
3GPP TSG RAN WG1 #69
 R1-122264
Prague, Czech Republic, 21st – 25th May 2012
Agenda Item:
7.8.2
Source:
Samsung
Title:

Cost reduction techniques for low cost MTC UE based on LTE
Document for:
Discussion and decision
1 Introduction
Until RAN1#68bis, RAN1 has performed the evaluation/analysis of low cost MTC UE based on LTE and has agreed text proposals [1-6] for potential cost reduction techniques including, 
•
Reduction of maximum bandwidth

•
Single receive RF chain

•
Reduction of peak rate

•
Reduction of transmit power

•
Half duplex operation
Each cost reduction technique is analyzed in terms of coverage, minimum data rate, power consumption, specification impact, cell spectral efficiency, and cost saving. This contribution summarizes the observations and provides Samsung’s view on low cost MTC UE based on the current agreements. Besides the above five techniques, the details on reduction of supported downlink transmission modes is discussed in another contribution [8]. 
2 Summary from [1-6]
Based on the current agreements [1-6], the performance aspects can be summarized as below: 
Coverage analysis
Reducing the peak rate and half duplex operation do not degrade the coverage. Reducing the maximum bandwidth (depending on options) and single receiver RF chain are expected to degrade coverage relative to normal LTE UEs, while it is still better than or at least similar to that of GSM/EGPRS. On the other hand, reducing the transmit power of MTC UE may make the coverage worse than for GSM/EGPRS. 

Minimum data rate
Reducing the peak rate has no impact on the minimum data rate as long as the TB size exceeds the required minimum data rates (118.4kbps downlink and 59.2kbps uplink). The other cost reduction techniques do not have impact on the minimum data rate.
Power consumption
Power consumption savings can be achieved by all considered cost reduction techniques. On the other hand, any efforts to restore the performance degradation may contribute to an increase in power consumption in the MTC UE.

Impact on specification
In case of reducing the maximum bandwidth, minimal specification impact is expected from the combination of options DL-3 and UL-2. When option DL-3 is not used, the most significant impact is expected from the downlink control channels with possible performance degradation. Further observations on the specification impact from different DL/UL options on MTC UE procedures and in particular on control channels, are discussed in a previous contribution [7]. As briefly captured in current text proposal, there are some variations for the frequency location of the reduced bandwidth. It can be changed semi-statically, dynamically, or in a pre-defined pattern for each UE. As the specification impact from these variations has not been evaluated, further study is required to fully understand the impact of each variation together with each DL/UL option. 

To support a single receive RF chain UE implementation, specification changes may need to be introduced to compensate for downlink coverage loss.
For maximum bandwidth reduction and single receiver RF chain, specification changes on the random access procedure may be introduced to alleviate the performance and capacity limitations. 

The MTC UE with reduced transmit power would require specification changes to restore uplink coverage.
To support half duplex operation, specification changes may include relaxing UE switching times and managing of conflicts between downlink and uplink transmissions.

In general, a new UE category supporting low-cost MTC UE should be introduced. In addition, impacts on RAN4 specifications are expected as well.

Cell spectral efficiency
Reducing the maximum bandwidth may degrade cell spectral efficiency. However, the reduced spectral efficiency is still much higher than that of GSM/EGPRS. 
Reducing the peak rate by restricting the maximum modulation order reduces the DL and the UL spectral efficiency.
Considering a single receive RF chain, the spectral efficiency reductions are expected to be 16% - 34% and 14% - 20% for FDD and TDD, respectively. 

Low cost MTC UEs with a reduced transmit power are unlikely to meet the spectral efficiency requirement. 

It is expected that cell spectral efficiency is not impacted when HD-FDD MTC UEs are supported.

Cost saving

For each cost reduction technique, Table 1 summarizes the relative cost saving estimation based on the reference LTE modem. 

Table 1: Summary of relative cost saving estimation based on the reference LTE modem
	
	Specific options/techniques
	Overall relative cost savings

	Reduction of Maximum bandwidth
	DL-1 (BW reduction for both RF/BB)
	~39%

	
	DL-2 (BW reduction for BB only for both data/control channels)
	~28%

	
	DL-3 (BW reduction for BB and data channel only)
	~19%

	Reduction of peak rate
	Technique 1 (Max TB size: 1000 bits for DL/UL)
	10.5%-21%

	
	Technique 2 (Max TB size: DL 4392 bits, UL 2600 bits)
	6.5%-13.5%

	
	Technique 3 (Max modulation of QPSK)
	3%-10%

	Single receive RF chain
	-
	15-38%.

	Reduction of transmit power
	Removal of the power amplifier
	10-12%

	
	Reduction in output power and relaxation in linearity
	2-7%.

	Half duplex operation
	-
	4-8%

	
	With reduced computational requirements
	9-12%

	
	With optimized RF components for HD-FDD operation
	12-19%


3 Conclusion
The observations can be summarized as below:
· Reducing the maximum bandwidth provides significant cost savings which vary depending on the selected option. Although some performance degradation relative to a normal LTE UE is observed, it is still expected to meet the performance requirement in coverage and cell spectral efficiency. Some options would minimize specification impact. Some other options have specification impact especially for downlink control channels and further study may be required. In general, the larger the cost savings, the larger the specification impact.
· Reducing peak rate provides considerable cost savings which also vary depending on the selected options. In general it does not degrade coverage and cell spectral efficiency. If it is restricted to QPSK, cell spectral efficiency is reduced. Specification impact from reduced peak rate seems marginal.
· MTC UEs with single receive RF chain are expected to get cost saving gain, although such gain deviates considerably across sources. In addition, performance loss in coverage and cell spectral efficiency is expected which may require specification changes for its compensation. 

· Reducing transmit power seems to be less attractive for low-cost MTC UE because it cannot obtain considerable cost saving gain and it is unlikely to meet the performance requirement in terms of coverage and spectral efficiency. 
· For half duplex operation, reasonable cost savings can be achieved without degrading coverage and cell spectral efficiency. It may lead to specification changes but some issues may be resolved by implementation.
Therefore, it is proposed to continue to standardize the techniques of maximum bandwidth reduction, peak rate reduction, and half duplex operation to support low-cost MTC UEs based on LTE. Regarding reduction of downlink transmission modes which is supposed to be discussed in this meeting, according to our analysis in [8] it is also reasonable to continue to standardize this technique. 
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