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1 Introduction

In RAN1#80 meeting, the agreements on CSI feedback were achieved as below [1]:
· 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

In RAN1#80bis meeting, the agreements were as below [2]:
· For low complexity  MTC UEs in normal coverage, at least when PUCCH resource is configured, 
· Periodic CSI feedback over PUCCH is supported

· FFS on details

The agreements in RAN1#81 meeting were as below [3]:

· 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
In this contribution, further considerations on CSI feedback are discussed for Rel-13 low complexity UEs in normal and enhanced coverage.

2 CSI feedback for CE mode A
It is agreed that CE mode A describes a set of behaviours for no repetitions and small number of repetitions. For CE mode A, both periodic and aperiodic CSI feedback should be supported.
2.1 Periodic CSI feedback

For periodic CSI feedback, measurement gap can be defined for CSI measurement. There are two alternatives on measurement gap.

Alt.1: Measurement gap is explicitly configured by eNB.
Similar to the configuration in legacy LTE, measurement gap is periodic, and the periodicity, the length and the offset are configured by eNB. For periodic CSI feedback, the CSI reference resource in time domain can be selected from the measurement gap.

Alt.2: Measurement gap is implicitly indicated.

For periodic CSI feedback, measurement gap can be determined by reporting subframes. For instance, the subframe  n-
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 can be the measurement gap for UEs in normal coverage, where n is the reporting subframe. 

For Alt.1, since the measurement gap and CSI feedback are configured independently, CSI reporting may not be real-time and some measurement may not be necessary. These problems can be solved by Alt.2. Thus, Alt.2 is preferable.

Proposal 1: For periodic CSI feedback, measurement gap can be implicitly acquired.
If eNB configures a subset of the available narrowbands for CSI measurement (measurement narrowbands), UE can measure the measurement narrowbands during measurement gap. Otherwise, UE measures the narrowbands where M-PDCCH/PDSCH locates during the measurement gap.
There are two modes for CSI feedback.
Mode 1: UE measures a narrowband and reports the CSI at each reporting. In this case, the measurement gap can be the subframe n-
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 for UEs in normal coverage. For small number of repetitions case, CSI reference resource is extended to span multiple subframes M (M>1), M can be configured by eNB, or implicitly indicated by UE’s CE level. The measurement gap for each reporting is M valid downlink subframes before subframe n-
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(including subframe n-
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). If eNB configures measurement narrowbands, UE is required to report the CSI of one measurement narrowband in each reporting subframe, and cycle through all measurement narrowbands sequentially. Figure 1 is an example of no repetition case. Before each reporting, UE needs to retune to a corresponding measurement narrowband (if the measurement narrowband is different from narrowband where M-PDCCH/PDSCH locates) and perform measurement in the measurement gap. 
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Figure 1 Periodic CSI feedback - Mode 1
Mode 2: At each reporting, UE measures multiple narrowbands during measurement gap. For no repetition case or small number of repetitions case without hopping, UE selects the preferred narrowband, and  reports the corresponding CSI and the narrowband index. This is similar to current subband CSI feedback based on Bandwidth Part (BP). In this case, if eNB configures measurement narrowbands,  measurement narrowbands should be divided into multiple measurement narrowband groups, and UE retunes to one of the measurement narrowbands groups before each reporting. Figure 2 is an example of no repetition case.  For Small number of repetitions case with hopping, UE measures multiple measurement narrowbands during the measurement gap for each reporting, and reports an average CQI. 
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Figure 2 Periodic CSI feedback - Mode 2

Proposal 2: If eNB configures measurement narrowbands, UE measures the narrowbands during measurement gap. Otherwise, UE measures the narrowbands where M-PDCCH/PDSCH locates during the measurement gap.
Proposal 3: There are two modes for periodic CSI feedback:
· Mode 1: At each reporting, UE measures one narrowband and reports the CSI.
· Mode 2: At each reporting, UE measures multiple narrowbands. For no repetition case or small number of repetitions case without hopping, UE reports the CQI of the preferred narrowband. For small number of repetitions case with hopping, UE reports the average CQI.

2.2 Aperiodic CSI feedback

eNB configures the measurement narrowbands for aperiodic CSI feedback. Once triggered, UE can measure these narrowbands after trigger. The measurement narrowbands may be configured by RRC signaling or indicated in DCI/RAR with CSI request. To avoid increasing DCI size, a compact DCI may be introduced, in which the scheduling information of PUSCH is not included. In no repetition case and small number of repetitions case without hopping, similar to the CSI feedback modes of “UE selected” and “high layer-configured” in current specification, there are two possible modes.
Alt. 1: UE selects best M narrowbands within measurement narrowbands, and reports the corresponding CSIs and the combinatorial index.

Alt. 2: UE reports the CSIs of all measurement narrowbands.

