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1 Introduction

The Study Item of Provision of low-end MTC UEs based on LTE was approved in RAN#53 [1]. The UE cost can be affected by multiple aspects, and many companies consider the bandwidth reduction as a potential technique of cost saving. Several DL and UL bandwidth reduction solutions had been proposed and analysed in [2]. Unfortunately, it is difficult to directly draw a conclusion from [2] because the individual source estimates varied in assumption (such as bandwidth) and adherence to the agreed recommended estimation procedure, and not every company evaluated each option or provided separate estimates for DL and UL savings. 
In this contribution, further analysis and comparison from cost saving, performance impact and specification impact points of view related to different DL and UL bandwidth reduction solutions (and combinations of DL and UL solutions) are presented, and a preferable bandwidth reduction scheme is given to consider the above aspects.
2 Options for DL bandwidth reduction

Three options for DL bandwidth reduction have been considered, which allow the bandwidth reduction on the RF and/or baseband components, the data and/or control channels. The style (fixed, semi-static, pre-defined and dynamic) of acquiring the narrowband frequency location impacts the cost saving, performance analysis and specification change of each option. 
In the following, the cost saving, performance impact and standard impact of each option will be analyzed with respect to the style of acquiring the narrowband frequency location.
2.1 Option DL-1: Reduce the bandwidth for both RF and baseband 
1) The narrowband frequency location is fixed

In this case, the location of reduced RF and baseband bandwidth is fixed on the full bandwidth for all the MTC UEs, and the most cost reduction (as shown in Table 3 in the Appendix, about 33.5% - 46.2% cost saving for the 1.4MHz reduced bandwidth based on the average of available individual sources in [2]) can be obtained.  
However, since all the MTC UEs can only be scheduled on the fixed narrowband frequency resource, the number of MTC UEs served may be largely limited to some extent. 

Moreover, a coverage loss for DL control channels (CCHs) and PDSCH may arise for MTC UEs due to the loss in frequency diversity gain and frequency selective scheduling gain, and the spectrum efficiency may also be decreased accordingly.
For the standard impact, option DL-1 needs to design new CCHs as the legacy DL CCHs span full bandwidth. 
2) The narrowband frequency location is semi-statically configured via high layer signalling

In this case, the frequency location of narrowband is semi-statically configured via high layer signalling, such as RRC configuration to the MTC UE. 
A similar RF and baseband cost saving can be obtained as in the case of fixed narrowband frequency location. However, the MTC UE may have to tune its RF onto the configured RF bandwidth. As a result, problems such as tuning delay, DC processing and implementation complexity may be introduced.
Furthermore, all the MTC UEs can be configured in a distributed manner, and the number of MTC UEs served can be increased compared to the case of fixed narrowband frequency location. 

However, the issues of coverage loss for CCHs and PDSCH and a new design for CCHs may also exist similar to the case of fixed narrowband frequency location. 

3) The narrowband frequency location is pre-defined via hopping pattern

In this case, the same cost saving as in the case of fixed narrowband frequency location can be obtained, and the RF tuning issue is the same as the case of semi-static narrowband frequency location.

The coverage loss for CCHs and PDSCH may be alleviated due to the randomized frequency selectivity or interference coordination gain. 
Similar to the case of fixed narrowband frequency location, a new design of CCHs is also needed. 
4) The narrowband frequency location is dynamically scheduled

In order to achieve dynamic scheduling for option DL-1, the scheduling timing between DL CCHs and DL data channel may be changed. As a result, the dynamic scheduling of frequency location may not be suitable to option DL-1.
2.2 Option DL-2: Reduce the bandwidth for baseband only for both data channel and control channels
Compared to option DL-1, option DL-2 excludes the benefits of bandwidth reduction in the RF, so it has slightly less cost saving than option DL-1. However, this option can avoid the RF tuning issues incurred by reducing the RF bandwidth.

