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1  Introduction

This contribution discusses on CSI feedback support for eMTC. 
2 Discussions
2.1 Wideband CQI definition
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 measured in different time 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 narrowband set configured for frequency hopping of M-PDCCH or narrowbands monitored by UE during the measurement. From a UE perspective, it can average SINR measurement from any narrowbands configured for wideband CSI measurement. In case different narrowband set is used for PDSCH transmission from M-PDCCH, whether to allow using such narrowbands used for PDSCH transmission or not needs to be clarified. Given that M-PDCCH monitoring is periodic operation and a UE will continuously perform, we have a slight preference to include only narrowbands used for M-PDCCH monitoring for wideband CQI measurements. 
Proposal 1:  Proposal: Wideband CQI is supported. Wideband CQI is measured over narrowbands which a UE monitors. In other words, reference resource of wideband CQI consists of multiple narrowbands in different time, which can be averaged for wideband CQI computation. One example of set of narrowbands is the set of narrowbands used for M-PDCCH transmission. 
2.2 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. As agreed, reference resource subframe can be multiple for CSI measurement, thus, depending on the number of narrowbands and size of ‘m’ for reference resource, the measurement gap length can be rather large, which may lead considerable overhead. Thus, we prefer not to specify any measurement gap for CSI measurement due to the overhead. Instead, the UE can monitor narrowbands used for M-PDCCH frequency hopping for subband and wideband CSI measurements. 
Proposal 2:  For subband CQI reporting, a subset of narrowbands for CQI reporting can be implicitly indicated by the network. The set of narrowbands would be a set of narrowbands used for M-PDCCH transmission for the given UE. 
It has been discussed how to handle in case of frequency hopping is not used, while achieving frequency selective scheduling. In case frequency hopping is not used, a UE may be configured with a set of narrowbands to monitor. However, this needs to be configured also with a measurement gap. Overall, we consider introduction of a measurement gap for CSI measurement would not be very desirable. One way is to use same measurement gap configured for intra-frequency measurement. 
Proposal 3:  In case frequency hopping is not used, consider configuration of ‘m’ subbands for CSI measurements. Measurement gap for intra-frequency measurement can be used also for this purpose. In this case, we do not see a strong motivation to support wideband CQI as well.
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.
2.3 Reference resource and RS
Configuration of ‘m’:

For an UE in small DL coverage enhancement, CSI reference resource will be extended to span multiple subframes M (M > 1). It is straightforward that M value is UE specific depending on the coverage enhancement (CE) level since each UE will experience different channel condition and required CE level will also be different for each UE. Different CE level will result in the different M value. In addition, the required CE level may be changed depending on the channel condition. Hence, it is desirable for M value to be configured semi-statically. 
Proposal 4:   The M value is UE specific value depending on the CE level. This can be implicitly determined by CE level configured to the UE on PDSCH or M-PDCCH. One way is to select the minimum repetition number from the set of PDSCH repetition levels corresponding to the CE level configured to the UE. 
CRS only vs CRS and CSI-RS:

Generally, due to the lower bandwidth and lower SINR, feedback based on CSI-RS could be challenging. Also, it is challenging to repeat CSI-RS as it’s cell-specific RS without impact legacy UEs. In that sense, we consider that we can focus on CRS only feedback in Rel-13 eMTC work. 

Proposal 5:  Not support CSI-RS based CSI measurement. 

2.4  CQI table design
Assuming CE level would be changed into a lower one, UE may report CQI index corresponding to out-of-range, which may result in no DL PDSCH transmission because of no matched CQI value with current channel condition. In this case, we can define several CQI indices representing lower spectral efficiency values, which avoid the situation what we discussed above. The number of newly introduced CQI indices may be enough to the SNR gap between consecutive CE levels assuming that most of CE level changes will happen between consecutive CE levels. For example, if the SNR gap between consecutive CE levels would be 5 dB, 2 or 3 CQI indices representing lower spectral efficiency values may be required considering that the SINR spacing between CQI indices is about 1.89 dB. 
It is required to introduce new CQI entries to support lower operating SINR. We can replace CQI indices representing 64QAM with CQI indices for lower operating SINR range. Considering this aspect, we can design CQI table to support CE MTC without additional signalling overhead. In table 1, CQI table with 3 new entries is shown. 
Proposal 6:  New CQI entries to support lower operating SINR can be introduced without additional signalling overhead.
Table 1. An example of CQI table to support lower spectral efficiency.

[image: image1.emf]CQI index  modulation  coding rate x  1024  efficiency  

0  out of range  

1  QPSK  17  0.0349  

2  QPSK  31  0.0614  

3  QPSK  53  0.1036  

4  QPSK  78  0.1523  

5  QPSK  120  0.2344  

6  QPSK  193  0.3770  

7  QPSK  308  0.6016  

8  QPSK  449  0.8770  

9  QPSK  602  1.1758  

10  16QAM  378  1.4766  

11  16QAM  490  1.9141  

12  16Q AM  616  2.4063  

13    N /A  

14  

15  

 


3 Conclusions 
The following captures the proposals related to CSI feedback.

Proposal 1:  Proposal: Wideband CQI is supported. Wideband CQI is measured over narrowbands which a UE monitors. In other words, reference resource of wideband CQI consists of multiple narrowbands in different time, which can be averaged for wideband CQI computation. One example of set of narrowbands is the set of narrowbands used for M-PDCCH transmission. 
Proposal 2:  For subband CQI reporting, a subset of narrowbands for CQI reporting can be implicitly indicated by the network. The set of narrowbands would be a set of narrowbands used for M-PDCCH transmission for the given UE. 
Proposal 3:  In case frequency hopping is not used, consider configuration of ‘m’ subbands for CSI measurements. Measurement gap for intra-frequency measurement can be used also for this purpose. In this case, we do not see a strong motivation to support wideband CQI as well.
Proposal 4:  The M value is UE specific value depending on the CE level. This can be implicitly determined by CE level configured to the UE on PDSCH or M-PDCCH. One way is to select the minimum repetition number from the set of PDSCH repetition levels corresponding to the CE level configured to the UE. 
Proposal 5:  Not support CSI-RS based CSI measurement. 

Proposal 6:  New CQI entries to support lower operating SINR can be introduced without additional signalling overhead.
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