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Introduction
In previous meetings and email discussions, the following concepts had been discussed for low-cost MTC UEs, and the discussion for each technique was captured in the corresponding TP:
· Reduction of maximum bandwidth [1]

 REF _Ref324372667 \r \h 
[2]
· Single receive RF chain [3]
· Reduction of peak rate [4]
· Reduction of transmit power [5]
· Half duplex operation [6]
There is one additional concept to be discussed, which is the reduction of supported downlink transmission modes.
In this contribution, we discuss our views on different techniques and provide recommendations on the study item conclusions.

Discussion and Recommendations
1.1 Reduction of maximum bandwidth
A few different options are discussed in [1] and [2] for reduction of maximum bandwidth. The cost savings from UL bandwidth reduction are small, estimated to be 5% or less. Therefore it is not of particular interest to reduce the UL bandwidth. The main DL options being discussed include:
· Option DL-1: Reduced bandwidth for both RF and baseband (average cost saving: ~39%)
· Option DL-2: Reduced bandwidth for baseband only for both data channel and control channels (average cost saving: ~28%)
· Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still allowed to use the carrier bandwidth (average cost saving: ~19%)
One implementation solution to accommodate the UEs with reduced bandwidth is to create a separate carrier with the same reduced bandwidth and use carrier aggregation for Rel-10 UEs and beyond. This does not require any specification change.

When the carrier aggregation solution is not used, the reduced bandwidth can be either fixed at the center of the carrier, or changed semi-statically or in a pre-defined pattern. (Dynamic change of the frequency location using grant is considered as one of the techniques in reduction of peak rate.)
If the reduced bandwidth is fixed at the carrier center, there is capacity limitation because the MTC UEs cannot use the full carrier bandwidth. Therefore it does not have good scalability as the number of MTC UEs in the system increases.

By semi-statically configuring the bandwidth location for each UE, or changing the location in a pre-defined pattern, different UEs can potentially use different parts of the carrier bandwidth, thus being able to fully utilize the carrier bandwidth. However, this has further complications in specifications and system design.
· How to handle the ambiguity between the eNB and the UE on the bandwidth location when the RRC signalling is not successfully received by the UE?

· When RRC signalling is not successfully received by the UE, it occurs that the eNB transmits data to the UE on the new frequency subband, but the UE still stays on the old frequency subband. Certain procedures need to be defined to recover from this inconsistency. DL-3 has some advantage in this recovery procedure because the UE is still monitoring the full bandwidth for PDCCH. Even when the ambiguity occurs, the UE is still able to receive the PDCCH grants, even though it cannot decode PDSCH because it is on a different frequency subband. But it makes the detection of inconsistency at the UE easier.
· High ePDCCH overhead for option DL-1 and DL-2

· Option DL-1 and DL-2 use reduced bandwidth for the DL control channels. This prevents legacy PDCCH from being used by low cost MTC UEs. Instead, ePDCCH needs to be used. When different UEs use different frequency bands, ePDCCH (including common search space) needs to be defined in each frequency subband. This requires a significant amount of resources to be allocated for ePDCCH as a minimum. Moreover, because the ePDCCH resources are segmented into different frequency subbands, the resource utilization may not be efficient due to the loss of multiplexing gain from the UEs.
· The DCIs corresponding to the broadcast messages need to be duplicated in every frequency subband with MTC UEs.

· The spectral efficiency of ePDCCH within the reduced bandwidth is worse than legacy PDCCH due to loss of frequency diversity, which would also result in higher overhead.

