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1 Introduction

CSI feedback for Rel-13 low cost (LC) UEs was discussed in RAN1#81 and the following agreements were made:
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 RAN1#82bis, the following proposal was discussed without conclusion.

Proposal:

· The number of subframes M (>1) that CSI reference resource spans is predefined or implicitly derived from CE level.

· The value of M 

· Alt 1: reuse existing CQI table for 64QAM, no new CQI entries 

· Measurement is based M subframes

· Alt 1.1: reuse existing CQI table for 64QAM, while 6 entries corresponding to the highest SEs are reserved

· Measurement is based M subframes

· Alt 2: replacing 6 entries in the existing CQI table for 64QAM

· Measurement is based M subframes

This contribution considers CSI measurement and reporting for Rel-13 low cost UEs.
2 Link Adaptation
2.1 PDSCH Link Adaptation

CQI Table for CE

The required SINR for 20 Kbps PDSCH at 10% BLER is -4 dB for a Category 1 UE [1] and, for a 4 dB loss due to 1 Rx antenna, 0 dB for a Rel-13 LC UE. For 155.7 dB MCL, the required CE for 20 Kbps PDSCH at 10% BLER is 10.3 dB for a Category 1 UE [1] and, for a 4 dB loss due to 1 Rx antenna, 14.3 dB for a Rel-13 LC UE. 
The CQI table in [2] has 6 entries for QPSK (Table 1), with the lowest entry at -7 dB SINR (for 2 Rx), and continues in steps of 1.892 dB. Two additional columns in Table 1 indicate the SINR values (for AWGN channel) for the 6 entries for a Category 1 UE and for a Rel-13 LC UE. There is a 3 dB difference between a Category 1 UE (2 RX antennas) and a Rel-13 LC UE (1 RX antenna) in AWGN (the difference is larger for fading channels).  
Table 1: Entries of CQI Table for QPSK modulation 
	CQI index
	modulation
	code rate x 1024
	efficiency
	SINR (dB)
	SINR (dB)  low cost UE

	0
	out of range

	1
	QPSK
	78
	0.1523
	-7.0
	-4.0

	2
	QPSK
	120
	0.2344
	-5.11
	-2.11

	3
	QPSK
	193
	0.377
	-3.22
	-0.22

	4
	QPSK
	308
	0.6016
	-1.32
	1.68

	5
	QPSK
	449
	0.877
	0.57
	3.57

	6
	QPSK
	602
	1.1758
	2.46
	5.46


The existing CQI table can approximately accommodate a CE level of 5 dB without requiring further changes. It is not necessary to introduce additional (lower) entries as a respective PDSCH BLER of 10% cannot be possibly supported for a single repetition. Instead, PDSCH BLER of 10% is supported over the number of M>1 subframes of CQI computation and this can be the reference used by the eNB to perform link adaptation. In other words, a LC UE measuring CQI over M=4 subframes and reporting the 4th CQI entry in Table 1 can be assumed to report the 1st CQI entry if the measurement was over M=1 subframes, or a LC UE measuring CQI over M=4 subframes and reporting the 1st CQI entry in Table 1 can be assumed to report a smaller (non-defined) entry if the measurement was over M=1 subframes. Inclusion of smaller entries in a new CQI Table is obviously not needed as there is no need for the LC UE to divide by M and report a new CQI entry (this is already known at the eNB).
An additional entry as below can be added to provide a range of ~6 dB, relative to the mid-point of ~0 dB effective SINR for the PDSCH repetitions for a Rel-13 LC UE, in order to fully capture the total SINR loss due to 1 Rx antenna (signals SINR loss and Rx diversity loss).

