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1. Introduction
In RAN 1 #75 meeting, PUCCH for UEs in enhanced coverage mode was discussed and agreed on some working assumptions:
Working assumption:
· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH

· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).

In this paper, we discuss the channel status report in coverage enhancement mode including what kind of information is needed in coverage enhancement mode and where to report the information.  
2. Channel status report in coverage enhancement mode
2.1. Useful channel state information

For PDSCH, eNB selects the downlink transmission configuration and related parameters depending on the instantaneous downlink channel conditions. UE reports channel status to the network, and eNB can made scheduling decisions based on the reported channel status information. In LTE system, CSI consists of channel quality indicator (CQI), precoding matrix indicator (PMI), precoding type indicator (PTI), and/or rank indication (RI), which are based on instantaneous downlink channel conditions measured by the UE. Moreover, which channel status information needs to be reported is related to transmission mode and also depends on the configuration. For example, RI and PMI do not need to be reported unless the terminal is in a spatial-multiplexing transmission mode. 
In coverage enhancement mode, spatial-multiplexing transmission may not be used, so that PMI, RI may not need to be supported. PTI is also not necessary since it is used to for dual-codebook feedback. CQI represents the recommended modulation scheme and coding rate used for the downlink transmission. Although it eNB may always use the lowest modulation scheme, i.e., QPSK, in coverage enhancement mode, different channel condition needs different repetition levels (transmission efficiency). Therefore, it will be helpful if UE can report a measurement that represents the recommended repetition levels. 
Observation #1: No need to report PMI, RI and PTI. Instead of reporting the CQI that currently represents recommended MCS (modulation and coding scheme), reporting a recommended repetition level may be more helpful in enhanced coverage mode. 
Note that not only PDSCH needs repetition, so does PDCCH and PHICH (limit to UE-specific DL channel here). There are other measurements also representing the long term channel condition. For example, RSRP, RSRQ, RSSI are measurement mainly used for cell selection/reselection and handover. There are some proposals to report RSRP to network so that eNB can learn the channel status of UE. However, RSRP is not best suited for eNB to determine the repetition number. RSRP is an absolute reference signal received power. It is hard for eNB to map a RSRP value to a repetition level for a PDSCH/PDCCH since different receivers may have quite different noise figure or different decoding performance under the same SINR (e.g., 3dB performance gap results in doubling of repetition). Similar observations are also suitable for RSRQ and RSSI. Moreover, the repetition level varies according to different TBS and different resource allocation size (or sub-band size). As a result, it is worthwhile to keep the LTE principle of implicit feedback by defining a CQI metric to directly represent the recommended repetition levels, e.g., a new table with different transmission efficiencies and/or repetition levels. It is expected to be difficult to get an accurate channel measurement at very low SINR, regardless of which measurement. The measurement accuracy can complicate the definition of any CQI metric. Further work is needed, perhaps also to involve RAN4.  
Observation #2: Explicit feedback like RSRP and RSRQ are not suitable for eNB to determine the repetition number for PDSCH/PDCCH. It is hard for eNB to map a RSRP value to a repetition level for a PDSCH/PDCCH since different receivers may have quite different noise figure or different decoding performances under the same SINR. Moreover, the repetition level varies according to different TBS and different resource allocation size.
Proposal #1: In principle, introduce a new CQI metric that can directly represent the recommended repetition levels in coverage enhancement mode. Further study is needed on the definition and possible measurement accuracy. 
2.2. Where and how often to report the channel status

Currently, CSI is reported in PUCCH or PUSCH as an uplink control information (UCI) while RSRP is reported in RRC message and triggered by some events or by eNB. In coverage enhancement mode, the UE is most likely to be stationary so that the channel is not expected to vary much (e.g., 1Hz Doppler is assumed in the simulation assumption in SI phase [3]). Therefore, frequent UCI is not necessary in coverage enhancement mode. Besides, UCI does not have CRC to check (both in PUCCH or PUSCH) so that UE does not know if the decoded CSI is correct or not – more likely to be incorrect in a very low SNR condition.
Using MAC layer or RRC message are two other options for CSI report. Reporting CSI in RRC message has larger resource overhead and longer latency than in MAC layer. Besides, before RRC connection, there is no chance for CSI report if the CSI is reported in RRC message. Instead, if CSI is reported in MAC layer, Msg 3 can be used, so that eNB can select a proper repetition levels for Msg 4 and the following PDSCH transmissions. 
Proposal #2: Consider reporting channel status in MAC layer including in Msg 3 instead of as UCI in coverage enhancement mode. 
3. Conclusion
In this paper, we analyzed CSI report including what kind of measurement and where to report CSI. Some observations are made:
Observation #1: No need to report PMI, RI and PTI. Instead of reporting the CQI that currently represents recommended MCS (modulation and coding scheme), reporting a recommended repetition level may be more helpful in enhanced coverage mode. 
Observation #2: Explicit feedback like RSRP and RSRQ are not suitable for eNB to determine the repetition number for PDSCH/PDCCH. It is hard for eNB to map a RSRP value to a repetition level for a PDSCH/PDCCH since different receivers may have quite different noise figure or different decoding performances under the same SINR. Moreover, the repetition level varies according to different TBS and different resource allocation size.
Based on the observations, we proposed:
Proposal #1: In principle, introduce a new CQI metric that can directly represent the recommended repetition levels in coverage enhancement mode. Further study is needed on the definition and possible measurement accuracy. 
Proposal #2: Consider reporting channel status in MAC layer including in Msg 3 instead of as UCI in coverage enhancement mode. 
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