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1. Introduction

A major objective of the MTC WI in [1] is to define a new low-cost UE category. This new UE category would have 1 Rx antenna, maximum TBS size of 1000 bits, and reduced downlink channel bandwidth of 1.4 MHz in baseband. In this contribution, we examine various techniques to support bandwidth reduction in the baseband.  Specifically, we considered the potential impacts to specifications and implementation from each technique.  
2. PDSCH Assignment Techniques
The key justification for supporting bandwidth reduction is cost saving benefit. Analysis in [3] shows only negligible benefits of this technique in other areas such as power consumption. Therefore, when evaluating different solutions, it is important to consider only those that maintain this cost saving benefit. In this light, several solutions have been proposed. All these solutions, however, require additional specification changes which may be summarized as follows –
Solution 1: Fixed or predefined PDSCH location
In this solution, the PDSCH region is known beforehand (e.g. predefined via specifications), possibly prior to decoding the PBCH. There are several possible options within this solution – fixed at the center of the carrier bandwidth, fixed with several possible locations, and fixed with predefined hopping pattern. The impacts from this solution are described below – 
· Specification: The impact to specification is low to moderate in this case depending on which option is selected. In addition to defining the fixed location, the eNB must be able to distinguish the assigned location for each UE in case of more than one location is defined. Possibly a mechanism for directing UEs to one of the PDSCH locations may also be needed.
· Implementation: Implementation is moderate to high depending on which option is selected. In all cases, the eNB would have to keep track of UEs and their associated PDSCH locations, implement scheduling and resource allocation restriction, and modify scheduling strategy for regular UEs.
· Performance: Performance impact is low to moderate in this case depending on which option is selected. The fixed allocation may suffer from high interference or may negate interference coordination performance. Frequency diversity may also be lost if the PRBs are contiguous, and frequency selectivity gain may not be possible. Group-based messages may need to be transmitted to multiple PDSCH locations to reach all UEs. Performance of other UEs may also be impacted by the lack of scheduling flexibility.
Solution 2: Dynamic PDSCH scheduling with timing change
In this solution, the PDSCH region is dynamically scheduled as before but limited to the maximum of 6 PRBs. To achieve the cost saving benefit, a timing change must be introduced where the PDSCH allocation is not transmitted in the same subframe as the scheduled PDSCH.  This is illustrated in Figure 1 below.
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Figure 1. PDSCH scheduling for low-cost UE.
Note that if there is no timing change, this will lead to a cost increase of approximately 5% [4] which makes this option unattractive. The impacts from this solution are described below – 

· Specification: This solution has high specification impact due to having to redefine the downlink data and control relationship, especially for TDD. In addition HARQ timing relationship may need to be redefined as well. 
· Implementation: Implementation impact is high due to having to keep track of two different timing relationships plus the requirement to schedule ahead at least one subframe for low-cost UEs. PDCCH management is also more complicated when the mix of MTC UEs and legacy UEs are supported.
· Performance: This solution should have no or low impact to performance. Possible performance impact may arise from PDCCH limitation.
Solution 3: Fixed + semi-statically configured PDSCH location
In this solution, the PDSCH region is configured semi-statically via RRC configuration. This, however, first requires fixing the PDSCH location in order for the UE to undergo connection procedure. Figure 2 illustrates the RRC connection setup message sequence prior to establishment of service assuming UE-originated traffic.  
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Figure 2. RRC connection setup message sequence.

From Figure 2, it can be seen that the RAR and RRC connection setup messages must be sent in a fixed location (as in solution 1) prior to semi-static configuration of the PDSCH location. The impacts from this solution are described below – 

· Specification: The impact to specification is moderate in this case because first a fixed location must be defined, then semi-statically changed with RRC configuration. In addition to defining the fixed location, the eNB must be able to distinguish the assigned location for each UE in case of more than one location. Possibly a method for directing UEs to one of the PDSCH locations may also be needed.
· Implementation: Implementation is moderate to high as the eNB would have to keep track of UEs and their associated PDSCH locations, implement scheduling and resource allocation restriction, and modify scheduling strategy for regular UEs.
· Performance: Performance impact is low to moderate in this case. The fixed allocation may suffer from high interference or may negate interference coordination performance. Frequency diversity may also be lost if the PRBs are contiguous, and frequency selectivity gain may not be possible. Group-based messages may need to be transmitted to multiple PDSCH locations to reach all UEs. Performance of other UEs may also be impacted by the lack of scheduling flexibility.
All these solutions also require additional specification changes for common messages as described below -

SIB, RAR, and paging restriction
The impact to SIB, RAR, and paging messages depends on which solution is eventually adopted, but can be briefly described as follows.

