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1. Introduction
In RAN1#81 we agreed on some aspects of CSI namely:

· 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
This contribution discusses the measurement aspects of CSI.

2. Discussions
In the legacy system the UE can be configured to provide CQI report for Wideband (a value for entire system bandwidth), eNB configured subbands and UE selected subband.  All of these CQI configurations require the UE to measure the entire system bandwidth.  
Since LC-MTC UE can only receive in one narrowband at a time, it is not possible for LC-MTC UE to receive a message in one narrowband and perform CQI measurement on another narrowband.  Recognizing this, measurement gaps were proposed by several companies [1], [2], [3], where the eNB configures some subframes, i.e., measurement gaps, that are not scheduled (MPDCCH or PDSCH) so that the LC-MTC UE can tune to different narrowbands to perform its CQI measurements during these measurement gaps.  Such measurement gaps can also be used for other measurements such as RSRP or neighbor cell measurements.  Such measurement gaps are useful especially in normal coverage.  In Coverage Enhanced mode especially in deep CE mode, the LC-MTC UE is expected to perform frequency hopping, where it can perform measurements on the narrowbands that it hops onto.
Proposal 1: Measurement gaps, i.e., subframes that is not scheduled (MPDCCH or unicast PDSCH), are configured for LC-MTC UE for the purpose of inter-narrowband measurements.

In the legacy system, the subband size of the CQI measurement is dependent upon the system bandwidth, where the subband size can be 4, 6 or 8 PRBs.  For system bandwidth of 6 PRBs (1.4 MHz) no subband size is defined but only wideband CQI is used, i.e., the measurement bandwidth for CQI is 6 PRBs.  Since LC-MTC bandwidth is 6 PRBs, we see no benefit of having a subband size that is less than 6 PRBs.  Instead, the CQI subband size is fix to be the same as the narrowband size of 6 PRBs [4].  Each narrowband would therefore act as a subband for CQI measurements, i.e. the subbands frequency boundaries are the same as those of the narrowbands.
Proposal 2: The CQI subband size is 6 PRBs and the CQI subbands share the same frequency boundaries as those of the narrowbands.

Since LC-MTC UE can measure one narrowband at a time, an obvious way of measuring all the narrowbands of the system bandwidth is to provide sufficient measurement gaps for the LC-MTC UE cycle through each narrowbands within the system bandwidth.  An example is shown in Figure 1, where the system bandwidth consists of 8 narrowbands, labelled as NB01, NB02, …, NB08.  Here we assume 1 OFDM frequency retuning time and the LC-MTC UE measures a narrowband in a subframe.  The LC-MTC UE would cycle through all 8 narrowbands within 8 subframes as shown in Figure 1.  Such measurement would require a measurement gap that is 8 subframes long in normal coverage.  Once the LC-MTC UE completes one cycle, it can calculate the wideband CQI (e.g. taking an average [4]) or select a UE preferred narrowband.  It should be appreciated that in coverage enhanced mode, it may take longer for each narrowband measurement.
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Figure 1: Cycling through narrowbands for CQI measurements
Figure 1 is only an example and it is of course possible to have other measurement patterns, e.g., one subframe per radio frame is configured as measurement gap.  The characteristics of the measurement gap such as periodicity and length of each gap can be RRC configured.

Proposal 3: The characteristics of the measurement gap such as periodicity and length of each gap is RRC configured.

Providing CQI measurements that spans all narrowbands within the system bandwidth is useful.  However, such measurements consume LC-MTC UE battery power especially if it is performed very frequently and over a large number of narrowbands (e.g. 16 narrowbands in 20 MHz system bandwidth).  In situation where the LC-MTC UE battery power is low, it would be beneficial if such measurement is reduced.  One way of reducing it is to allow the LC-MTC UE to skip some narrowbands.  In the 8 narrowband example of Figure 1, the LC-MTC UE can skip every other narrowband as shown in Figure 2.  The LC-MTC UE can indicate in its CSI report whether it has skipped any narrowbands and which narrowbands it has skipped so that the eNB can estimates those narrowbands that te LC-MTC UE has skipped if deemed necessary.  It should be appreciated that LC-MTC UE application is more than just smart meters fixed in some basement but rather it can be used in wearable devices.  In such wearable devices, the LC-MTC UE can move resulting in a fast channel. Since by skipping some narrowband measurements the LC-MTC UE can complete the measurement faster, it can thereby provide more accurate (more recent measurements) report to the network, which is beneficial in a fast channel.  For example in Figure 2., the LC-MTC UE is able to complete the measurements in half the time thereby the measurements for say NB01 would be more recent compared to that in Figure 1, where the measurement on NB01 may no longer be valid in a fast channel. 
Proposal 4: In low battery or fast channel, the LC-MTC UE is allowed to skip some narrowbands in performing CQI measurements.

Proposal 5: The LC-MTC UE indicates in its CSI report which narrowbands it has skipped measuring.
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Figure 2: Skipping narrowbands
It is possible for eNB to control which narrowband the LC-MTC UE is allowed to skip when the UE battery is low (or channel is fast).  One way of achieving this is for the eNB to provide the LC-MTC UE with at least two measurement sets of narrowbands, where one of the set consists of the narrowbands that the eNB desires and another set contains a reduced number of narrowband that is acceptable to the eNB when LC-MTC UE’s battery is low.  
3. Conclusion
This contribution discusses CQI measurements for LC-MTC UE.  We propose:
Proposal 1: Measurement gaps, i.e., subframes that is not scheduled (MPDCCH or unicast PDSCH), are configured for LC-MTC UE for the purpose of inter-narrowband measurements.

Proposal 2: The CQI subband size is 6 PRBs and the CQI subbands share the same frequency boundaries as those of the narrowbands.
Proposal 3: The characteristics of the measurement gap such as periodicity and length of each gap is RRC configured.
Proposal 4: In low battery or fast channel, the LC-MTC UE is allowed to skip some narrowbands in performing CQI measurements.

Proposal 5: The LC-MTC UE indicates in its CSI report which narrowbands it has skipped measuring.
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