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1 Introduction
In the previous RAN1#78bis and RAN1#79 meetings, the following was agreed for UE complexity reduction as given below [1][2].
Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Agreement:
· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible re-tuning to another narrowband region (within the cell system bandwidth) for communications.
According to the agreements, Rel-13 low-cost UEs only transmit/receive within 1.4 MHz for complexity reduction and there can be multiple 1.4 MHz sub-bands within system bandwidth to accommodate large number of low-cost UEs. Therefore, sub-band association is required for each low-cost UE in order to transmit and receive physical channels. In this contribution, we discuss considerations required for sub-band allocation for Rel-13 low-cost MTC UEs.
2 Sub-band scheduling for 1.4 MHz MTC UEs
Figure 1 shows an example for 1.4 MHz bandwidth allocation for low-cost UEs according to the agreements. From a single UE perspective, a low-cost UE can tune its RF to one of the available sub-bands in a given number of subframes and it can change to another sub-band for next number of subframes, if frequency hopping is configured. For example, a low-cost UE in initial access can tune its RF to the center frequency of system bandwidth to receive PSS/SSS and PBCH. If SIB/Paging/RAR can be transmitted in sub-bands other than the center sub-band, the UE should tune to the appropriate sub-band during a respective subframe to receive SIB/RAR/paging. During downlink reception, a low-cost UE should re-tune to the sub-band from which EPDCCH or PDSCH is transmitted in a given subframe before the UE receives the physical channels. Therefore, sub-band allocation for a UE should be informed or determined according to a function prior to the reception of EPDCCH/PDSCH. 
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Figure 1. Sub-band association for low-cost MTC UE
Sub-band selection can be:
· Random sub-band selection (with or without frequency hopping)
· Sub-band selection based on CSI feedback
For random sub-band selection, one of possible sub-bands can be selected according to a frequency hopping pattern from the UE or a pattern can be configured by the eNB regardless of channel conditions of each low-cost UE. In this case, the low-cost UE does not need to perform sub-band specific measurements and wideband CQI suffices.
Frequency hopping is beneficial when sub-band specific information is not available, for example during initial access. However, frequency hopping is only a randomization that avoids poor fading conditions but averaging the channel conditions experienced by a DL or UL transmission over multiple fading conditions in respective sub-bands. Although the advantages of frequency hopping are clear, it also has some important disadvantages. First, as frequency hopping fails to use the sub-band where a low-cost UE experiences the (almost) highest SINR, it is by default a suboptimal transmission method with respect to DL/UL spectral efficiency and UE power consumption. Second, although not as important as the first disadvantage, frequency hopping requires retuning which can cause some additional small spectral efficiency loss if some transmission symbols are lost or some additional latency if transmission/reception are skipped in one or more subframes. 

As an alternative to frequency hopping, an eNB can select/configure a sub-band for each low-cost UE based on CSI feedback. If channel conditions change slowly, as expected for low-cost UEs requiring coverage enhancements, a low-cost UE can receive data and, for TDD, transmit data within a respective sub-band based on CSI feedback. Sub-band selection based on CSI feedback can improve link performance due to frequency selective scheduling gain since the eNB can select a sub-band that has the “best” channel condition for the UE. The scheduling gain can also lead to less power consumption since it can reduce repetition levels when coverage enhancement is required or it can reduce active time required for retransmission. In addition, there is no need to consider re-tuning. However, for sub-band scheduling based on CSI feedback, the following aspects need to be considered:
1. CSI feedback accuracy

Accurate CSI measurement and robust CSI feedback reports from a low-cost UE are required to exploit scheduling gain from CSI feedback. However, these can be difficult requirements in some cases, e.g. when the UE requires coverage enhancement with large repetition levels. In this case, operating SNR of the UE is extremely low and measurement itself can not only be inaccurate but also require more PUCCH or PUSCH repetitions to inform it to the eNB for each sub-band. Therefore, sub-band scheduling based on CQI feedback can be beneficial for low-cost UEs requiring modest coverage enhancements while other mechanisms can be considered for UEs requiring large coverage enhancements. Considering the slow channel variations for the CQI reporting rate, only aperiodic CSI report or periodic CSI report with very long reporting period can be sufficient for UEs operating with coverage enhancements and having low mobility.
2. CSI measurement in multiple sub-bands.

Since a low-cost UE can receive only within 6 RBs in a given subframe, how to measure CSI in multiple sub-bands within system bandwidth needs to be considered. Unlike legacy UEs, re-tuning is required for UE measurements in different sub-bands and, more importantly, individual measurement for each sub-band is needed so that the overall measurement time will be longer than for legacy UEs. Therefore, minimizing the number of sub-bands required for CSI measurement can be considered, especially for the larger system BWs. 
If sub-band scheduling based on CSI feedback is considered for Rel-13 low-cost MTC, new CSI report definition for low-cost MTC is needed since, in Rel-12, a CSI report is defined according to system bandwidth of serving cell regardless of the UE’s bandwidth capability. For example, sub-band size and the number of preferred sub-bands for sub-band CSI report, support for both aperiodic CSI report and periodic CSI report, etc. need to be considered for Rel-13 low-cost UEs.
Observation 1: If sub-band specific CSI feedback from a low-cost UE is not available, sub-band hopping is preferable to provide frequency diversity gain.
Observation 2: Sub-band selection based on CSI feedback can be beneficial for the Rel-13 low-cost UEs in improving key metrics such as UE power consumption and DL/UL spectral efficiency. 
Proposal: Consider support of sub-band-specific CSI feedback for Rel-13 low-cost UEs.
3 Conclusion
This contribution considered aspects related to sub-band scheduling for Rel-13 low-cost UEs and proposes the following.

Proposal: Consider support of sub-band-specific CSI feedback for Rel-13 low-cost UEs.
In addition, the following observations are made:
Observation 1: If sub-band specific CSI feedback from a low-cost UE is not available, sub-band hopping is preferable to provide frequency diversity gain.
Observation 2: Sub-band selection based on CSI feedback can be beneficial for the Rel-13 low-cost UEs in improving key metrics such as UE power consumption and DL/UL spectral efficiency. 
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