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1 Introduction

RAN1#80 discussed CSI feedback for the Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] and agreed the following:
· Consider simplified channel feedback for MTC power savings at least for coverage enhanced MTC UEs

· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement

Hence only aperiodic CSI report is needed for UEs in large coverage enhancement. It is yet to be decided what format(s) the CSI report should use.

In this contribution, we discuss channel state information (CSI) estimation and transmission in the UE, which is necessary for proper modulation and coding rate selection in eNodeB. 
2 CSI reference resource
For normal UE operation, the CSI reference resource is defined with reference to a single subframe. However, for low complexity and/or coverage enhanced (LC/CE) UEs, repetition across multiple subframes is frequently necessary [4]. Hence the CSI reference resource should be updated to allow the possibility of repetition across subframes. 

A simple modification to the existing CSI reference resource [2] is illustrated below, where the only change is to include the number of repetitions nrep.
The CSI reference resource for a serving cell is defined as follows:

-
In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

-
In the time domain, 
-
the CSI reference resource is defined by one or more downlink or special subframes ranging from subframe (n-nCQI_ref –nrep +1) to subframe (n-nCQI_ref ), where subframe n is the subframe index of CSI reporting, and nCQI_ref (usually = 4) depends on CSI reporting mode, and nrep is the closest number of repetitions corresponding to the CQI value.
Proposals:

· CSI reference resource is extended to span over multiple subframes for LC/CE UEs.
3 CSI formats
In the existing LTE system, both periodic and aperiodic CSI reporting are supported. The periodic reporting is primarily carried over PUCCH. The aperiodic reporting is carried by the PUSCH data channel. The CSI report includes CQI, PMI, and RI.

In terms of RI, since single receiving antenna is assumed for low complexity UE, the rank indicator is always 1. Hence RI does not need to be reported. Furthermore, there is no need to report a second PMI, since only one codeword is possible.  In terms of the CQI/PMI calculation, the known RI information can be taken into account such that CQI/PMI calculation is conditioned on rank 1 (i.e., RI=1) always. Taking these factors into account, the CSI reporting formats for low complexity UE can be simplified to reduce the signaling overhead.

Since the low complexity UE is limited to 6-PRB reception in both RF and baseband, further simplification is possible. It is to be discussed if all the PUCCH CSI reporting modes and PUSCH CSI reporting modes are still useful for the low complexity UE. For example, it may be sufficient to report a single wideband CQI covering the 6 PRBs configured to the UE.  If there is a need to report channel condition across the entire system bandwidth, the low complexity UE is not capable of such observation in a single subframe. Rather, the eNodeB needs to configure the UE to cycle through the entire system bandwidth over multiple subframes.
Proposals:

· CSI reporting by LC/CE UEs is simplified by taking into account RI=1 and reduced bandwidth of 6 PRBs.
4 CQI range
Since the Rel-13 LC/CE UE can operate in normal coverage and enhanced coverage, the proper modulation and coding rate range may vary dramatically depending on the amount of coverage enhancement. For normal coverage UE, the existing CQI table (without 256QAM) can continue to be used, as shown in Table 1.

Table 1. 4-bit CQI Table (TS36.213 V12.4.0, Table 7.2.3-1)

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.377

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.877

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


For enhanced coverage, a new CQI definition is necessary. The higher-order modulation (16QAM and 64QAM) entries in the CQI table are no longer useful. The CQI indices of 7-15 should be removed, which corresponds to the 16-QAM and 64-QAM modulation. A new set of entries of QPSK with low spectral efficiency can be added. To maintain the same 4-bit size of CQI definition, 9 new entries can be added. 
As an example, the new CQI index =1 is assumed to have spectral efficiency equivalent to 1/64 of the spectral efficiency of CQI index 0 in Table 1. Filling out other CQI entries of index 2-9, an example of CQI table for enhanced coverage is derived and shown in Table 2. The spectral efficiency of Table 2 is plotted together with that of Table 1 in Figure 1. For clarity, Figure 2 zoomed in to show the lowest spectral efficiency entries of Table 2.

In Table 3, assuming the CQI definition in Table 2 is used, the number of repetitions in time is shown for K({ 152, 328, 504, 1000} [4], where K is the TB size. The assumptions are: 6 PRBs for DL transmission in a subframe, 3 OFDM symbols for the control region, and one antenna port.

With two sets of CQI tables defined, one configuration parameter Icoverage can be defined to indicate if the UE is in normal coverage or enhanced coverage, and the UE and eNB then use the CQI definition correspondingly. In other words, the following procedure can be used,
· When Icoverage= ‘normal’, then the CQI is reported by UE, and interpreted by eNB, according to Table 1;

· When Icoverage= ‘enhanced’, then the CQI is reported by UE, and interpreted by eNB, according to Table 2;

Note that Icoverage is not defined to support CQI only. Rather Icoverage can be used as a high-level configuration parameter that affects many aspects of DL and UL operation. Hence Icoverage may not be considered overhead for CQI purpose.
Proposals:

· Existing CQI table is extended with new CQI entries for LC/CE UEs.
· The new CQI entries support repetitions in time across multiple subframes.
Table 2. 4-bit CQI Table for enhanced coverage

	CQI index
	Modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	1
	0.0024

	2
	QPSK
	2
	0.0038

	3
	QPSK
	3
	0.0060

	4
	QPSK
	5
	0.0095

	5
	QPSK
	8
	0.0151

	6
	QPSK
	12
	0.0240

	7
	QPSK
	19
	0.0381

	8
	QPSK
	31
	0.0604

	9
	QPSK
	49
	0.0959

	10
	QPSK
	78
	0.1523

	11
	QPSK
	120
	0.2344

	12
	QPSK
	193
	0.3770

	13
	QPSK
	308
	0.6016

	14
	QPSK
	449
	0.8770

	15
	QPSK
	602
	1.1758
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Figure 1. Spectral efficiency defined in the 4-bit CQI tables for normal coverage and enhanced coverage.
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Figure 2. The entries of low spectral efficiency defined in the new 4-bit CQI table for enhanced coverage.

Table 3. Number of repetitions corresponding to new CQI indices of 1-9 for enhanced coverage. Assumption: 6 PRBs with number of TB bits K({152, 328, 504, 1000}

	CQI index
	efficiency
	# repetition

	
	
	K=152
	K=328
	K=504
	K=1000

	1
	0.0024
	84
	182
	280
	556

	2
	0.0038
	53
	115
	176
	350

	3
	0.0060
	34
	72
	111
	221

	4
	0.0095
	21
	46
	70
	139

	5
	0.0151
	13
	29
	44
	88

	6
	0.0240
	8
	18
	28
	55

	7
	0.0381
	5
	11
	18
	35

	8
	0.0604
	3
	7
	11
	22

	9
	0.0959
	2
	5
	7
	14

	10
	0.1523
	1
	3
	4
	9


5 Conclusions
In this contribution we discussed CSI reporting for Rel-13 low complexity and/or coverage enhanced UEs. Based on the discussion we have the following proposals.

Proposals:

· CSI reference resource is extended to span over multiple subframes for LC/CE UEs.
· CSI reporting by LC/CE UEs is simplified by taking into account RI=1 and reduced bandwidth of 6 PRBs.
· Existing CQI table is extended with new CQI entries for LC/CE UEs.
· The new CQI entries support repetitions in time across multiple subframes.
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