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1 Introduction

This contribution provides a text proposal for Section 6.2 of TR 36.888, the analysis of “reduction of maximum bandwidth”.
-------------------------------------------Start text proposal----------------------------------------------------------
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6.2
Reduction of maximum bandwidth
6.2.1
Description
The maximum bandwidth supported by normal LTE UEs is 20MHz. One potential technique to reduce the UE cost is to reduce the maximum bandwidth that the UE supports from 20MHz to a lower bandwidth (e.g., 1.4MHz, 3MHz or 5MHz). The reduction of the maximum bandwidth can be applied to the downlink and/or uplink, the RF and/or baseband components, the data and/or control channels. To be more specific, the following options have been considered and evaluated, which allow the bandwidth reduction on the DL and UL to be considered separately.
· 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.
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. 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.
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 potentially allow more MTC UEs to be supported in the system. 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.
Nonetheless, the discussion in this section is restricted to the options listed above.
With reduced bandwidth, the cost of RF and baseband components can potentially be reduced. Depending on which option is assumed, the relative cost savings and the specification impact can be different.
6.2.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs) 
	Yes

	Minimum data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No (or minimal)

	eNB hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.2.2.1
Coverage analysis
Reduction of maximum bandwidth results in some degradation in the coverage for the MTC UEs compared to normal LTE UEs.

For the DL,

· PDSCH: for all three options, the coverage of PDSCH can be affected due to the loss in frequency selective scheduling gain.
· DL control channels (PCFICH/PHICH/PDCCH):

· For option DL-1 and DL-2, the performance of PCFICH/PHICH/PDCCH is expected to degrade due to the loss in frequency diversity, thus possibly reducing the coverage for these channels. Whether the coverage would degrade, or the extent of the degradation would depend on what solution is adopted for PCFICH/PHICH/PDCCH in the reduced bandwidth. Some enhancements can be considered for the new PCFICH/PHICH/PDCCH design to improve the coverage.
· For option DL-3, PCFICH/PHICH/PDCCH are still transmitted across the carrier bandwidth, thus no loss in frequency diversity. If CRS is processed in the entire carrier bandwidth, as is currently done, the performance of PCFICH/PHICH/PDCCH should remain the same. However, the coverage may be affected if CRS is processed within narrower bandwidth in PDSCH region which results in larger channel estimation error.
For the UL (option UL-1 only),

· The coverage of PUCCH is smaller due to the loss in frequency diversity.

· The coverage of PUSCH can be smaller due to the loss in frequency hopping gain or frequency selective scheduling gain.
· The coverage of PRACH is not impacted.
The coverage analysis in Section 5.2.1.2 shows that the normal LTE system is UL limited. With the degradation resulting from reduced maximum bandwidth, the coverage is still likely to be UL limited, and likely remains better than or similar as GSM/EGPRS systems.
6.2.2.2
Minimum data rate

Bandwidth reduction has no impact on the minimum data rate, in the sense that the required data rates (118.4kbps downlink and 59.2kbps uplink) can still be supported with the reduced bandwidth. Note that this assumes the reduced bandwidth is no less than 1.4MHz.
6.2.2.3
Power consumption
Reducing the maximum bandwidth provides a reduction in power consumption due to the lower baseband processing requirements in some of the components, possibly including ADC/DAC, FFT, buffering and DL/UL processing blocks. Exactly which components are affected depends on the options being chosen.
However, the reception time may become larger if the performance degradation on PDSCH results in a longer transmission time, thus possibly increasing the power consumption.
Moreover, for option UL-1, if there is performance degradation on PUCCH/PUSCH, the UE transmit power may become higher compared to normal LTE UEs, or the transmission time may become longer due to a lower instantaneous data rate. This would increase the power consumption.
6.2.2.4
Impact on specification
One potential solution to avoid any specification impact is to introduce a low bandwidth carrier (same as the bandwidth supported by MTC UEs), and all MTC UEs are served by this carrier. Carrier aggregation can be used for non-MTC UEs to utilize the bandwidth associated with the other carrier(s). The main disadvantages of this solution include:
· Inefficient use of the spectrum if there is guard band between carriers. New carrier type may be able to improve the efficiency if it is defined in a way that the guard band is not needed, but it may not be accessible to Rel-8/9/10 UEs.
· If the eNB and/or the non-MTC UEs do not support carrier aggregation, there can be UE and system performance degradation due to less bandwidth per carrier and loss of trunking efficiency.
To support the MTC UEs with reduced bandwidth in a carrier with larger bandwidth, some specification changes may be expected. Further optimization of the solutions to reduce the impact to system performance, if performed, may require additional changes to specifications.
· DL bandwidth reduction
· For all three options, specifications for PSS/SSS and PBCH are not expected to be impacted, because they are always transmitted in the innermost 1.08 MHz bandwidth.
· For all three options, specifications for SIB and paging are not expected to be impacted, because the eNB can schedule them within the reduced bandwidth. However, specifications may be impacted if any necessary change is identified in the future or further optimization is to be done.
· For all three options, PDSCH specifications are not expected to be impacted, because the eNB can schedule them within the reduced bandwidth.

