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1 Introduction
CSI measurement and feedback was discussed at RAN1#81 and the following agreements were achieved:

Agreement:
· 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
Agreements:
· 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
This contribution further discusses CSI measurement and feedback based on the above agreements. 

2 CSI measurement
It was agreed all narrowbands are of a size of 6 PRBs, the remaining RBs are divided evenly at both ends of the system bandwidth, and the narrowbands are numbered in order of increasing PRB number at RAN1#82. It was also agreed that “a set of DL and UL narrowbands are known to UEs” (at RAN1#80bis) and “CSI measurements can be restricted to a subset of the available narrowbands” (at RAN1#81). RAN1 has not agreed yet how UE knows the set of DL/UL narrowbands and what the “available narrowbands” are. It is proposed that all available narrowbands are broadcast by eNB and one of them to be used for unicast is configured to UE by UE dedicated signaling as proposed in [1]. Otherwise, the “available narrowbands” by default will be all of narrowbands defined for a specific carrier bandwidth, which is unfavorable as compact DCI with less bits indicating one of a small set of narrowbands for cross-narrowband scheduling PDSCH when applicable is expected and eNB may also want to guarantee normal UEs communication by precluding some of narrowbands used for MTC. If frequency hopping is enabled for coverage enhancement, the hopping pattern will be configured as well. However, frequency hopping is expected to improve performance in coverage enhancement, and naturally robust transmission scheme, e.g., MCS, is expected to be used as well to improve performance so as to reduce the number of repetitions. Therefore, CSI measurement and feedback for UEs in CE and configured frequency hopping is not seen significantly beneficial. Note that as discussed in [1] the preferable hopping pattern for unicast in CE is hopping between edges of the carrier, so UE is not expected to measure CSI to assist eNB to judge which narrowbands UE wishes to be used for hopping. 

Proposal 1: It is not recommended to perform CSI measurement and feedback when a UE operating CE for unicast is configured with frequency hopping.

If UE is not configured to use frequency hopping, with the exception of the early stages of the random access procedure, eNB is expected to be able to schedule or configure UE onto the good channel quality narrowband among all available narrowbands as long as UE can measure CSI and feedback in a timely way. However, UE can only simultaneously measure CSI on the working narrowband which UE is scheduled to receive downlink on or expected to monitor, as UE at most can be able to measure CSI over a narrowband per subframe as illustrated in Fig. 1. 

If eNB can configure UEs to periodically measure and feedback CSI reports of all available narrowbands, eNB can choose one best of them and reconfigure it to be the UE unicast narrowband. In addition, eNB may have a candidate unicast narrowband in advance to reconfigure a MTC UE onto for the sake of flexible scheduling but not sure whether the CSI of the candidate is good enough. In such a case, eNB can trigger UE to measure the CSI of the indicated narrowband and feedback the CSI report aperiodically. 

As in Fig. 1 five narrowbands are available for MTC and UE is configured to work on NB0. In order to measure CSI on other available narrowbands, a few subframes (called measurement gap) are needed, during which UEs are expected to measure CSI on the measurement narrowbands and shall assume there is no downlink scheduled onto the working narrowband. Alternatively, UEs assume the downlink can only be scheduled onto the measurement narrowband, so that UEs can measure CSI and receive the downlink data at the same time. Note that the measurement gap discussed here is different from the definition of it for normal UEs [2]. It means the period during which UEs perform CSI measurement of an “available” narrowband for MTC per measurement time in a serving cell in this contribution. Note CSI of the working narrowband in green as in Fig. 1 may also be expected be measured and feedback, and UEs can measure the CSI when receiving the downlink on the working narrowband. The measurement time for non-CE is one subframe and can be M subframes for CE, where M is the same meaning as in the agreement. 
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Fig. 1: UE measures CSI on available narrowband
1) CSI measurement for periodic feedback

Before UE performs periodic CSI measurement and feedback the reports, UE needs to obtain the related configuration including the measurement gap, the sequence of narrowbands for measurement, and the sequence of narrowbands for CSI reports. 

2) CSI measurement for aperiodic feedback

The trigger for aperiodic feedback can be indicated in an uplink DCI format or a RAR Grant as that for normal UEs. The difference is that the trigger also indicates the index of the particular narrowband for CSI, and note that a measurement gap is still needed during which UE shall assume no downlink on the working narrowband. eNB can trigger CSI reports of multiple available narrowbands and signal the indices of narrowbands for measurement or feedback. 

Proposal 2: Define a period (e.g., measurement gap) for periodic and aperiodic CSI measurements for MTC, during which Rel-13 low complexity MTC UE performs CSI measurement and assumes the downlink will be scheduled in the narrowband that is to be measured. 

3 CSI feedback

The CSI feedback modes are related to transmission modes UE supports that was discussed at the last meeting. From the agreements, 

· Supported: TM1, TM2, TM9

· Not supported: TM3, TM4, TM5, TM7, TM10

· FFS on: TM6, TM8

If TM6 is supported, PMI feedback is required. A UE in transmission mode 8 or 9 can be configured with or without PMI/RI reporting by the higher layer parameter pmi-RI-Report [3]. 

As discussed in section 2, all available narrowbands that can be used for MTC are broadcast in the cell, and it was agreed that the CSI measurement can be restricted to a subset of the narrowbands, i.e. CSI is subject to these available narrowbands. There are two benefits from CSI measurement and feedback: eNB can choose an appropriate narrowband for a specific UE unicast and choose an appropriate MCS within the chosen narrowband for normal CE or small CE. Note it was agreed that the narrowband here is a size of 6 PRBs and all the PRBs within the narrowband are assumed for reference measurement for CSI, which is understood that the narrowband of 6PRBs is not further divided into smaller subbands for CSI measurement and feedback as no or very little frequency diversity is envisioned from such a case but repetition is still needed to feedback the CSI measurement. Therefore, it is seen that the CSI measurement subject to the available narrowbands has a different meaning from the definition of subband for CSI measurement and feedback in the current specifications for normal UEs. Hence, the legacy feedback modes do not apply to the case for MTC. 

Based on two applications of periodic and aperiodic feedback, at least one mode “eNB configured narrowbands” can be defined. For periodic, eNB configures all available unicast narrowbands for UEs to periodically measure and feedback; for aperiodic, eNB triggers UE to measure and feedback CSI for the “eNB-interested narrowbands” which are some of available narrowbands. For PMI reporting, eNB can configure whether it is on/off for TM9. 

Proposal 3: Define a “eNB configured narrowbands” feedback mode for MTC. 
4 Conclusions
This contribution focuses on the discussion of the CSI measurement and feedback for MTC UEs based on the achieved agreements, which leads to the following proposals:

Proposal 1: It is not recommended to perform CSI measurement and feedback when a UE operating CE for unicast is configured with frequency hopping.

Proposal 2: Define a period (e.g., measurement gap) for periodic and aperiodic CSI measurements for MTC, during which Rel-13 low complexity MTC UE performs CSI measurement and assumes the downlink will be scheduled in the narrowband that is to be measured. 

Proposal 3: Define a “eNB configured narrowbands” feedback mode for MTC. 
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