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Discussion

1. Introduction
In RAN1#68, two techniques have been covered during low-cost discussion: reduction in bandwidth and reduction in peak rate. It is foreseen that the rest of three techniques would be the highlights in the coming RAN1 meeting. We have already presented some of our views in general in [1]. Here we will provide some more evaluation/analysis on: 1-Rx, reduction of Tx power and half duplex FDD. 
2. Discussion
2.1. Single Receiver RF Chain
From the RF perspective, having to support two receive antennas represents a significant cost difference to GSM, where only a single RF needs to be supported, and represents the biggest cost saving potential in this study. It is likely that 20% can be saved in RF costs and long term at least 10% in total costs. In addition, reduced number of RF chain components and simplified data processing can lead to power consumption reductions. 
So far, the biggest concern with 1-Rx has been the impacts on coverage and cell spectral efficiency [2], since the second Rx antenna improves the SINR in the order of ~3dB (array gain) plus additional diversity gain depending on the considered channel profile and the operation point. Typically, this additional diversity gain is in the order of 1.5dB for PDCCH, but it can be more in situations where e.g. where the channel does not provide much frequency selectivity. However, the maximum gain by Rx-diversity is only achievable if with zero antenna correlations and zero path attenuations, where the first factor is related to antenna spatial isolation and the second is related to gain imbalance. Gain imbalance in 2-Rx receiver reflects the attenuated received signal power due to additional switches and filters for the second cellular antenna. To preserve the benefits of receiver diversity, these two impairments need to be maintained at low levels. It is observed in [3] that the predominant loss to the dual receiver performance of PDCCH BLER versus SNR comes from the gain imbalance. Correlation starts to have a visible impact to the performance at the level of 0.7. In different correlation scenario it is seen that the 1-Rx performance can be comparable to the 2-Rx case of 1st and 2nd path attenuation (-1, -6) dB. At a high correlation case, the performance is close to gain imbalance case 2-Rx (-1, -3) dB (about 1 dB difference at 0.01 BLER). This means when antenna isolation is low, gains of 2-Rx over 1-Rx cannot be achieved in practice. 
From above analysis it can be conclude that: if it is lower LTE frequency bands, the benefits of 2-Rx will be significant less when the correlation of antennas is relatively high. For example, below 1GHz, the 2-Rx receiver antenna gain would be smaller compared to 1-Rx case which would make the coverage and spectral efficiency loss less significant compare to the benefit of cost savings by 1-Rx.  
From a more practical perspective, the design of the antenna(s) is naturally limited by the desired device form factor making it challenging to achieve the theoretical gains described above. In the end, it is over-the-air (OTA) performance that matters and this discussion is probably more relevant to have in RAN4.
Based on the discussion in the coverage enhancements study item[4], the coverage limit in LTE is in the UL. Hence, there is a margin in the DL that can be potentially exploited to allow single RX UE without necessarily affecting the coverage.

Observation 1: The difference in coverage and spectral efficiency between 1-Rx and 2-Rx in real devices will be lower than theoretical values, especially lower LTE frequency bands. Further investigations, mainly in RAN4, are needed to investigate the impacts.
2.2. UE Tx Power reduction
UE TX power reduction will potentially reduce cost of the power amplifier (PA). However, significant reduction is cost is achievable only with a significant reduction in Tx Power (at least 3dB). However, the savings would mainly come from allowing a higher level of integration and similar savings can be achieved with a half-duplex implementation as discussed in the next section, Given this, the undesired significant reduction in TX-power required and, as mentioned in the previous section, LTE coverage being limited by the UL, we do not see TX-power reduction as a viable candidate for cost savings.    
Observation 2: UE TX power reduction is not seen as a viable candidate for LTE MTC cost saving 
2.3. Half Duplex FDD
Half duplex FDD will contribute to RF cost savings as duplex filter in the device can be replaced by a switch. Additionally, as mentioned in [5], half duplex operation could make integrating of RF and baseband easier since not having to transmit and receive at the same time reduces the cross-interference between different parts of the implementation. A higher level of integration reduces the component count and thus the total costs. Since this feature is already available in Rel-8, the impact to specification is small.
Additionally, the discontinuous reception properties of half-duplex operation could be exploited to achieve power savings.
Given above discussion, we see that HD-FDD would be a good candidate for LTE MTC cost and power savings.

Observation 3: HD-FDD is seen as a viable candidate for LTE MTC cost and power savings.
3. Conclusions
In this contribution we further discussed consideration on 3 techniques: 1-Rx, reduction of Tx power and half duplex FDD. We have following observations:
Observation 1: The difference in coverage and spectral efficiency between 1-Rx and 2-Rx in real devices will be lower than theoretical values, especially lower LTE frequency bands. Further investigations, mainly in RAN4, are needed to investigate the impacts.

Observation 2: UE TX power reduction is not seen as a viable candidate for LTE MTC cost
Observation 3: HD-FDD is seen as a viable candidate for LTE MTC cost and power savings.
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