· For option DL-1 and option DL-2, new designs for PCFICH/PHICH/PDCCH are needed. These channels would need to be sent within the bandwidth supported by the MTC UEs, and a common search space would also need to be defined. The corresponding PUCCH resource mapping for HARQ-ACK may also be affected. The specification impact is expected to be significant. Note that some of these aspects may be covered by the Enhanced DL control channel(s) work item [5].
· UL bandwidth reduction (option UL-1 only)
· For PUCCH, there is no strict need for specification change. The eNB could configure PUCCH to be located within the reduced bandwidth. However, it results in a few segments of frequency resources for PUSCH, separated by the PRBs used for PUCCH. Given that PUSCH for each UE has SC-FDMA transmission and needs to be allocated contiguous frequency resources, this may cause some performance degradation for non-MTC UEs.

· Specifications on SRS is not expected to be impacted, although implementation changes may be needed to handle the co-existence of SRS for the MTC and non-MTC UEs.

· Random access procedure
· This includes the preamble transmission on PRACH, Message 3 transmission on PUSCH, Message 2/4 transmissions on PDSCH, and the corresponding signalling (e.g. grants, HARQ-ACK).
· It may be possible to use an implementation solution to make the system work without specification change.

· Without any specification change, the eNB cannot differentiate the MTC and non-MTC UEs, all UEs are handled in the same manner.

· When option UL-1 is used, the eNB could configure PRACH to fall within the reduced bandwidth, and the subsequent Message 3 for all UEs could be scheduled within the reduced bandwidth.
· Message 2/4 transmissions on PDSCH for all UEs could be scheduled within the reduced bandwidth for all three DL options. Further, for option DL-1 and DL-2, the grants for Message 2/4 and HARQ-ACK for Message 3 on PHICH for all UEs would need to be duplicated to ensure that they can be received by both MTC and non-MTC UEs.
· When some of these messages are transmitted within the reduced bandwidth for all UEs, plus the possible duplication of the corresponding DL signalling, there may be some performance and capacity limitations that apply to both MTC and non-MTC UEs.
· Some specification changes may be introduced to alleviate the performance and capacity limitations.

· One possibility is to change PRACH so that the eNB can differentiate MTC and non-MTC UEs. In this case, the eNB can process the random access separately for MTC and non-MTC UEs.
In summary, minimal specification impact is expected from the combination of option DL-3 and UL-2. When option DL-3 is not used, the most significant impact is expected from the downlink control channels, while all the other channels/signals may be handled by implementation, with possible performance degradation. However, if the performance degradation is considered as so significant that further optimization is needed to improve the performance, more specification impact would be expected.
6.2.2.5
Cell spectral efficiency
For all three options for the DL, there may be some degradation in the DL cell spectral efficiency due to the loss in frequency selective scheduling gain. When the degradation exists, it is expected to be moderate. For example, one sourcing company showed that the DL spectral efficiency degrades by about 10% when the bandwidth is reduced from 20 MHz to 3 MHz.
For option UL-1, there can be some degradation in the UL cell spectral efficiency due to the loss in frequency selective scheduling gain or PUSCH frequency hopping gain.

Note that mostly only the spectral efficiency for the MTC UEs is impacted, while the spectral efficiency for the non-MTC UEs remains unaffected, or is minimally affected (e.g. the frequency fragmentation caused by PUCCH for option UL-2). Moreover, the reduced spectral efficiency is still much higher than that of GSM/EGPRS.