For Alt.1, if the fixed value of M is too large, the measurement narrowbands configured by eNB would be too many even though it is not necessary. If M is too small, aperiodic CSI feedback may become inefficient. In addition, considering that UE should support the calculation formulas of combinatorial index for different number of measurement narrowbands, the UEs’ processing complexity would be increased. Therefore, we prefer to Alt.2.

In small number of repetitions case with hopping activated, the average CQI should be reported.
In this case, the timing of CSI reporting should be reconsidered. UE can report CSIs in subframe m+4, where m is the last subframe of the measurement gap. 
Proposal 4: For aperiodic CSI feedback:

·  UE measures the measurement narrowbands after trigger. In this case, the timing of CSI reporting should be reconsidered.
· In no repetition case and small number of repetitions case without hopping, UE reports the CSIs of all measurement narrowbands.
· In small number of repetitions case with hopping, UE reports an average CQI.

2.3 CQI table design
It is agreed that CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement with small number of repetitions. There are two understandings of the relationship between the number of subframes M for CSI reference resource and CQI. One is that the reported CQI can be interpreted as corresponding to PDSCH reception over M subframes, i.e. CQI is the selected MCS of the assumed received data after M repetitions on condition of BLER=0.1; another interpretation is that the reported CQI have nothing to do with the multiple subframes M, and is just the selected MCS of the assumed received data without any repetition before. For the second interpretation, if CQI feedback is supported for CE mode A or CE mode B, some entries with lower efficiency should be increased and extended to support lower SNR based on Rel-8 CQI table.

CE mode A supports normal coverage and small enhanced coverage. According to the current agreement, only entries of QPSK and 16QAM in the legacy Rel-8 CQI table are used for normal coverage with no repetitions. There are 9 entries related to QPSK or 16QAM in the legacy Rel-8 CQI table, and then 4 bits are needed, It is suggested that two entries of the above 9 entries can be deleted for normal coverage with no repetitions. If the efficiency gap beside SNR gap between two adjacent entries is considered, two entries of three 16QAM entries can be deleted, which can be depicted by the following table 1. Herein, i(j) denotes that the entry indicated by the index j in the Rel-8 CQI table is used as the entry indicated by the index i in the  table１. 
Proposal 5:7 entries in the Rel-8 CQI table may be used in the CQI table for CE mode A .

Table 1  CQI Table for Rel-13 low complexity UE in CE mode A with on repetitions.
	CQI index
	modulation
	code rate x 1024
	efficiency

	0(0)
	out of range

	1(1)
	QPSK
	78
	0.1523

	2(2)
	QPSK
	120
	0.2344

	3(3)
	QPSK
	193
	0.377

	4(4)
	QPSK
	308
	0.6016

	5(5)
	QPSK
	449
	0.877

	6(6)
	QPSK
	602
	1.1758

	7(9)
	16QAM
	616
	2.4063


For CE mode A with no repetitions and small number of repetitions,  the above 7 entries in table 1 for no repetitions should be supported, other entries with lower spectral efficiency besides the aforementioned 7 entries should be adopted to support small enhanced coverage. For CE mode A, it is suggested that 8 entries with lower efficiency should be increased and extended to support lower SNR based on the above CQI table in Table 1.

Since the coverage level indicated by the RRC signaling is only a course estimation of the channel, it is proposed that the range of efficiency in CQI table should be extended as large as possibly to enable better link adaptation.  One example of such design is shown in table 2, where the efficiency ratio between the entry of the maximum efficiency and the entry of the second maximum efficiency, the efficiency ratio between the entry of the second minimum efficiency and the entry of the minimum efficiency are larger than any other efficiency ratios between two adjacent entries.    

Proposal 6: If CQI is the selected MCS of the assumed received data without any repetition, the range of spectral efficiency in CQI table should be extended as large as possibly to enable better link adaptation for Rel-13  low complexity UE in enhanced coverage.
Table 2 4-bit CQI Table for Rel-13 low complexity UE in CE mode A
	CQI index
	modulation
	code rate x 1024
	efficiency

	0(0)
	out of range

	1(1)
	QPSK
	78
	0.1523

	2(2)
	QPSK
	120
	0.2344

	3(3)
	QPSK
	193
	0.3770

	4(4)
	QPSK
	308
	0.6016

	5(5)
	QPSK
	602
	1.1758

	6(6)
	QPSK
	378
	1.4766

	7(9)
	16QAM
	616
	2.4063

	8
	QPSK
	0.25
	0.0005

	9
	QPSK
	1
	0.0020

	10
	QPSK
	2
	0.0039

	11
	QPSK
	3
	0.0059

	12
	QPSK
	6
	0.0117

	13
	QPSK
	12
	0.0234

	14
	QPSK
	22
	0.0430

	15
	QPSK
	 42
	0.0820


For Table 2, it is observed that the CQI indices are kept the same for the common MCSs of QPSK between Rel-8 CQI table and Table 2 CQI table. For non-MTC UE，after an eNB sends a RRC reconfiguration message requesting the UE to switch between the legacy CQI table and the new MTC CQI table, there is an ambiguity period until the eNB receives the confirmation message from the UE. Thus, the same MCSs with the same CQI indices can be used in the ambiguity period.

