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1. Introduction
In LTE-Advanced, the transmission concept of a shared channel and control channel based on a component carrier (CC) unit was agreed upon for wider bandwidth transmissions than 20 MHz [1]. Meanwhile, UE power saving (battery saving) is very important and an essential issue from the viewpoint of its merit to the user. The relationship between the reception bandwidth of downlink shared and control channels and the power saving effect was discussed in a few papers e.g., [2]-[4]. According to the discussions in these papers, this contribution promotes detailed discussion on the best reception bandwidth for the downlink shared and control channels from the viewpoint of UE power saving as well achieving high-level requirements in LTE-Advanced.
2. Power Saving Effect in UE Receiver for LTE-Advanced
The relationship between the downlink reception bandwidth and power consumption of an LTE-Advanced UE with wider-band capability was discussed in [2]-[4]. In these papers, it is claimed that the narrow reception bandwidth corresponding to one CC bandwidth is beneficial in achieving power saving (battery saving) for the control channel and low-rate data reception in the physical downlink shared channel (PDSCH) including VoIP for an LTE-Advanced UE. We agree that the efficient power saving scheme is very important to provide attractive LTE-Advanced UE to customers, and we understand these claims as a concept. However, no concrete and quantitative reasons why the narrow reception bandwidth would provide a low power saving effect for a UE were given. 
The general UE structure was explained in [2]. Similar to Rel-8 LTE, LTE-Advanced UEs roughly comprise an RF front-end, A/D conversion, and baseband processing as shown in Fig. 1. The RF front-end is commonly used for all transmission bandwidths for the downlink channels in the general structure. Hence, we cannot see the merit of using narrow bandwidth reception to achieve low power saving for the RF front-end. The power consumption ratio of the baseband processing part is lower than those of the RF front-end and A/D converters [2]. Thus, the merit of using narrow bandwidth reception to achieve low power consumption is marginal for the baseband processing part. The remaining part is A/D conversion. To achieve low power consumption in A/D conversion, the sampling rate should be low according to the downlink reception bandwidth. In this case, multiple or a variable bandwidth anti-aliasing analog baseband (or IF) filter is necessary as shown in Fig. 1, although we recognize the merit of using narrow bandwidth reception to achieve power saving in A/D conversion. However, the actual gain in the power consumption by using narrow bandwidth reception such as the CC bandwidth in the A/D conversion is unclear.
In conclusion, we recognize the merit of using narrow bandwidth reception for power saving at an LTE-Advanced UE only for the A/D conversion part. Therefore, whether or not there are concrete and quantitative gains using narrow bandwidth reception to achieve power saving at LTE-Advanced UE should be investigated, since by contrast, the merits of a wider reception bandwidth are considered as explained in the following sections.
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Figure 1 – General receiver structure of LTE-Advanced UE
3. Views on Tradeoff Relation between Downlink Reception Bandwidth and Power Saving Gain

3.1. Non-real Time Traffic in PDSCH
LTE-Advanced will be deployed with complimentary use of Rel-8 LTE. Thus, the main application offered by LTE-Advanced will be non-real time traffic with a large volume size including downloading and high-resolution video including MBMS. Then, when offering non-real-time traffic, wide bandwidth reception using the maximum capable reception bandwidth of a UE is more beneficial to power saving at the UE than narrow-bandwidth reception such as CC bandwidth as shown in Fig. 2. This is because the UE can receive and decode non-real-time traffic data with constant total size in the minimum time duration by taking advantage of a wide reception bandwidth. After receiving the traffic data, the power supply of the receiver circuitry of the UE can be turned off. This situation is true in the non-full channel load condition, which is a typical. Furthermore, we see the benefit of a wider reception bandwidth by taking advantage of the frequency diversity gain associated with frequency domain channel-dependent scheduling [5].  

In conclusion, we cannot see the merit of narrow bandwidth reception such as the CC bandwidth from the perspective of power saving gain or from the achievable performance for non-real-time traffic carried in the PDSCH.
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Figure 2 – Relation between PDSCH reception bandwidth for non-real time traffic and power saving gain at UE
3.2. Real-Time Traffic in PDSCH

Most real-time traffic data use a radio resource block size that can be supported within a 20 MHz bandwidth. Hence, most real-time traffic services including VoIP will be offered by Rel-8 LTE rather than one CC in LTE-Advanced. A higher capacity requirement for, e.g., VoIP, than that in Rel-8 LTE is claimed in the LTE-Advanced requirements [6]. To achieve higher capacity for real-time traffic including VoIP in the PDSCH, utilizing a wider bandwidth seems to be an appropriate solution such as employing inter-CC frequency hopping as well as distributed transmission within a CC bandwidth as shown in Fig. 3. This may be beneficial particularly to randomizing the influence of other-cell interference. 
In conclusion, further investigations on the performance gain using wider bandwidth reception and on the power saving gain using narrow bandwidth reception, which is described in Section 2, are necessary.
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Figure 3 – Inter-CC frequency hopping and distributed transmission for real-time traffic in PDSCH
3.3. PDCCH including DL/UL scheduling grant and paging indicator
Symbol repetition is used in the physical downlink control channel (PDCCH) including DL/UL scheduling grant and paging indicator for a cell-edge UE with a low received SINR in Rel-8 LTE. Hence, the PDCCH is transmitted using the maximum of a three-OFDM-symbol duration at the beginning of each subframe in Rel-8 LTE. These transmission formats for the PDCCH should be used in LTE-Advanced as well to achieve high commonality with Rel-8 LTE. 
Here, we assume that the three-OFDM-symbol duration is necessary to carry the PDCCH at a certain CC. In this case, if we utilize a wider reception bandwidth using multiple CCs for the PDCCH, there is a possibility that the PDCCH can be carried using only a one or two OFDM symbol duration as shown in Fig. 4. This leads to a power saving for the UE, which receives and decodes only the PDCCH including DL/UL scheduling grant and paging indicator. 
In conclusion, the gains from narrow bandwidth reception with a long reception duration and from wider bandwidth reception in short reception duration should be further investigated from the viewpoint of the power saving gain while maintaining the same achievable performance. 
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Figure 4 – Transmission scheme of PDCCH with wider bandwidth
4. Conclusion

We recognize the merit of narrow bandwidth reception for power saving at an LTE-Advanced UE only for the A/D conversion part. Hence, concrete and quantitative gain using the narrow bandwidth reception to achieve power saving at an LTE-Advanced UE should be investigated, since by contrast, the wider reception bandwidth provides significant quantifiable merits from the viewpoints of power saving and the achievable performance gains.
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