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1. Introduction
In RAN #65, the WI on further LTE physical layer enhancements for MTC was approved to specify a new Rel-13 low complexity UE [1]. Of many objectives in the WI, it was agreed in RAN1 #78bis that the reduced UE bandwidth of 1.4 MHz is crucial for complexity reduction and should be prioritized [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.
In this contribution, we discuss the design of CSI feedback for Rel-13 MTC UEs. Particularly, it discusses periodic/aperiodic CSI feedback mechanisms including feedback mode and CQI computation considering the reduced bandwidth and also coverage enhancements. 
2. Discussion 
To reduce the complexity, it is worthwhile to consider reduction of supported CSI reporting modes. Furthermore, it should be clarified that which bandwidth is assumed for CSI calculation for a low complexity UE with support on reduced bandwidth. A legacy UE evaluates CSI based on the set of subbands (S) which spans the entire downlink system bandwidth. To be specific, a UE evaluates wideband CSI and/or subband CSI on the set S subbands and/or each subband, respectively. However, a UE with the reduced bandwidth cannot measure entire system bandwidth larger than 1.4 MHz at once. Therefore, it would be natural to assume the reduced UE bandwidth of 1.4 MHz for CSI calculation. 

Proposal 1:
- The reduced UE bandwidth of 1.4MHz is assumed for CSI calculation for periodic/aperiodic CSI reporting.
2.1. Periodic CSI reporting
Assuming that the low complexity UE evaluates CSI on the reduced bandwidth, it is reasonable to support wideband CSI feedback only since frequency selectivity of channel would be low in a narrow bandwidth. To this end, we prefer to reduce the number of supported CSI reporting modes (i.e., mode 1-0 and 1-1) for periodic CSI reporting.
Proposal 2:
- Mode 1-0 and 1-1 are supported for periodic CSI reporting.
In respect of power saving and also with low data rate, it is preferred to set a large period for periodic CSI reporting regarding a UE with MTC operation as the UE would have a slowly time-varying channel. For example, a period for CQI/PMI reporting can be set to 40ms, 80ms, 160ms, etc. Since rather infrequent but bursty traffic can be expected, further optimization can be considered such as activation/deactivation of periodic CSI reporting. In other words, a UE can be configured with periodic CSI reporting which will be enabled or disabled by dynamic signaling.
2.2. Aperiodic CSI reporting
Considering that aperiodic CSI reporting with PUSCH was designed for large and detailed CSI reporting to cope with frequency selectivity, it is natural that aperiodic CSI reporting is not supported for a serving cell when system bandwidth is too narrow (i.e., less than or equal to 7 RB) [3]. In our view, however, aperiodic CSI reporting still be an efficient way to support CSI feedback for a low complexity UE with the reduced bandwidth especially for the power saving aspect and for coverage enhancement mode. Therefore, we prefer to keep the current specification and hence system bandwidth decides whether to support aperiodic CSI reporting with PUSCH. It should be noted that a UE evaluate CSI based on the reduced bandwidth while supportability of PUSCH reporting modes is based on system bandwidth. 
Proposal 3:
- System bandwidth decides whether to support aperiodic CSI reporting.
Similar to periodic CSI reporting, it could be considered for complexity reduction to limit the number of supportable CSI reporting modes for aperiodic CSI reporting. One possible way is to support mode 3-0 and 3-1, which exclude subband PMI reporting, for a low complexity UE with the reduced bandwidth. If a new PUSCH reporting modes is introduced, mode 1-0 (e.g., wideband CQI only) and 1-1 (e.g., wideband CQI/PMI) can be considered. 
Proposal 4:
- New reporting modes for wideband CSI feedback only can be considered for aperiodic CSI reporting.
2.3. Frequency hopping related issues
In RAN1 #79, there was an agreement on possible frequency retuning to another narrowband region of a low complexity UE with the reduced bandwidth.[4] If frequency hopping or FDM among MTC UEs is supported for the low complexity UE and thus the UE may have to switch among sub-bands, either frequency hopping or subband switching can occur with or without measurement on inter-subband. For the case of subband switching with inter-subband measurement, it may require frequent interruptions to perform inter-subband measurements and thus may degrade spectral efficiency of the UE. Furthermore, due to frequency retuning delay to switch the frequency, at least dynamic subband switching is not preferred unless performance gain can be shown at the cost of resources for inter-subband measurement. For coverage enhancement, if frequency hopping across subframes is considered, it may be based on without inter-subband measurement. Also, further clarification is needed how to perform wideband CQI/PMI (if needed) measurement when a UE switches subband. 
Proposal 5:
- Further investigation is needed in CSI feedbacks in consideration of possible narrowband region switching.
2.4. CSI measurement for coverage Enhancement UEs

Coverage enhancement (CE) technique is considered to compensate the bad channel condition for LC-MTC UEs. Repetition of a channel including PDSCH is expected to be employed to support coverage enhancement.  In consideration of such a case, definition of CQI needs to be clarified whether the current definition/measurement mechanism can be directly applicable to coverage enhancement UEs. According to the definition of CQI, UEs report the highest CQI index under assumption that PDSCH can be transmitted with coding rate and MCS according to the CQI index at specified single reference subframe, with BLER no more than 10%. Since coverage enhancement scheme is mainly for the UEs with bad channel condition, the CE UEs reporting based on current CQI may report only CQI index 0 (out-of-range) even if they can be supported with better conditions utilizing CE mode. In other words, CQI reporting based on current definition may not provide useful information to derive proper MCS and the required number of repetition for the CE UEs. Thus, we consider that CQI definition should be clarified to support CE UEs properly. For example, UEs can select the highest MCS to achieve 10% BLER on PDSCH under the assumption that PDSCH is transmitted over multiple subframes via repetition when UEs derive CQI for CE mode. The number of repetitions assumed for CQI derivation can be pre-defined or configured by the eNB. For example, the repetition number for the maximum coverage enhancement level that the network supports may be used for CQI measurement, or the repetition number configured for unicast PDSCH transmission can be used for the measurement. Furthermore, since that the required CE level can be varied when environment changes even though the UE may not move, it may also be beneficial to consider reporting mechanism to feedback the required repetition number or CE level for UEs.

Proposal 5:
- Coverage enhancement can be considered in CQI definition to support CE UEs properly.
3. Conclusion
In this contribution, we discussed our views on relaxation of CSI reporting regarding the reduced UE bandwidth and followings were proposed:
Proposal 1:
- The reduced UE bandwidth of 1.4MHz is assumed for CSI calculation for periodic/aperiodic CSI reporting.
Proposal 2:
- Mode 1-0 and 1-1 are supported for periodic CSI reporting

Proposal 3:
- System bandwidth decides whether to support PUSCH reporting modes.

Proposal 4:
- New reporting modes for wideband CSI feedback only can be considered for aperiodic CSI reporting.

Proposal 5:
- Coverage enhancement can be considered when UE calculate and report CQIs properly.
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