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1 Introduction

In RAN1#80 meeting, the agreements on CSI feedback were achieved as below [1]:
· 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

In RAN1#80bis meeting, the agreements were as below [2]:
· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured, 
· ACK/NACK and SR over PUCCH is supported.

· Periodic CSI feedback over PUCCH is supported

· FFS on details

The agreements in RAN1#81 meeting were as below [3]:

· Note: the following bullets have no implication regarding the conditions for supporting aperiodic CSI

· FFS whether the CSI reference resource needs to be extended to more than one subframe in some cases

· When CSI reporting is supported, CSI reporting by low-cost and coverage-enhanced UEs is simplified by 

· Not reporting RI

· Within a narrowband, all the RBs in the narrowband are assumed for reference measurement

· FFS: Existing CQI table is modified by introducing new or modified CQI entries for coverage-enhanced UEs

· New or modified CQI entries provide lower spectral efficiency values than currently available

· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· FFS: M is semi-statically, UE-specifically, configured, or fixed

· FFS: if and how the extension is configured

· FFS: Whether to use existing or updated CQI table 

· FFS: Entries are interpreted as corresponding to PDSCH reception over the multiple subframes M
In this contribution, further considerations on CSI feedback are discussed for Rel-13 low complexity UEs in normal and enhanced coverage.

2 CSI feedback for normal coverage
Since Rel-13 low complexity UEs have only single receive RF chain, the benefit from PMI feedback may be limited. In addition, the CSI feedback modes are related to the supported TM. If TMs associated with PMI feedback are not supported, the modes with PMI feedback will be eliminated. 
Considering that Rel-13 low complexity UEs have reduced RF bandwidth, the CSI reporting may be different from that of the legacy UEs. Some modifications should be considered for Rel-13 low complexity UEs.
2.1 Periodic CSI feedback
· Wideband CSI feedback

Since Rel-13 low complexity UEs have reduced RF bandwidth, the wideband CQI reported in subframe n can be defined as the CQI value of a narrowband, in which UE receive downlink signals in subframe n-nCQI_ref. The definition of nCQI_ref  is same as that in current specification.
Alternatively, we can extend the CSI reference resource to acquire a wideband CSI. For example, the CSI reference resource in time domain is extended to multiple subframes and CSI reference resource in frequency domain can be defined as the reception bandwidth of these subframes. The reported CQI is an average value within a period. It seems to be feasible if slowly time-varying channel is assumed for Rel-13 low complexity UEs. However, the CQI may not match the narrowband in which a Rel-13 low complexity UE is scheduled. Therefore, this definition is not suitable for Rel-13 low complexity UEs.
· Subband CSI feedback

Subband based CSI feedback is not applicable for Rel-13 low complexity UEs because there is at most one subband in a narrow band. Some alternatives of modification are considered as below.
Alt. 1: The UEs measure the CSI reference resource of a corresponding narrowband in a measurement subframe and report CSI in a reporting subframe. Preferably, in order to obtain the CSIs of all available narrowbands, it could be specified that UEs measure through all available narrowbands in measurement subframes. As shown in Figure 1, the system bandwidth is 5MHz, and four available narrowbands are defined. UE measures all available narrowbands in four measurement subframes. 
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Figure 1 Modification of Subband CSI feedback - Alt. 1
Alt. 2: Similar to current subband CSI feedback based on Bandwidth Part (BP), a measurement subframe set with multiple subframes is defined, during which a Rel-13 low complexity UE measures the CSI reference resources in multiple narrowbands and selects the preferred one, and reports the preferred CSI and its related narrowband index in the reporting subframe. Preferably, it could be specified that UEs measure through different available narrowbands during the measurement subframe set as shown in Figure 2. 
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Figure 2 Modification of Subband CSI feedback - Alt. 2
If same reporting period is applied, compared with Alt 1, Alt 2 can get the CSI information of narrowbands with the best CQI(s) across the whole system bandwidth in much shorter period, and less overhead is expected for Alt 2. But Alt 1 can report CSI information of each measurement narrowband. Alt 1 and Alt 2 can be used for different scenarios. 
Proposal 1: For Rel-13 low complexity UEs, wideband CSI can be defined as the CSI measured in a narrowband in a single subframe. 