	CQI index
	modulation
	code rate x 1024
	efficiency
	SINR (dB)
	SINR (dB)  low cost UE

	1
	QPSK
	53
	0.1035
	-9.0
	-6.0


Proposal 1: The Rel-12 CQI Table is re-used. The 6 largest entries corresponding to QAM64 are reserved. One additional lowest entry can be considered. 
CQI Measurements
The value of M can be implicitly derived from one of the repetition levels configured to a Rel-13 LC UE for MPDCCH/PDSCH transmissions (only valid DL subframes are included). The largest repetition level can be used but to avoid unnecessary UE complexity as CQI is not supported for large CE levels, M can be limited to at most 4 or 8 (this allows for CE of 6 dB or 9 dB). For example, for a LC UE configured with a maximum repetition level of 8 subframes and FH over 2 narrow-bands (NBs), the CQI can be the average of a first CQI over 4 subframes in the first NB and of a second CQI over 4 subframes in the second NB.
Proposal 2: The value of M is one of the M-PDCCH/PDSCH repetition levels configured to a UE. 

In addition to wideband CQI, NB CQI should be supported as depending on deployment and on DL system BW, a Rel-13 LC UE can experience frequency selective fading (this is also the motivation for supporting FH). FH configuration can be by DCI Format M1A or, assuming low/no UE mobility, by RRC. Frequency selective fading can provide NBs with SINR that is typically 5+ dB larger than the average SINR. Therefore, CSI reporting modes 2-0 or 2-1 can be configured on PUCCH and CSI reporting modes 2-0 can be configured on PUSCH. The CQI table does not need to be modified.   

Proposal 3: Narrow-band CQI is supported by network configuration.
2.2 M-PDCCH Link Adaptation

If all NBs are the same for the PDSCH and the M-PDCCH, the eNB can perform link adaptation for both PDSCH and M-PDCCH to a LC UE using the same CSI reports. Otherwise, the LC UE should also report CSI for M-PDCCH link adaptation or report CSI only for M-PDCCH NBs particularly if they hop among a configured set of NBs. Hopping of M-PDCCH NBs within a configured set of NBs allows a UE to report WB CQI or NB CQI without having to perform separate measurements.  
Proposal 4: A UE can provide CSI feedback based on M-PDCCH narrow-bands and/or PDSCH narrow-bands.
2.3 PUSCH Link Adaptation
Although desirable, PDSCH link adaptation is not as important as for PUSCH link adaptation as:

a) PUSCH can experience worse coverage 

b) Traffic for Rel-13 LC UEs is expected, on average, to be UL-dominant

c) UE power consumption is significantly larger for UL transmissions than for DL receptions

PUSCH link adaptation is enabled by SRS transmission. For no/small coverage enhancements (CE), SRS repetitions (including no repetitions) can be supported and an eNB can obtain sufficient accuracy for the UL SINR in a NB. As SRS is transmitted only in the last subframe symbol, there is no issue either with UE power consumption or with retuning latency in different NBs. To avoid a retuning delay, A-SRS transmissions do not need to be supported (DMRS can serve as SRS in the narrowband of PUSCH transmission). For a TDD system, SRS can be preferable to CSI reporting particularly in terms of overhead, power consumption, and link adaptation, including better support of beamforming and absence of quantization/feedback errors. SRS transmission is configurable by the eNB and therefore a network has full control on how/whether to use SRS for UL link adaptation.

Proposal 5: P-SRS transmissions are supported for Rel-13 LC UEs operating in mode A. A-SRS transmissions are not supported.
3 Conclusions

This contribution considered aspects of link adaptation for Rel-13 LC UEs and proposes the following:
Proposal 1: The Rel-12 CQI Table is re-used. The 6 largest entries corresponding to QAM64 are reserved. One additional lowest entry can be considered. 

Proposal 2: The value of M is one of the M-PDCCH/PDSCH repetition levels configured to a UE. 

Proposal 3: Narrow-band CQI is supported by network configuration.
Proposal 4: A UE can provide CSI feedback based on M-PDCCH narrow-bands and/or PDSCH narrow-bands.

Proposal 5: P-SRS transmissions are supported for Rel-13 LC UEs operating in mode A. A-SRS transmissions are not supported.
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