1) The narrowband frequency location is fixed

In this case, the cost saving only comes from the bandwidth reduction of baseband, as shown in Table 3, about 22% - 36.5% cost saving for the 1.4MHz reduced bandwidth based on the average of available individual sources in [2] can be obtained. 
The issues of the number of MTC UEs, the coverage loss for DL CCHs and PDSCH, and the new design of CCHs also exist similar to the case of fixed narrowband frequency location of option DL-1.
2) The narrowband frequency location is semi-statically configured via high layer signalling

The cost saving is the same as the case of fixed narrowband frequency location of option DL-2.
The issues of coverage loss for the DL CCHs and PDSCH, and the new design of CCHs are similar to the case of semi-statically configured narrowband frequency location of option DL-1.
However, option DL-2 can avoid the RF tuning issues incurred by reducing the RF bandwidth.

3) The narrowband frequency location is pre-defined via hopping pattern

The cost saving is the same as the case of fixed narrowband frequency location of option DL-2.

The coverage loss for DL CCHs and PDSCH may be alleviated due to randomized frequency selectivity or interference coordination gain. 

Similar to the case of fixed narrowband frequency location, a new design of CCHs is also needed. 

4) The narrowband frequency location is dynamically scheduled

Similar to the case of dynamic narrowband frequency location of option DL-1, dynamic scheduling of frequency location may not be suitable to option DL-2.
2.3 Option DL-3: Reduce the bandwidth only for data channel, while the control channels are still allowed to use the carrier bandwidth.
1) The narrowband frequency location is fixed

For option DL-3, RF will operate in full band, so the RF cost saving cannot be obtained. However, compared to option DL-2, MTC UEs have to receive control channels on the full bandwidth, which may increase buffer size and processing complexity for control channel decoding. As shown in Table 3, about 14.1% - 25% cost saving for the 1.4MHz reduced bandwidth based on the average of available individual sources in [2] can be obtained.
The issues of the number of MTC UEs and the coverage loss for the PDSCH are the similar to the case of fixed narrowband frequency location of option DL-1.
For option DL-3, the legacy PDCCH can be used for MTC UEs, and there will have no specification change for DL CCHs. However, if the data resource scheduling via legacy PDCCH is limited to a fixed frequency location, the dynamic scheduling flexibility of legacy PDCCH is lost.

2) The narrowband frequency location is semi-statically configured via high layer signalling

The cost saving is the same as the case of fixed narrowband frequency location of option DL-3.

The issue of coverage loss for the PDSCH is the similar to the case of semi-statically configured narrowband frequency location of option DL-1.
Moreover, option DL-3 can also avoid the RF tuning issues incurred by reducing the RF bandwidth. However, considering the usual PDSCH/PUSCH transmission for low cost MTC UEs occupies small physical resources, the capacity of legacy PDCCH may be the bottleneck for this case. As a result, expanding the PDCCH capacity to alleviate the capacity limitation may be essential for option DL-3.
Similar to the case of fixed frequency location of option DL-3, the dynamic scheduling flexibility of legacy PDCCH is lost due to the data resource scheduling is limited to a configured frequency location.
3) The narrowband frequency location is pre-defined via hopping pattern

The cost saving is the same as the case of fixed narrowband frequency location of option DL-3.

The coverage loss for the PDSCH may be alleviated due to randomized frequency selectivity or interference coordination gain. 

The PDCCH capacity limitation and disabling scheduling flexibility of legacy PDCCH are similar to the case of semi-statically configured narrowband frequency location of option DL-3.
4) The narrowband frequency location is dynamically scheduled

In this case, MTC UEs may receive/transmit narrowband PDSCH/PUSCH by legacy PDCCH scheduling, some components of baseband like FFT/IFFT, ADC, post-FFT data buffer and receiver processing block may have to support the full bandwidth, and option DL-3 cannot achieve remarkable cost saving in this case (about 5%-10.5% cost saving for the 1.4MHz reduced bandwidth according to the cost saving estimation for technique 2 provided in [3]).
However, the scheduling flexibility of legacy PDCCH can be enabled by dynamic scheduling the PDSCH on the full band, and the coverage loss for the PDSCH can be eliminated due to the frequency selectivity/diversity gain. 