There may be other issues that are not identified yet. Therefore it needs some further investigation in order to fully understand the impact. DL-3 appears to have the least complications and the least risk, and therefore is the preferred approach.
Proposal 1: Reduction of maximum bandwidth in order to reduce the UE cost should be treated with great caution, and the impact should be further investigated in detail. DL-3 is preferred among the three options.
1.2 Single receive RF chain
The cost saving from single receive RF chain is estimated to be in the range of 15~38% [3], with the average to be ~26%.
The use of a single receive RF chain reduces the coverage of DL channels. Whether it makes the DL the limiting link depends on the deployment scenarios. Although the DL can be the limiting link in some cases such as 8 receive antennas at the eNB, using a single receive RF chain may not reduce the overall coverage in many other typical cases (e.g. when 2 receive antennas are deployed at the eNB). It can also become less an issue in an interference-limited rather than a noise-limited scenario.
The use of a single receive RF chain also reduces the spectral efficiency. The analysis from different companies showed a range of 14~26% for spectral efficiency degradation. This degradation only applies to the UEs with single receive, and the spectral efficiency of regular LTE UEs should not be affected.

The specification impact is mainly in RAN4, to define new requirements for UEs with single receive.
Overall single receive RF chain has non-negligible performance impact, but it also provides significant cost savings. If the operators are willing to trade performance for lower UE cost to some extent, this is a technique that is worth more investigation.

Proposal 2: Single receive RF chain can be considered further as one of the techniques for MTC UE cost reduction.
1.3 Reduction of peak rate
Three options were discussed [4] to achieve reduction of peak rate:

(1)
 Reduction of maximum transport block sizes for DL and UL

(2)
Restricting the number of PRBs in an assignment/grant

(3)
Restricting the maximum modulation order
The first option provides the most cost savings, estimated to be in the range of 10.5~21%. It is not expected to reduce the coverage or spectral efficiency. It has very limited specification impact, and the implementation change is also quite straightforward. Therefore, it is highly recommended for the UE cost reduction.
Proposal 3: Reduction of peak rate by restricting the maximum TBS should be included as one of the techniques for MTC UE cost reduction.
1.4 Reduction of transmit power
As captured in [5], reduction of transmit power has direct impact on the coverage of UL channels. For the many typical scenarios where the LTE coverage is UL limited, it further increases the link imbalance between UL and DL. Reduced transmit power also results in reduced UL spectral efficiency.
From cost saving perspective, the cost reduction is at most ~10% when the PA is completely removed. It is expected that the power needs to be reduced significantly in order to be able to remove the PA. In this case, the coverage and spectral efficiency are significantly affected.

Due to these reasons, the reduction of transmit power should not be further considered for MTC UE cost reduction.
Proposal 4: Reduction of transmit power is excluded from further consideration for MTC UE cost reduction.
1.5 Half duplex operation
The cost saving from half duplex FDD was estimated by different sourcing companies to be in the range of 4~19% [6], with the average to be ~8.5%. Although further optimization may be considered, it can be implemented with limited specification impact (mostly in RAN4). It is not expected to adversely affect the coverage or spectral efficiency. Therefore, it should be considered further as one of the techniques for cost reduction.
Proposal 5: Half duplex operation can be used as one of the techniques for MTC UE cost reduction.
Conclusion
In this contribution, we provided our views on different concepts that had been discussed for low cost MTC UEs. The following were proposed for the study item conclusions:
Proposal 1: Reduction of maximum bandwidth in order to reduce the UE cost should be treated with great caution, and the impact should be further investigated in detail. DL-3 is preferred among the three options.
Proposal 2: Single receive RF chain can be considered further as one of the techniques for MTC UE cost reduction.
Proposal 3: Reduction of peak rate by restricting the maximum TBS should be included as one of the techniques for MTC UE cost reduction.
Proposal 4: Reduction of transmit power is excluded from further consideration for MTC UE cost reduction.
Proposal 5: Half duplex operation can be used as one of the techniques for MTC UE cost reduction.
If reduction of maximum bandwidth (DL-3), single receive RF chain, reduction of peak rate, and half duplex operation are combined, the total estimated cost saving is in the range of 50~60%. 

It should also be noted that a historical perspective shows that terminal costs reduce dramatically over time with every technology, and such reductions are maximized by minimizing market fragmentation. 

We propose to capture the above discussion in the TR.
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