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1. Introduction
In RAN 1# 81 meeting, some agreements on CQI design were made 
Agreement:
· 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

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
In this paper, we analyzed CQI definition and CQI table design for Rel-13 MTC UE, especially for enhance coverage. 
2. CQI Table 
4-bit CQI is defined in current LTE system, which covers the efficiency range from 0.1523 to 5.5547 (64 QAM)/7.4063(256 QAM) [1]. UE derive a CQI value based on some hypothesis. For enhanced coverage, the working SNR for PDSCH needs to be extended to -14.3dB. The CQI table needs to be extended with entries corresponding to the lower SNR region. On the other hand, based on the study for low complexity MTC in RAN 4 reply LS [2],   
· No significant benefit has been observed with restricting to QPSK modulation only. We should have QPSK and 16QAM modulation for both uplink and downlink.
64 QAM may not need to be supported. Thus, one new CQI table with new efficiency range to support up to 16QAM can be introduced for low complexity UEs in both normal coverage and enhanced coverage mode. An example of 4-bit CQI table for low complexity MTC UEs is given as Table 1. As illustrated, it may be sufficient to have a single CQI table by removing the entries for 64QAM in the legacy CQI table and adding the same amount of entries with the lower efficiency. 
Proposal #1: Introduce a new CQI table for low complexity UEs in both normal and enhanced coverage mode.
Table 1. An example of 4-bit CQI Table for Rel-13 low complexity UEs
	CQI index
	modulation
	code rate x 1024
	Efficiency

	0
	out of range

	1
	QPSK
	1
	0.0020

	2
	QPSK
	3
	0.0059

	3
	QPSK
	5
	0.0098

	4
	QPSK
	10
	0.0195

	5
	QPSK
	19
	0.0371

	6
	QPSK
	40
	0.0781

	7
	QPSK
	78
	0.1523

	8
	QPSK
	120
	0.2344

	9
	QPSK
	193
	0.3770

	10
	QPSK
	308
	0.6016

	11
	QPSK
	449
	0.8770

	12
	QPSK
	602
	1.1758

	13
	16QAM
	378
	1.4766

	14
	16QAM
	490
	1.9141

	15
	16QAM
	616
	2.4063

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


3. CQI definition for coverage enhancement
CSI reference resource 

In current LTE system, a single PDSCH transport block only occupies one subframe, so that the “a group of downlink physical resource blocks termed the CSI reference resource” is also based on “a single downlink or special subframe”. However, in CE mode, repetition is needed to receive a single PDSCH transport block with a BLER target, i.e. 10%. The CSI reference resource may need to be further spanned over multiple subframes for repetition. 
Proposal #2: Extend the CSI reference resource to span over multiple subframes for enhanced coverage UE. 

Accordingly, the calculation of efficiency can be further updated to 
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where S is the size of transport block, the number of resource elements ner [3] used in each subframe/repetition, and the number of repetitions/subframes nrep. Compared with current definition of CQI in LTE system, a new dimension nrep is introduced for efficiency calculation. In order to get a single CQI index, either repetition number or TBS needs to be known by UE, otherwise, the derived efficiency may be different with different TB size assumption due to different Turbo coding gain and channel estimation accuracy. Table 2 summarizes the repetition number and efficiency based on the simulation results in  for different transport size. From the table, it can be seen that under the same channel condition, different TBS may result in quite different efficiency, which may lead to different CQI index. For example, for SNR = - 4dB, for TBS = 328 bits, the efficiency is 0.021 and the corresponding CQI index is 4 based on the example given in Table 1, while for TBS = 1000 bits, the efficiency is 0.033 and the corresponding CQI index is 5. With a pre-known TB size (e.g., assuming TBS = 328 bit), UE can derive a single CQI index (e.g., 4). Alternatively, if the repetition number is known to UE, (e.g., 40 repetitions), UE can also derive a single CQI index (CQI index is 5, corresponding to which 1000 bits can be received with 40 repetitions/subframes).
Observation #1: Either repetition/subframe number or transport block size is known to UE to derive a single CQI index.  
On the other hand, it may not be straightforward for eNB to derive a repetition number for different transport block size or vice versa. Further study may be needed on the relationship between efficiency, repetition number and TBS under different channel condition. If helpful, more than one CQI index can be reported to eNB to better represent receiver capability. 

Proposal #3: Consider to configure or pre-define either repetition/subframe number or transport block size as a hypothesis for UE to derive CQI. Further study the relationship of efficiency, repetition number and TB size. 

Table 2 Repetition number and efficiency for different TB size
	Repetition

/Efficiency*
	SNR = -4dB
	SNR =-14.3 dB

	TBS = 328
	20/

0.021
	190/

0.0023

	TBS = 1000
	40/

0.033
	350/

0.0038


* Assume 1 AP, 3 OFDM symbols for control region, 6 PRB in each subframe
Reference signal
CRS or CSI reference signals are used for computing CQI in current LTE system. For LC/CE UEs, CRS can be used because of the high density. For coverage enhancement mode, cross-subframe channel estimation may need to be used to improve accuracy of channel estimation. Different channel estimation assumption may result in different CQI computing result. It may be helpful if the hypothesis of cross-subframe channel estimation is known by eNB, for example, it can be pre-defined in the specification. Alternatively, it may be up to UE implementation. Note that, this subframe number may be different from the subframe number of CSI reference resource. 
Proposal #4: Further study on effect of cross-subframe channel estimation on CQI computing. 
Redundancy Version

Different redundancy version assumption may result in different result for CQI computing. Currently redundancy version 0 is assumed for CQI computing. There are several way for PDSCH transmission across multiple subframes, e.g., always use the same RV in each repetition, using different RV (e.g., 0 2 3 1) in each repetition. The assumption of RV should be the same as the PDSCH transmission. 
Proposal #5: Study on the impact of redundancy version for PDSCH repetition. Pre-define the assumption of redundancy version for CQI computing.


4. Conclusion
In this paper, we studied CQI definition for CE UEs. Based on the observations and analysis, we proposed:
Proposal #1: Introduce a new CQI table for low complexity UEs in both normal and enhanced coverage mode.
Proposal #2: Extend the CSI reference resource to span over multiple subframes for enhanced coverage UE.

Proposal #3: Consider to configure or pre-define either repetition/subframe number or transport block size as a hypothesis for UE to derive CQI. Further study the relationship of efficiency, repetition number and TB size.

Proposal #4: Further study on effect of cross-subframe channel estimation on CQI computing.
Proposal #5: Study on the impact of redundancy version for PDSCH repetition. Pre-define the assumption of redundancy version for CQI computing.
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