Proposal 2: For Rel-13 low complexity UEs, subband CSI feedback can be based on single narrowband in a measurement subframe or multiple narrowbands in a measurement subframe set.
2.2 Aperiodic CSI feedback

In current specification, the aperiodic CSI feedback mode is configurable by eNB. In FDD, when eNB transmits a DCI with CSI request in subframe n-4, the UE will report CSI in subframe n, which is measured in subframe n-4.

For Rel-13 low complexity UEs, similar way can be adopted. Rel-13 low complexity UEs report the CSI measured in subframe n-4, and the CSI reference resource in frequency domain can only be the narrowband in which the DCI with CSI request is transmitted. In order to avoid the aperiodic CSI feedback always in a single narrowband, M-PDCCH hopping among available narrowbands needs to be supported.
In order to make the subband CSI feedback more efficient, multiple narrowbands can be reported. As shown in Figure 3, UE is triggered to measure in a time window in subframe #1, then eNB requests UE to report CSI in subframe #2. The benefit of this two-trigger scheme is that the eNB can configure the measurement subframe and reporting subframe independently. The time window can be regarded as a measurement subframe set. Preferably, it could be specified that UEs measure through different available narrowbands during the measurement subframe set. Alternatively, if subframe #1or #2 have some implicit relationship with the reporting subframe, eNB can only transmit a single trigger signaling in either subframe #1or #2. For example, there is a predefined interval between the reporting subframe and the subframe # 1 or #2.
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Figure 3 Optimization of aperiodic CSI feedback
For the aperiodic CSI feedback triggered by RAR, similar to the discussion above, the CSI can be defined as the CSI value(s) of a subframe or during the measurement subframe set.

Proposal 3: For Rel-13 low complexity UEs, aperiodic CSI feedback based on N (N>1) subframes are supported, N is FFS. 
3 CSI feedback for coverage enhancement
It is agreed that CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement. The reported CQI can be interpreted as corresponding to PDSCH reception over the multiple subframes M.

Since different UEs may have different coverage enhancement level, the UEs may not feedback proper CQI value if fixed value of M is applied. UE-specific configuration of M is preferable. M can be configured by RRC signaling or determined by the UE’s coverage enhancement level. Specifically, the CSI reference resource in time domain could be the latest M (M>1) valid downlink subframes before n-nCQI_ref (including n-nCQI_ref). The definition of the valid downlink subframe is similar to current specification. If value of M is configured by RRC signaling, a UE would always report CQI index#0 if value of M is incorrectly configured. The feedback may be not useful for eNB scheduling. In order to avoid this case, multiple values of M can be configured for the UE, the UE would report the proper CQI and corresponding value of M; or alternatively, more entries for lower code rate would be introduced to current CQI table in order for supporting the UE to report the proper CQI index.  Furthermore, in order to avoid increase of the reporting overhead, the higher order modulation (16QAM and 64QAM) can be eliminated in this case.
Proposal 3: For small coverage enhancement, multiple values of M can be configured. 

·  Value of M can be configured by RRC signaling or determined by UE’s coverage enhancement level.
· The UE would report the appropriate CQI and corresponding value of M.
4 Conclusions
Considerations on CSI feedback for Rel-13 low complexity UEs in normal and enhanced coverage are discussed in this contribution. We have the following proposals:

Proposal 1: For Rel-13 low complexity UEs, wideband CSI can be defined as the CSI measured in a narrowband in a single subframe. 

Proposal 2: For Rel-13 low complexity UEs, subband CSI feedback can be based on single narrowband in a measurement subframe or multiple narrowbands in a measurement subframe set.
Proposal 3: For small coverage enhancement, multiple values of M can be configured. 

·  Value of M can be configured by RRC signaling or determined by UE’s coverage enhancement level.

· The UE would report the appropriate CQI and corresponding value of M.
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