The PDCCH capacity limitation is similar to the case of semi-statically configured narrowband frequency location of option DL-3.

In summary, to better reflect the cost saving difference among the three DL bandwidth reduction options, Table 3 shows the average range of cost saving and average median value of cost saving related to options DL-1, DL-2 and DL-3 with regard to fixed/semi-static/pre-defined/dynamic style, respectively. The averaged low end, high end and median estimates of Table 3 for several options are summarized in Table 1.
Table 1. Summary of results

	Averaging
	DL 1 fixed/semi-static/ pre-defined style
	DL 2 fixed/semi-static/ pre-defined style
	DL 3 fixed/semi-static/ pre-defined style
	DL 3
dynamic style

	Lower end
	33.5%
	22%
	14.1%
	5%

	High end
	46.2%
	36.5%
	25%
	10.5%

	Median
	39.9%
	29.3%
	19.5%
	7.7%


As a result, on the average median cost saving point of view, it can conclude that DL-1 provides about 10% more savings than DL-2, and DL-2 provides about 10% more savings than DL-3 with the same fixed/semi-static/pre-defined style.
Observation 1: On the average median cost saving point of view, DL-1 provides about 10% more savings than DL-2, and DL-2 provides about 10% more savings than DL-3 with the same fixed/semi-static/pre-defined style.
3 Options for UL bandwidth reduction

Two options for UL bandwidth reduction have been considered, which allow the bandwidth reduction on the RF and/or baseband components. 

3.1 Option UL-1: Reduce the bandwidth for both RF and baseband 
Considering the complicated RF tuning issues will also be incurred with the semi-static/pre-defined/dynamic styles for option UL-1, it is assumed the fixed frequency location is configured in the following analysis for the simplicity. 

For option UL-1, marginal cost saving (as shown in Table 3, about 2.0% - 3.0% cost saving for the 1.4MHz reduced bandwidth based on the average of available individual sources in [2]) can be obtained due to the cost reduction from power amplifier, ADC/DAC and UL processing block. 

However, a coverage loss of PUCCH and PUSCH will be incurred due to the loss in frequency diversity, frequency hopping gain or frequency selective scheduling gain.
Moreover, a few segments of frequency resources for PUSCH, separated by the PRBs used for PUCCH, may cause the performance degradation for legacy UE’s PUSCH. 

Besides, the capacity of PUSCH and SRS co-existence for the MTC and non-MTC UEs may be limited or impacted by the option UL-1.
3.2 Option UL-2: No bandwidth reduction 
For option UL-2, there is no any standard impact.
4 Combination options for DL&UL bandwidth reduction
Table 2 below compares different combination options for DL&UL bandwidth reduction. Although new designs for CCHs are needed for option DL-2, the standard impact for option DL-2 is especially manageable because Rel-11 will introduce the possibility of a narrowband control channel (ePDCCH), and this ePDCCH mitigates the extra design work and lessens the need to operate PDCCH on the full BW. 

As a result, it can be observed that the combination of DL-2 and UL-2 can make the best balance from the cost saving, performance impact and standard impact points of view, and it is proposed the combination of DL-2 and UL-2 as the baseline solution for the bandwidth reduction.
Observation 2: ePDCCH can mitigate the extra design work for DL-2 and lessen the need to operate PDCCH on the full BW.
Proposal 1: The combination of DL-2 and UL-2 can make the best balance from the cost saving, performance impact and standard impact points of view, and it is proposed the combination of DL-2 and UL-2 as the baseline solution for the bandwidth reduction.
Table 2: Comparison of combinational bandwidth reduction options for 1.4MHz reduced bandwidth

	Combination of DL+UL
	Style of acquiring frequency location
	Average range of cost saving
	Performance impact
	Standard impact

	DL-1
+
UL-1
	Fixed
	35.5% - 49.2%
	Large DL CCHs/PDSCH/PUSCH/PUCCH coverage loss for MTC UEs
DL CCHs/PDSCH/PUSCH capacity limitation for MTC UEs 
Reduced DL&UL frequency efficiency 
Legacy UE’s PUSCH performance loss due to segment resource
	New design for DL CCHs 

