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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 RRM, RLM, and CSI feedback for Rel-13 MTC UEs. Particularly, it discusses some issues about RRM and RLM, and periodic/aperiodic CSI feedback mechanisms including feedback mode and CQI computation considering the reduced bandwidth and also coverage enhancements. 
2. Discussion 
As agreed in RAN1 #78bis, bandwidth for LC-MTC UEs is decided as 6RBs for the UE complexity reduction. Since small bandwidth decrease the diversity gain also, frequency hopping may be considered to compensate the loss of frequency diversity, especially on downlink. The frequency hopping would be base on subband retuning since LC-MTC UEs use only 6RBs at a time, so there would be differences with conventional hopping, such as retuning gap or subband availability. Another feature for the LC-MTC UEs being discussed is coverage enhancement. Since MTC UEs may be placed in places with bad communication condition like basement, coverage enhancement scheme such as repetition may increases the connectivity for UEs with the cost of small UE complexity. With those schemes for the LC-MTC UEs, several measurement schemes may need to be modified in order to reflect the different transmit channel characteristic compared to the channel from RSs themselves. 
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. RRM / RLM for LC-MTC UEs
2.1.1. RSRP measurement with frequency hopping (serving cell and intra-frequency)
Current RSRP measurement could be reused for MTC UEs with some enhancements/considerations on frequency hopping and/or coverage enhancement.  One possible consideration is that at which subband the RSRPs would be measured in case of frequency hopping. For RSRP measurement for the serving cell, the current mechanism may be reused where a UE may average measurements from different measurement instances taken at different subbands when the UE performs frequency hopping. Considering, however, intra-frequency measurement on neighbor cells where a UE may have to search neighbor cell’s PSS/SSS, RSRP measurement may be conducted at the center 6RBs. When a MTC UE performs frequency hopping, it becomes difficult to assure sufficient measurement occasions where a UE can perform measurement on the center 6PRBs. To support solid center 6RB RSRP measurement, some measurement restriction and/or certain measurement gap may be configured to MTC UEs for RSRP measurement 
2.1.2. RSRQ measurement with frequency hopping (serving cell and intra-frequency)
In case of RSSI measurement, when a UE performs frequency hopping, it becomes difficult to measure RSSI in the same subband. If RSSI measurements are averaged across different subbands, the accuracy of RSSI can be degraded. If measurement gap like measurement timing is configured for RSRP to allow UE to monitor center 6PRBs for intra-frequency, the same measurement timing configuration can be utilized for RSSI/RSRQ measurements as well. 
Proposal 2 : 
-Measurement timing for RSRP/RSRQ may be considered for MTC UEs if neighbor cell measurement is required. 
2.1.3. RLM 

Current RLM parameters, Qin and Qout, are targeting certain BER level based on the assumption that hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1 in [3]. However, for MTC UEs, conventional PDCCH may not be transmitted, so there would be no meaning to determine RLM based on the assumption of PDCCH and PCFICH. Thus, enhancements on RLM measurements for LC-MTC UEs are necessary.  For example, for LC-MTC UEs in coverage enhancement, the definition or condition to determine Qin and Qout needs to be clarified in consideration of repetition for control channels. Furthermore, to determine which channel can be used for RLM measurement, further considerations are necessary including whether cell-common control channels are introduced or not. 
2.2. Channel estimation and reporting for LC-MTC UEs
2.2.1. 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 3:
- 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.
2.2.2. 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) [4]. 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 4:
- 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 5:
- New reporting modes for wideband CSI feedback only can be considered for aperiodic CSI reporting.
2.2.3. CSI for frequency hopping
When frequency hopping is used where the frequency location of monitoring subband changes over time, how to perform CSI measurements require some clarifications. As mentioned in our companion contribution [5], we propose to consider subband (M-region) switching with a cell-common hopping pattern for downlink transmissions. In other words, a UE is configured with a virtual subband where the physical frequency location of the assigned virtual subband can change over time according to the frequency hopping pattern. In this case, overall two approaches can be considered for CSI measurement/feedbacks. 

· Alt1. Individual CSI for each subband, possibly feedbacks for multiple subbands
· Alt2. Average over different subbands
Alt1 means that CSI is measured and calculated for each subband belonging to the set of subbands used for frequency hopping for the given UE. As a UE cannot monitor multiple subbands at a time, a kind of TDM among different subband for CSI measurement seems necessary if this approach is considered. Alt 2 means that CSI is calculated/averaged over subbands which are used for frequency hopping for the UE. In other words, a UE may perform CSI measurement in any valid downlink subframe regardless of the physical location of monitoring/measuring subband, and can average CSI measurements taken from physically different subbands (M-regions). In both cases, reference subframe may require to be clarified.
Proposal 6: 
- CSI measurement and report method needs to be clarified for frequency hopping MTC UEs.
It may also need CQI definition modification, since current CQI definition is about the single PDSCH transmission, not the PDSCH over frequency hopping. It is discussed in the section below, with coverage enhancement UEs.

2.3. CQI consideration for frequency hopping / 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 frequency hopping and/or coverage enhancement UEs. According to the definition of CQI, UEs report the highest CQI index under assumption that a single 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%. As observed above, the current CQI definition only considers channel quality for 1 PDSCH transmission, so it does not represent the aggregated channel quality over frequency hopping or of repetition for coverage enhancement. Since frequency hopping and coverage enhancement scheme are mainly for the UEs with bad channel condition, the  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 such modes. 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. In both cases, including frequency hopping and/or repetition effect to the CQI is effective for LC-MTC UEs because it reflects how efficiently the scheme works, so that helps eNB to determine appropriate MCS and scheduling for UEs. Thus, we consider that CQI definition should be clarified to support such 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.
Proposal 7:
- CQI definition needs to be enhanced to support LC-MTC UEs in coverage enhancement properly.
Especially for CE UEs, 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. Since rank 1 transmission is assumed for the LC-MTC UEs, RI reporting may not be required. Therefore, CE level may be reported via unused RI feedback resource.
Different CQI table for the CE MTC UEs may be also considerable. Since low channel quality is expected for the coverage enhancement UE when CE does not applied, high CQI indices may be excluded from the CQI table, thus current CQI table may be adjusted with less bit fields for the CE MTC UEs. CE level feedback may be via this saved bit field, or included in the CQI table for CE MTC UEs.

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: 

-Measurement timing for RSRP/RSRQ may be considered for MTC UEs if neighbor cell measurement is required. 
Proposal 3:
- Mode 1-0 and 1-1 are supported for periodic CSI reporting.
Proposal 4:
- System bandwidth decides whether to support PUSCH reporting modes.

Proposal 5:
- New reporting modes for wideband CSI feedback only can be considered for aperiodic CSI reporting.
Proposal 6: 

- CSI measurement and report method needs to be clarified for frequency hopping MTC UEs.

Proposal 7:
- CQI definition needs to be enhanced to support LC-MTC UEs in coverage enhancement properly.
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