In Table 3, if the CQI definition in Table 2 is used, the number of repetitions in time is shown for K({ 152, 328, 504, 1000}, where K is the TB size. The assumptions used are: 6 PRBs for DL transmission in a subframe, 3 OFDM symbols for the PDCCH, one antenna port, number of CRC bits = 24. 
Table 3  Number of repetitions for new CQI indices of 9-15 in table 2 

	CQI index
	efficiency
	Number of repetitions

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

	8
	0.0005
	466
	931
	1397
	2709

	9
	0.0020
	116
	233
	349
	677

	10
	0.0039
	60
	119
	179
	347

	11
	0.0059
	39
	79
	118
	230

	12
	0.0117
	20
	40
	60
	116

	13
	0.0234
	10
	20
	30
	58

	14
	0.0430
	5
	11
	16
	31

	15
	0.0820
	3
	6
	9
	17

	1
	0.1523
	2
	3
	5
	9


3 CSI feedback for CE mode B
If aperiodic CSI feedback is supported in CE mode B, CSI reference resource can be the transmission subframes of DCI/RAR with CSI request. UE measures the narrowbands of the DCI/RAR, and reports the average CQI. In this case, the legacy timing can be reused, and reporting of the average CQI starts in the 4-th subframe after the last subframe of the DCI. Alternatively, the number of subframes M can be configured. If M is larger than the bundle size of the DCI/RAR, the measurement gap can be extended to the subframes after the triggered subframe, and the timing should be modified. For example, reporting of the average CQI can start in subframe m+4, where m is the last subframe of CSI reference resource.

In addition, only one CQI index is reported in this case. It is very inefficient for CQI-only transmission on PUSCH, so CQI transmission on PUCCH may be considered.
Proposal 7: For aperiodic CSI feedback in CE mode B, CSI reference resource can be defined as the transmission subframes of DCI/RAR with CSI request.  Also, average CQI is reported in reporting.

· For CQI-only case, CQI transmission on PUCCH may be considered.
For the CQI table of CE mode B with large number of repetitions, if CQI feedback is supported, the similar scenario occurs except that some extra entries with much lower spectral efficiency should be supported. So it is possible that a unified CQI table such as table 2 can be used for both CE mode A and CE mode B in this case, 

Proposal 8: A unified CQI table can be used for both CE mode A and CE mode B if CQI feedback is supported for CE mode B.
Subsampling of all entries of Table 2 can be done by coverage levels signaling. For example, the previous 7 entries beside ‘out of range’ can be used for CE mode B, thus only 3 bits are needed to represent CQI for CE mode B.

Proposal 9: Subsampling of all entries in the aforementioned unified CQI table can be done to reduce feedback overhead according to coverage level signaling, especially for CE mode B.
4 Conclusions
Considerations on CSI feedback for Rel-13 low complexity UEs in normal and enhanced coverage are discussed in this contribution. We have the following proposals:

Proposal 1: For periodic CSI feedback, measurement gap can be implicitly acquired.
Proposal 2: If eNB configures measurement narrowbands, UE measures the narrowbands during measurement gap. Otherwise, UE measures the narrowbands where M-PDCCH/PDSCH locates during the measurement gap.
Proposal 3: There are two modes for periodic CSI feedback:

· Mode 1: At each reporting, UE measures one narrowband and reports the CSI.
· Mode 2： At each reporting, UE measures multiple narrowbands. For no repetition case or small number of repetitions case without hopping, UE reports the CQI of the preferred narrowband. For small number of repetitions case with hopping, UE reports the average CQI.

Proposal 4: For aperiodic CSI feedback:

·  UE measures the measurement narrowbands after trigger. In this case, the timing of CSI reporting should be reconsidered.

· In no repetition case and small number of repetitions case without hopping, UE reports the CSIs of all measurement narrowbands.

· In small number of repetitions case with hopping, UE reports an average CQI.

Proposal 5:7 entries in the Rel-8 CQI table may be used in the CQI table for CE mode A.

Proposal 6: If CQI is the selected MCS of the assumed received data without any repetition before, the range of spectral efficiency in CQI table should be extended as large as possibly to enable better link adaptation for Rel-13 low complexity UE in enhanced coverage.
Proposal 7: For aperiodic CSI feedback in CE mode B, CSI reference resource can be defined as the transmission subframes of DCI/RAR with CSI request. Also , average CQI is reported.

· For CQI-only case, CQI transmission on PUCCH may be considered
Proposal 8: A unified CQI table can be used for both CE mode A and CE mode B if CQI feedback is supported for CE mode B.

Proposal 9: Subsampling of all entries in the aforementioned unified CQI table can be done to reduce feedback overhead, especially for CE mode B.
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