· Solutions 1 & 3: Fixed location must be defined for SIB and RAR, and possibly paging as well. Resource allocation restricted to 6 PRBs. Potentially duplicate transmissions of the messages may be required if multiple PDSCH locations are supported.
· Solution 2: Resource allocation restricted to 6 PRBs. Separate DCI and scheduling needed for these messages to regular and MTC UEs due to the timing difference. Alternately, if only one DCI is used then the messages must be sent twice. Another possible solution is to fix the locations for these common messages well.
In all cases, there are considerable impact to implementation and specification.
3. Discussion
Table 1 summarizes the estimated specification, implementation, and performance impacts of various solutions for PDSCH bandwidth reduction. From the table, it is seen that most solutions have medium to high impact to both specification and implementation.  This is especially true considering also the additional changes required to support SIB, RAR, and paging.
Table 1. Estimated impacts of various solutions.
	Solution
	Impact Analysis

	
	Specification
	Implementation
	Performance

	Fixed or predefined PDSCH location
	Low to Medium
	Medium to High
	Low to Medium

	Dynamic PDSCH scheduling with timing change
	High
	High
	Low

	Fixed + semi-statically configured PDSCH location
	Medium
	Medium to High
	Low


From [2], it is seen that the additional cost saving from bandwidth reduction of the baseband module is 8%. This gain is due to (1) reduced complexity in the receiver module, especially in channel estimation, and (2) smaller post-FFT data buffering.  There are, however, several important points to note –

· The cost saving calculation is based on reduction in computational complexity and buffering requirements.  Actual component cost saving may be less.

· Full carrier bandwidth (i.e. wideband) channel estimation is needed for the PDCCH anyhow. Thus, the saving in the receiver processing block may be less than estimated in [2] and only be fully applicable for DM-RS based DL transmission modes and DM-RS based control channel operation.

· If broadcast and multicast transmission (e.g. for group-based communication) is to be optionally supported by the UE on the PMCH, full bandwidth support is currently required. To also limit the PMCH to 6 PRBs will required significant specification and implementation changes. However, without this change, cost saving will not be realized.
From open-source marketing estimates, the current BOM for a Cat-4 LTE modem is approximately $25-35 [5].  Table 2 provides a quick comparison between Cat-4, Cat-1 and low-cost UEs. Following the cost saving analysis in [2], it can be seen that Cat-1 UE will already provide substantial saving from Cat-4 modem.  Going to low-cost MTC UE capability and removing multi-band and fallback mode support will further reduce cost. Assuming a price erosion of approximately 10-20% per year due to volume of scale, then it is possible that low-cost MTC UE will be in the $1 price range in the 2020 time frame. This is true even if the additional cost saving from bandwidth reduction is not included (i.e. 42% cost reduction from Cat-1 instead of 50%). At this price point, low-cost MTC UE will be very competitive to EGPRS modem.
Table 2. LTE UE capabilities and cost reduction.
	Feature
	Cat-4
	Cat-1 UE 
	Low Cost UE

	DL Peak Rate 
	150 Mbps 
	10 Mbps 
	1 Mbps 

	Max No of DL spatial layers 
	2 
	1 
	1 

	UL Peak Rate 
	50 Mbps 
	5 Mbps 
	1 Mbps 

	Multi-Band support 
	Yes 
	Yes 
	[No] 

	Fallback modes 
	3G, GSM 
	3G, GSM 
	[None] 

	No of RF receiver chains 
	2 
	2 
	1 

	64-QAM Support 
	DL only 
	DL only 
	None 

	BOM Cost
	$25-35 [5]
	20-30% reduction from Cat-4
	50% reduction from Cat-1


From the analysis shown in this contribution, the following observations may be drawn. First, solutions for bandwidth reduction have medium to high impact to both specification and implementation, and possibly some performance impact. Second, based on cost analysis, it is likely that low-cost UE will be very competitive to EGPRS modem even if the additional cost saving from bandwidth reduction is not included. As a result, it is recommended that PDSCH bandwidth reduction should not be supported for low-cost MTC UE.
Recommendation: Due to considerable impact to specification and implementation from PDSCH bandwidth reduction, it should not be supported for low-cost MTC UEs.

4. Conclusion
From the analysis shown in this contribution, it can be seen that most solutions for PDSCH bandwidth reduction have medium to high impacts to both specification and implementation.  Analysis in [3] shows only negligible benefits in other areas such as power consumption. In addition, cost analysis shows that low-cost UE can be very competitive to EGPRS modem even if the additional cost saving from bandwidth reduction is not included. Therefore, PDSCH bandwidth reduction should not be supported for low-cost MTC UEs.
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