Co-existence of SRS for the MTC and non-MTC UEs

	
	Semi-static/ Pre-defined
	35.5% - 49.2%
	Small DL CCHs/PDSCH/PUSCH/PUCCH coverage loss for MTC UEs
RF tuning issue for semi-static frequency location 
Legacy UE’s PUSCH performance loss due to segment resource
	New design for DL CCHs 

Co-existence of SRS for the MTC and non-MTC UEs

	DL-2
+
UL-2
	Fixed
	22% - 36.5%
	Large DL CCHs/PDSCH coverage loss for MTC UEs
DL CCHs/PDSCH capacity limitation for MTC UEs 
Reduced DL frequency efficiency
	New design for DL CCHs

	
	Semi-static/ Pre-defined
	22% - 36.5%
	Small DL CCHs/PDSCH coverage loss for MTC UEs
	New design for DL CCHs

	DL-3
+
UL-2
	Fixed
	14.1% - 25%
	Large DL PDSCH coverage loss for MTC UEs
DL PDSCH capacity limitation for MTC UEs 
Reduced DL frequency efficiency 
	Low

	
	Semi-static/ Pre-defined
	14.1% - 25%
	DL CCHs capacity limitation for MTC UEs 
Small PDSCH coverage loss for MTC UEs
	Low

	
	Dynamic
	5% - 10.5%
	DL CCHs capacity limitation for MTC UEs
	Low

	
	
	
	
	


5 Conclusion

In this contribution, further analysis and comparison from cost saving, performance impact and specification impact points of view related to different DL and UL bandwidth reduction solutions as well as its combinations are presented, and the following observations and proposal are given:
Observation 1: On the average median cost saving point of view, DL-1 provides about 10% more savings than DL-2, and DL-2 provides about 10% more savings than DL-3 with the same fixed/semi-static/pre-defined style.

Observation 2: ePDCCH can mitigate the extra design work for DL-2 and lessen the need to operate PDCCH on the full BW.
Proposal 1: The combination of DL-2 and UL-2 can make the best balance from the cost saving, performance impact and standard impact points of view, and it is proposed the combination of DL-2 and UL-2 as the baseline solution for the bandwidth reduction.
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7 Appendix
Table 3: Total cost saving estimation for the reduction of maximum bandwidth (20MHz) to 1.4MHz based on the available individual sources in [2]*
	Options for DL&UL bandwidth reduction
	Style of acquiring frequency location
	Huawei
	Ericsson **
	IPWireless
	MediaTek
	CATT
	Average range of cost saving***
	Average median value of cost saving

	DL-1
	Fixed/Semi-static/Pre-defined
	29.6% - 42.2%
	44.1%
	34.5% - 56.3%
	27% - 40%
	32%-48%
	33.5% - 46.2%
	39.9%

	DL-2
	Fixed/Semi-static/Pre-defined
	24% - 38.2%
	
	
	19% - 32%
	23%-39%
	22% - 36.5%
	29.3%

	DL-3
	Fixed/Semi-static/Pre-defined
	9.3% - 17.6%
	
	
	18% -30%
	15%-27%
	14.1% - 25%
	19.5%

	
	Dynamic
	
	
	
	
	
	5% - 10.5%
	7.7%

	UL-1
	Fixed
	4.6% - 6.6%
	1.9%
	1.6% - 3.2%
	0%
	2% - 3%
	2.0% - 3.0%
	2.5%


*: In order to make average cost saving statistics for different DL bandwidth reduction options, the contributive cost saving of the DL and UL is separated from the combined DL&UL cost saving values provided in [2].
**: In order to separate the contributive cost saving between the DL-1 and UL-1 for the average cost saving statistics for DL-1, it is assumed that the total cost saving by UL-1 is 1.9% for Ericsson.
***: The ranges were determined from the companies discount values with regard to the components related to RF and baseband.