By reducing the maximum bandwidth, the MTC UEs can only be served within that bandwidth, thus limiting the capacity in terms of the number of MTC UEs that can be supported. Generally speaking, for the options discussed, the capacity for MTC UEs scales linearly with the maximum bandwidth supported by the MTC UEs. However, if the frequency location of different MTC UEs can be configured differently (for which the impact is not explicitly discussed in this section), no significant impact is expected on the capacity for MTC UEs. It is important to take into account the capacity and the system scalability as more MTC UEs are deployed in the future.

6.2.3
Analysis/evaluation of cost reduction
The estimated cost savings provided by the sourcing companies are summarized in Table 6.2.3. Different bandwidths were evaluated, including 1.4, 3 and 5 MHz. The options for DL and UL bandwidth reduction are also specified in the table. Option DL-1 is expected to provide larger cost savings than option DL-2, and option DL-2 is expected to provide larger cost savings than option DL-3.
The reference Category 1 UE supports the peak rate of 10 Mbps on the DL and 5 Mbps on the UL. When the bandwidth is reduced to 1.4 MHz for MTC UEs, it can no longer reach the peak rate supported by Category 1 UE. Therefore, for the cost analysis for 1.4 MHz, the corresponding peak rate reduction is also taken into account. In this case, the peak rate becomes ~4.4 Mbps on the DL and ~2.3 Mbps on the UL. However, when the reduced bandwidth is 3 MHz or higher, the peak rate remains the same as Category 1 UEs, which means there is no cost savings associated with the reduced peak rate.
Table 6.2.3 Relative cost saving estimation for the reduction of maximum bandwidth
	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

	Power amplifier
	25%-30%
	NA
	NA
	NA
	25%
	NA
	NA
	NA
	NA
	NA
	20%
	NA
	NA
	NA
	

	Filters
	5%-10%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	RF transceiver

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

	Duplexer /Switch
	15%-25%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	Other
	0%-10%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	Total of RF
	95%-110%
	9%
	0%
	0%
	7%
	0%
	0%
	0%
	0%
	0%
	17%
	0%
	0%
	0%
	

	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%
	

	Receiver processing block
	20%-35%
	70%
	70%
	35%
	NA
	
	93%
	~50%
	~50%
	~50%
	50%
	~93%
	~93%
	~50%
	

	Turbo decoding
	5%-15%
	57%
	57%
	57%
	NA
	
	56%
	~50%
	~50%
	~50%
	NA
	56%
	56%
	56%
	

	HARQ  buffer
	10%-15%
	57%
	57%
	57%
	NA
	
	56%
	94%
	94%
	94%
	NA
	56%
	56%
	56%
	

	DL control processing & decoder
	5%
	70%
	70%
	NA
	NA
	
	50%
	NA
	NA
	NA
	NA
	~50%
	~50%
	NA
	

	Synchronization / cell search block
	10%-15%
	NA
	NA
	NA
	NA
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	UL processing block
	5%-10%
	NA
	NA
	NA
	50%
	
	54%
	NA
	NA
	NA
	NA
	54%
	54%
	54%
	

	MIMO specific processing blocks
	5%-15%
	NA
	NA
	NA
	NA
	
	93%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	Other
	0%
	NA
	NA
	NA
	NA
	
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	

	Total of Baseband
	90%-110%
	56%
	52%
	22.5%
	4.7%
	77% / 38%
	70-80%
	55%
	38%
	35%
	23%
	69%
	55%
	40%
	

	Overall relative cost savings
	
	37.2%
	31.2%
	13.5%
	5.6%
	46% / 23%
	40-50%
	33%
	23%
	21%
	20%
	41%
	33%
	24%
	6-10%



The observations from these evaluation results are summarized as follows:

· Reduction of maximum bandwidth provides significant cost savings, although the exact number for the relative cost savings varies from one source to another. The cost savings are mainly due to reduced baseband processing.
· Reduction of maximum bandwidth even without lowering peak data rate (e.g. reduced bandwidth of 3 or 5 MHz) provides considerable cost savings mainly from lower complexity of FFT/IFFT and receiver processing block of baseband processing.
· Reduced bandwidth on the UL provides very small savings in the overall UE cost, because the RF component cost is not sensitive to the bandwidth, and the cost of the UL processing block is only a small portion of the total baseband cost. The cost savings come from the UL processing block, and possibly power amplifier and ADC/DAC, which is estimated to be about 5% or less of the total UE cost.
· Reduction of maximum bandwidth provides minimal or small savings for the RF components.











































































� The analysis was based on estimated component cost and not computational or memory reduction.





