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1. Introduction
In RAN1#81, there were agreements on CSI feedback for low cost MTC as followings [1]: 
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
Confirm the following revised working assumption at RAN1#80bis meeting
Working assumption:
· For Rel-13 low complexity UEs in normal [FFS: 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
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
This doesn’t preclude predefined frequency hopping 	

In this contribution, we discuss the design of CSI feedback for Rel-13 MTC UEs. Particularly, it discusses some issues about wideband/subband CSI feedback mechanisms including feedback mode and CQI computation considering the reduced bandwidth and also coverage enhancements. 
2. Discussion 
[bookmark: _GoBack]It is agreed that a low complexity UE can monitor only one narrowband at a given time where the size of one narrowband would not exceed 6PRBs. Firstly, we discuss wideband CQI measurement. Definition of ‘wideband’ may be reconsidered for MTC UEs, in contrast to current ‘wideband’ that represents the system bandwidth. Since MTE UEs cannot use system bandwidth as a whole, conventional wideband would not properly work. Considering this, two options are possible. One is not to report any wideband CSI feedback where a UE may report only one or a few subband CSI feedbacks. The other option is to redefine the definition of wideband CSI feedback such that wideband CSI is performed over narrowbands which are monitored by a UE such as from frequency hopping of M-PDCCH repetitions. For example, if four narrowbands are used for M-PDCCH for a given UE with frequency hopping, to determine proper modulation and TBS for the UE, either four subbands CQIs are needed or one wideband CQIs averaged over four narrowbands can be considered. To minimize the overhead of measurement and reporting, the definition of  ‘wideband’ CQI can be revised to indicate that the averaged CQI over the subbands set configured for frequency hopping. For example, if M-PDCCH narrowband hops across narrowbands in the entire system bandwidth, this wideband CQI can be measured across M-PDCCH regions over multiple subframes. In other words, from a UE perspective, it can average SINR measurement from any narrowbands configured for M-PDCCH regions for the UE for wideband CSI measurement. 
According to the above wideband definition for MTC UEs, wideband CSI can also be the CSIs for frequency hopping. 

2.1. Channel estimation and reporting for LC-MTC UEs
Cross-narrowband scheduling based on subband CSI feedback is also considered for MTC UEs, and it was agreed that CSI feedbacks can be restricted to a subset of narrowbands. For efficient narrowband selection based on CSI feedback, it would be considerable to report subband CSI feedback(s) on one or a few narrowbands.  In summary, we define a subband CSI is that a UE measures SINR for the given narrowband only and can perform average over measurements only from the same narrowband. In contrast, we consider that a wideband CSI can be measured/averaged over any narrowband which a UE may monitor at a given moment. 
Based on the definition of subband and wideband for MTC UEs presented above, following feedback combination can be considered in each cases.
<Table 1. CQI reporting for MTC UEs>
	
	no cross-subband scheduling
	cross-subband scheduling

	no frequency hopping
	“1” subband or “M” subbands
	“M” subbands

	frequency hopping
	wideband + “1” subband or “M” subbands
	wideband + “M” subbands


To find an appropriate subband for PDSCH for MTC UE, several subbands candidates for PDSCH need to be measured. If a UE needs to monitor different narrowbands which could be potentially different from the narrowband where M-PDCCH can be scheduled, frequency retuning and a CSI measurement gap are necessary. This implies that the number of occasions that a UE can monitor on a specific narrowband would be limited. Since all subband measurement is not feasible considering that it takes too much time to measure all subband, with individual retuning time and measuring process, thus it would be acceptable to restrict the number of measured subband (in this contribution, M subbands). It is however not easy for a network to select only a few narrowbands for CQI measurement without knowing the channel characteristics of each narrowband. To mitigate this issue, one approach is to make a set of groups where each group consists of a few narrowbands and the network configures a set of groups for the subband CQI measurement. A UE may report only one CQI narrowband per each configured group to minimize reporting overhead. In terms of selecting one CQI, considering measurement overhead, it can be left up to UE implementation. Also, to minimize the measurement overhead, a UE may assume that interference measurement over narrowbands within a group can be averaged.  By this, the number of samples to get a stable interference measurement within a group can be reduced.
To support periodic CSI report for subband other than monitoring subband, certain time gap for subband measurement may be introduced. However, considering overhead of providing periodical time gap, such time gap may be limited to be within several subframes. Therefore, to perform subband measurement, subband number M and a set of subbands may be configured to complete subband CSI measuring within the given time gap.
Proposal 1:  For subband CQI reporting, a subset of narrowbands for CQI reporting can be indicated by the network. 

In aperiodic CSI request, we can further consider utilizing two bits for CSI request where each state may trigger different set of narrowbands to be reported. This can allow more flexibility in terms of narrowband set configuration for CQI measurement. 
Wideband CSI may be considered with the definition of wideband for MTC UEs, as mentioned above. For example, in frequency hopping and no cross-subband scheduling case, MTC UEs may use frequency hopping for control channel, and schedule certain subband for PDSCH transmission. For PDCCH channel condition reporting, CSIs considering hopping effect would be beneficial. In this case, CSIs with frequency hopping may be the good candidate for wideband CSIs.
Proposal 2:  If frequency hopping across narrowbands is used, reporting of wideband CQI can be considered. In that case, wideband CQI is the average CQI measurement over narrowbands monitored by a MTC UE.

As seen in table 1, ‘subband only’ reporting mode may be considered for MTC UEs when frequency hopping is not configured to MTC UEs. In no frequency hopping and no cross-subband scheduling case, UEs do not need to measure averaged CSI over multiple subbands. Since UEs in that case only require subband-wise CSI report to select subband with good channel condition, feedback only subband CSI would be beneficial to MTC UEs.
Proposal 3:  ‘Subband only’ feedback mode is considered for MTC UEs when frequency hopping across narrowbands is not used

For subband CSI reporting, subband only reporting mode may be introduced, and due to the limited size of feedback container, one subband CSI may be reported on one PUCCH at a time. This round-robin subband CSI reporting is similar to feedback mode 2-0 or 2-1, except that there is no wideband CSI reporting and best-1 indicator feedback. Reporting CSIs of multiple subbands on one PUCCH resource may also be considered.
When a UE is in deep coverage, periodic CQI reporting can be inefficient if CQI is measured over a large number of reference subframes which will be configured as a CSI measurement gap. In other words, a long-duration measurement gap may be necessary for a UE with large CE level. In such a case, whether it is beneficial to send CSI feedback seems not clear. Some feedbacks are still necessary given that the coverage level of a UE can change. Another approach to consider is to send a long-term measurement such as RRM measurement periodically which can give an indication of the required CE level for a UE. In such a case, CSI reporting may include the required CE level which is estimated based on RRM measurement rather than CQI values. Since rank 1 transmission is assumed for the LC-MTC UEs, RI reporting may not be required. Therefore, CE level may be reported via unused RI feedback resource. 
Proposal 4:  At least in deep coverage, consider reporting of CE level based on UE RRM measurement. 

3. Conclusion
In this contribution, we discussed our views on CSI reporting regarding the reduced UE bandwidth and followings were proposed:
Proposal 1:  Consider subband CQI reporting based on the subbands groups configured by network.
Proposal 2:  If frequency hopping across narrowbands is used, reporting of wideband CQI can be considered. In that case, wideband CQI is the average CQI measurement over narrowbands monitored by a MTC UE.
Proposal 3:  ‘Subband only’ feedback mode can be considered for MTC UEs when frequency hopping across narrowbands is not used.
Proposal 4:  At least in deep coverage, consider reporting of CE level based on UE RRM measurement. 
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