduced-length FFT which will limit the reduced bandwidth to be contiguous and at the band center. 

Compared with DL-2, DL-3 allows the use of legacy wideband control channels. For both DL-2 and DL-3, not confining reduced bandwidth to be the center of the wideband could potentially allow more MTC UEs to be supported in the system.  Similar to DL-2, known frequency location of the data channel, before data storing and processing, allows cost saving on post-FFT data buffering even if the location may change semi-statically, dynamically, or in a pre-defined pattern for each UE. Note that this is not intended to be an exhaustive list of the possible options. Some interesting variations of these options could allow the frequency location of the reduced bandwidth to be changed semi-statically, dynamically, or in a pre-defined pattern for each UE. Some of these variations could. Taking the extension of DL-3 as an example,

· If the frequency location of the data channel is semi-statically configured, it is expected to provide the same cost saving as DL-3, with some additional specification impact.

· If the frequency location of the data channel is dynamically changed using grants, it would be the same as one of the techniques for reduced peak rate, restricting the number of PRBs, as discussed in Section 6.4.
Note that this is not intended to be an exhaustive list of the possible options. But the discussion in this section is focused on the options as described above. Nonetheless, the discussion in this section is restricted to the options listed above.
4. Analysis/evaluation of cost reduction 
Based on the incremental difference between DL-1/2/3, we should focus on the following aspects:
· Is there any RF saving if tuned to a reduced BW in DL-1, in comparison with DL-2 that is wideband RF?

	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Source
1
	Source
2
	Source

3
	Source
4
	Source
5
	Source
6
	Source
7

	Reduced bandwidth (MHz)
	
	1.4
	1.4
	1.4
	1.4
	1.4 / 5
	1.4
	1.4
	1.4
	1.4
	3
	1.4
	1.4
	1.4
	5

	Option
	
	DL-1
	DL-2
	DL-3 
	UL-1
	DL-1

UL-1
	DL-1

UL-1
	DL-1

UL-1
	DL-2
UL-2
	DL-3
UL-2
	DL-1

UL-1
	DL-1

UL-1
	DL-2
UL-1
	DL-3
UL-1
	DL-1

UL-1

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	20%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	30%
	NA
	NA
	NA
	


· We can see from the above table pasted from the approved TP that only one source indicated a 20% saving for DL-1. Further investigation with the help of RAN4 might be needed.
· Can we agree that there is no cost saving for DL-2 and DL-3 on ADC/DAC and FFT/IFFT? 
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Source
1
	Source
2
	Source

3
	Source
4
	Source
5
	Source
6
	Source
7

	Reduced bandwidth (MHz)
	
	1.4
	1.4
	1.4
	1.4
	1.4 / 5
	1.4
	1.4
	1.4
	1.4
	3
	1.4
	1.4
	1.4
	5

	Option
	
	DL-1
	DL-2
	DL-3 
	UL-1
	DL-1

UL-1
	DL-1

UL-1
	DL-1

UL-1
	DL-2
UL-2
	DL-3
UL-2
	DL-1

UL-1
	DL-1

UL-1
	DL-2
UL-1
	DL-3
UL-1
	DL-1

UL-1

	Baseband

	ADC / DAC 
	10%
	40%
	NA
	NA
	10%
	
	93%
	94%
	NA
	NA
	NA
	93%
	NA
	NA
	

	FFT/IFFT
	5%
	93%
	93%
	NA
	NA
	
	96%
	96%
	NA
	NA
	80%
	96%
	NA
	NA
	

	Post-FFT data buffering
	10%-15%
	93%
	93%
	0%
	NA
	
	93%
	94%
	94%
	74%
	NA
	93%
	93%
	73%
	


· Seems agreeable for ADC/DAC
· But for FFT/IFFT, one source indicated a reduced size FFT is used for DL-2. 

· What is the cost saving on post-FFT data buffer for DL-3 (versus DL-2)?

· Again, one source indicated no saving for DL-3.

· Other components:

· Receiver processing should have the same saving for DL-1/2/3. Same for Turbo decoding

· HARQ buffer saving depends on TBS, same for DL-1/2/3. Note that we should not double count the saving if we combined reduced BW and peak rate reduction.

· DL control processing: No saving for DL-3. Too early to see the cost difference for a narrow band control channel like ePDCCH.

The cost saving table should be consistent once a common understanding is reached. With the above clarification from our perspective, we see the cost saving comparison for DL-1 /2/3 as:

	Option
Average cost saving
	DL-1 
	DL-2 
	DL-3 

	Mean
	~39%
	~30% (note-1)
	~28.5% (note-2)


 Note-1: DL-2 differs from DL-1 in terms of ADC/DAC (no saving in DL-2) and FFT/IFFT (no saving in DL-2), which can be a difference of (94% × 10% + 96% × 5%) × 60%=8.5%.
Note-2: DL-3 differs from DL-2 only in terms of post-FFT buffering. DL-3 needs to buffer the entire band during PDCCH (3 symbols assumed), which represents a cost difference to DL-2 of (94%-74%) × 10-15% × 60%= 1.2-1.8%

5. Conclusion 
In this contribution, we present more detailed analysis on reduced bandwidth. We propose to improve the following aspects that can be further elaborated in the TR:

1. Difference between DL-1/2/3 and their motivations

· See proposed revised text in section 3.

2. Cost difference accordingly 

· Revise the cost analysis from companies based on a common understanding of DL-1/2/3

· Adopt the following cost analysis if the clarification in revised TP above is agreeable:

	Option
Average cost saving
	DL-1 
	DL-2 
	DL-3 

	Mean
	~39%
	~30% (note-1)
	~28.5% (note-2)


Note-1: DL-2 differs from DL-1 in terms of ADC/DAC (no saving in DL-2) and FFT/IFFT (no saving in DL-2), which can be a difference of (94% × 10% + 96% × 5%) × 60%=8.5%.

Note-2: DL-3 differs from DL-2 only in terms of post-FFT buffering. DL-3 needs to buffer the entire band during PDCCH (3 symbols assumed), which represents a cost difference to DL-2 of (94%-74%) × 10-15% × 60%= 1.2-1.8%
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