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1 Introduction
The following agreements achieved at RAN1#82bis may affect the discussion on CSI measurement and feedback:
Agreement:
· Confirm working assumption with updates:

· For Rel-13 low complexity UEs in normal and small enhanced coverage, under cross-subframe scheduling,

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

· This doesn’t preclude predefined frequency hopping 

· FFS: Details on resource allocation field in DCI 

· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs

· CSI measurements can be restricted to a subset of the available  narrow-bands

· FFS: details

· Two CE modes are specified for RRC_CONNECTED UEs:

· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions

· CE Mode B describes a set of behaviours for large number of repetitions

· The CE mode is signalled to the UE 

· For each physical channel, there may be some common numbers of repetitions which can be used in CE Mode A and CE Mode B

· Detailed association of DCI formats, CSI feedback, etc. is FFS

Agreement:

· For LC/CE UE, KMIMO=1 for transmission mode/scheme TM9

· FFS whether channel measurement for CSI is based on CRS or CSI-RS

· Overall, LC UEs and UEs operating CE support:

· Transmission mode/scheme TM1, TM2, TM6 for CRS-based

· Transmission mode/scheme TM9 for DMRS-based

· Note that transmission behaviour related to cross subframe channel estimation/symbol combining is separate discussion

· Note: 

· DCI contents for each case are FFS

· Details CSI feedback is FFS

In addition, the LS from RAN4 on measurement gap [1] is also taken into account for the discussion in this contribution. 
2 CSI measurement
Two CE modes are specified for UEs in RRC_CONNECTED. Mode A describes a set of behaviours for no and small number of repetitions; Mode B describes a set of behaviours for a large number of repetitions. It might be very difficult to obtain CSI by measuring CRS within a narrowband (of 6PRBs) in Mode B (at very low SNR). On the other hand, frequency hopping is expected to be configured for CE Mode B, although there is no agreement yet on whether frequency hopping can be configured for Mode A. 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 Mode B especially when configured frequency hopping is not seen significantly beneficial. Note that as discussed in [2] the preferable hopping pattern in CE Mode B 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 for CE Mode B, especially when UE is configured with frequency hopping.

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. Therefore, in the email discussion of DCI contents, size of the “narrowband index” field in CE Mode A depends on the number of narrowbands in the system bandwidth, and how they are addressed, e.g using an offset indication relative to M-PDCCH instead of an absolute indication. It is proposed that all available narrowbands are broadcast by eNB and if in Mode B one of them to be used for unicast is configured to UE by UE dedicated signaling as proposed in [2]. Otherwise, the “available narrowbands” by default will be all of narrowbands defined for a specific carrier bandwidth. In addition to the size of the “narrowband index” field, the overall DCI size is worth taking into account when determining the number of indictable narrowbands, for example, if targeting that the DCI size in CE mode A is the same as the existing DCI size. 
If UE is in CE Mode A, 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 CSI 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 might be different from the current definition of it for normal UEs [3]. 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. 
Per the LS [1] RAN4 has discussed the measurement gap issue due to narrowband capability and retuning whenever changing the narrowband location and RAN4 assumes the current gap pattern as defined in section 8.1.2.1 of 36.133 [3] can be reused and asks for RAN1 evaluation of the impacts. For CE Mode A there is no or a small number of repetitions, the measurement gap pattern might be able to be reused and during the measurement gap there might not be data to be transmitted. However, RAN4 specifications may need to clarify the measurement gap for eMTC in Mode A is for UE measuring CSI of the indicated narrowbands within the carrier bandwidth. 
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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. However, the overall DCI size needs to be considered per the latest agreements. If indicating the narrowband index in DCI for CSI measurement results in too diverse DCI sizes or makes it hard to satisfy the overall control of the DCI size, for example, keeping the DCI size in CE mode A the same as the existing DCI size, the alternative solution can be configuring the aperiodic feedback in higher layer signaling and just keeping the bit of “trigger” in the DCI. 
Proposal 2: Reusing the current measurement gap pattern as defined in section 8.1.2.1 of 36.133 for periodic and aperiodic CSI measurements for eMTC in CE Mode A, during which UE performs CSI measurement of a subset of the available narrowbands. 

3 CSI feedback

The CSI feedback modes are related to transmission modes UE supports. From the agreements, 

· Supported: TM1, TM2, TM6, TM9

· Not supported: TM3, TM4, TM5, TM7, TM8, TM10

Since 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 [4]. 

As discussed in section 2, available narrowbands used for eMTC may either be all defined narrowbands or some indicated by eNB, 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 CE mode A. Therefore, wideband feedback may not be needed. 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 6 PRBs 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. 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. 

3.1 Regarding periodic feedback
Two modes can be defined. Mode 1 is “UE selected narrowband” feedback, for which UE measures CSI of all available narrowbands and report the CSI of the preferred narrowband. Mode 2 is “Higher layer configured narrowbands” feedback, for which UE measures CSI of each of eNB configured narrowbands and report all of them in one TTI or a series of TTIs as in a predefined order depending on the UCI size. Difference between two modes is that eNB can get concrete feedback of each of narrowbands eNB interested in Mode 2. If UE stays in a place for a long time and the preferred narrowband might be constant but not the one eNB can configure to the UE, then eNB can trigger mode 2 feedback to get chance of obtaining CSI of other narrowbands even though it might not be the UE preferred narrowband. 
3.2 Regarding aperiodic feedback

Similar to periodic feedback, there are two modes defined for aperiodic feedback. In the “UE selected narrowband” feedback mode, UE measures CSI of all available narrowbands but report in one TTI all of them or a subset of them depending on the size of the “subset” which can be defined in specifications or configured by eNB. In the “Higher layer configured narrowbands” feedback mode, UE measures CSI of each of eNB configured narrowbands and report all of them in one TTI. 

Proposal 3: For periodic feedback, two modes are defined. 

· Mode 1: “UE selected narrowband” feedback, for which UE measures CSI of all available narrowbands and report the CSI of the preferred narrowband.
· Mode 2: “Higher layer configured narrowbands” feedback, for which UE measures CSI of each of eNB configured narrowbands and report all of them in one or multiple TTIs depending on UCI size.
Proposal 4: For aperiodic feedback, two modes are defined. 

· Mode 1: “UE selected narrowband” feedback, for which UE measures CSI of all available narrowbands but report a subset of them. The size of the subset can be defined in specifications or configured by eNB. 
· Mode 2: “Higher layer configured narrowbands” feedback, for which UE measures CSI of each of eNB configured narrowbands and report all of them in one TTI.
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 for CE Mode B, especially when UE is configured with frequency hopping.

Proposal 2: Reusing the current measurement gap pattern as defined in section 8.1.2.1 of 36.133 for periodic and aperiodic CSI measurements for eMTC in CE Mode A, during which UE performs CSI measurement of a subset of the available narrowbands. 

Proposal 3: For periodic feedback, two modes are defined. 

· Mode 1: “UE selected narrowband” feedback, for which UE measures CSI of all available narrowbands and report the CSI of the preferred narrowband.
· Mode 2: “Higher layer configured narrowbands” feedback, for which UE measures CSI of each of eNB configured narrowbands and report all of them in one or multiple TTIs depending on UCI size.
Proposal 4: For aperiodic feedback, two modes are defined. 

· Mode 1: “UE selected narrowband” feedback, for which UE measures CSI of all available narrowbands but report a subset of them. The size of the subset can be defined in specifications or configured by eNB. 
· Mode 2: “Higher layer configured narrowbands” feedback, for which UE measures CSI of each of eNB configured narrowbands and report all of them in one TTI.
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