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1 Introduction
In the last RAN1#80 meeting, there were agreements for Rel-13 low-cost UE as given below [1].

Agreement:

· For Rel-13 low complexity UE in enhanced coverage, the following techniques related to at least unicast PDSCH should be supported

· In order to allow cross-subframe channel estimation, PRB position is the same during at least X subframes 

· X value and configuration are FFS
· This does not preclude dis-continuous transmission for unicast PDSCH

· Frequency hopping is supported over the system BW

· If/when frequency hopping is applied, frequency location should be switched every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y.
· Configurability is FFS

· FFS: Other techniques
Agreement:

· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques
Agreement:

· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement
Based on the agreements, we discuss sub-band scheduling for both 1.4 MHz low-cost UE operating with modest coverage enhancement or without coverage enhancement. 
2 Sub-band scheduling for 1.4 MHz low-cost UEs
Frequency hopping over the system bandwidth is beneficial for Rel-13 low-cost UEs since the UEs can exploit frequency diversity gain even when CSI measurement and feedback are not available. Considering no support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement, frequency hopping is a suitable solution for that UEs. Additionally, the frequency hopping gain results in reduced number of subframe repetitions for the MTC UEs requiring coverage enhancement. 
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. 

For those reasons, sub-band scheduling based on channel state can be utilized for uplink and downlink physical channels for at least low-cost UEs with modest coverage enhancement or without coverage enhancement. For the sub-band scheduling, an eNB can select/configure a sub-band for each low-cost UE based on CSI feedback or measurement on SRS. If channel conditions change relatively slowly, as especially expected for low-cost UEs requiring coverage enhancements, the UE can receive and transmit data within a respective sub-band. Sub-band selection based on CSI feedback or measurement on SRS 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 level 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, the following aspects take into account:

CSI feedback or SRS transmission 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 for downlink or uplink sub-band scheduling. 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 or SRS transmission can be considered, especially for the larger system BWs. 
Regarding the measurement accuracy, in case of low-cost UEs requiring modest coverage enhancements, it can be assumed that operating SNR of the UE is enough for CSI measurement if the CSI reference resource for the UE is defined in multiple subframes or the UE transmits SRS in multiple subframes. 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.
Observation 1: Sub-band selection based on CSI 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 1: Consider support of sub-band-scheduling based on CSI for at least Rel-13 low-cost UEs operating with modest coverage enhancement and/or without coverage enhancement. 
Indication of scheduled sub-band to a low-cost UE.
Since a low-cost UE only supports reduced RF capability within 6 RBs, resource block assignment in a DCI format for the low-cost UE may be accordance with system bandwidth of 1.4 MHz regardless of actual system bandwidth of eNB. In addition, since all 6 RBs are used for the PDSCH coverage enhancement, resource block assignment in a DCI format may not be required for a low-cost UE requiring coverage enhancement. Therefore, for a low-cost UE requiring modest coverage enhancement and/or a low-cost UE without coverage enhancement, how to indicate which sub-band is scheduled for a low-cost UE needs to be defined for downlink and uplink sub-band scheduling. Assuming that sub-band selection changes slowly due to slow channel variations and low mobility, the scheduled sub-band for a low cost UE can be configured via RRC signalling.
Proposal 2: The scheduled sub-band in uplink and downlink for a low cost UE can be configured via RRC signalling.
3 Conclusion
This contribution considered aspects related to sub-band scheduling for Rel-13 low-cost UEs and proposes the following.

Proposal 1: Consider support of sub-band-scheduling based on CSI for at least Rel-13 low-cost UEs operating with modest coverage enhancement and/or without coverage enhancement.
Proposal 2: The scheduled sub-band in uplink and downlink for a low cost UE can be configured via RRC message.
In addition, the following observations are made:
Observation 1: Sub-band selection based on CSI 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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