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1 Introduction

CSI feedback for Rel-13 low cost UEs was discussed in RAN1#81 and the following agreements 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
· 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
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
This contribution considers the above and additional FFS issues related to link adaptation for Rel-13 low cost UEs.
2 Link Adaptation
Prior discussions on link adaptation focused on aspects related to CSI reporting from Rel-13 low cost UEs for PDSCH transmissions. However, although desirable, link adaptation for PDSCH transmissions is not as important as for PUSCH transmissions due to the following reasons:

a) PUSCH is the coverage limiting channel
b) Traffic for Rel-13 low cost UEs is expected, on average, to be UL-dominant
c) UE power consumption is significantly larger for UL transmissions than for DL receptions
2.1 PUSCH Link Adaptation
PUSCH link adaptation in LTE is enabled by SRS transmission from UEs. The minimum SRS transmission BW is 4 RBs which is within the transmission BW capability of a Rel-13 low cost UE. For “small” coverage enhancements, SRS repetitions can be supported so that an eNB can combine them and obtain sufficient accuracy for the UL SINR for the Rel-13 low cost UE in RBs of a sub-band (or narrow-band).
As SRS is transmitted only in the last subframe symbol, there is no issue either with UE power consumption or with retuning latency for periodic SRS transmission in different sub-bands. A Rel-13 low cost UE can transmit SRS in a number of sub-bands using repetitions while consuming little power (total number of symbols for SRS transmission can be comparable to the number of symbols in only one subframe). 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. Moreover, SRS transmission is configurable by the eNB and therefore the network has full control on how to use SRS transmissions for link adaptation of PUSCH transmissions.
Proposal 1: SRS transmissions, both without repetitions and with repetitions (for small enhanced coverage operation) are supported for Rel-13 low cost UEs.

2.2 PDSCH Link Adaptation

Although a network choice, the decision in RAN1#80 to prohibit periodic CSI (P-CSI) measurement and feedback from UEs in need of large coverage enhancements (CEs) was based on the premise that such UEs experience very low SINRs, cannot measure the channel with sufficient accuracy and, therefore, power consumption associated with measurements and CSI feedback can be avoided by not reporting P-CSI. The same arguments apply for aperiodic CSI (A-CSI) as there is no difference in the above considerations on whether the CSI report is semi-statically or dynamically triggered. Further, the link budget and the payloads for A-CSI are worse in terms of coverage than the one for P-CSI.
Observation 1: For levels of coverage enhancements where P-CSI is not supported, A-CSI does not need to be supported.

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 low cost 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 low cost 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 low cost UE. There is a 3 dB difference between a Category 1 UE (2 RX antennas) and a Rel-13 low cost 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


Assuming that CE is required for SINR below 0 dB (the SINR required for a Rel-13 low cost UE to achieve 20 Kbps DL data rate without repetitions assuming PDSCH transmission in 6 RBs), 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 to the CQI table 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 CSI computation and this can be the reference used by the eNB to perform link adaptation. In other words, a 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 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 that smaller entry in a new CQI Table is obviously not needed.  

An additional entry as below can be added to have a total of 8 entries (after advancing by 1 the CQI index of the last 6 entries). This provides a range of ~6 dB relative to the mid-point of ~0 dB effective SINR for the PDSCH repetitions for a Rel-13 low cost UE. 
	CQI index
	modulation
	code rate x 1024
	efficiency
	SINR (dB)
	SINR (dB)  low cost UE

	1
	QPSK
	53
	0.1035
	-9.0
	-6.0


Figure 1 provides the theoretical spectral efficiency (SE) upper limit, the SE for Cat. 1 UE, and the SE for Rel-13 low cost UEs at SINRs associated with CE operation for Rel-13 low cost UEs. As in Rel-8, to abstract the channel estimator a specific UE implementation may use, ideal channel estimates are assumed and therefore the SE in Figure 1 can be viewed as an upper bound.
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Figure 1: Spectral Efficiency (ideal, Cat. 1 UE (2 Rx), Rel-13 low cost UE (1 Rx)) vs. SINR per Antenna 

Proposal 2: The Rel-12 CQI Table for QPSK modulation is re-used with the one remaining entry reserved or used for a lowest code rate.

Wideband CQI

A Rel-13 low cost UE requiring CE levels above 5 dB is typically path-loss limited and with limited/no mobility (e.g. geometries/SINRs below -10 dB for Cat.1 UEs do not exist in any previous deployment scenario based on free-space path-loss). Extending CQI reporting for CE levels above 5 dB (e.g. for SINRs below -10 dB for Cat.1 UEs) requires the underlying assumption that CQI measurement accuracy is reliable. Based on prior results for RSRP measurements (e.g. [3]), it is not meaningful to provide CQI for CE levels above 5 dB, especially with a fine granularity corresponding to about 2 dB between successive CQI entries (this was also the rationale for the decision in RAN1#80 to not support periodic CQI reporting for UEs requiring large CE levels). Moreover, even if sufficient measurement accuracy could be obtained, it is questionable whether CQI feedback is required as the eNB can determine potential path-loss changes based on UL transmissions. Additionally, RSRP measurements from the UE can serve to inform the eNB of path-loss changes. 
Observation 2: There is no apparent need for a Rel-13 low cost UE operating with a large CE level to provide wideband CQI feedback (although this can be under the control of the network by configuration).

Proposal 3: Wideband CQI feedback is not supported for Rel-13 low cost UEs configured with above 5 dB coverage enhancement level for PDSCH. 
Sub-band (Narrow-band) CQI

Depending on the deployment environment and on the DL system BW, it is possible for a Rel-13 low cost UE operating with CE to experience frequency selective fading (this is also the motivation for supporting frequency hopping). Frequency selective fading can provide sub-bands with SINR that is typically higher by 5 dB or more than the average SINR. Therefore sub-band CQI for 1-2 best sub-bands can be particularly beneficial for the network to place a Rel-13 low cost UE in a favorable sub-band, thereby significantly reducing the number of required repetitions and the respective power consumption. The CQI table does not need to be modified.   

Observation 3: Sub-band CQI for a Rel-13 low cost UE can reduce the number of required repetitions and UE power consumption. The Rel-12 CQI table is sufficient to support sub-band CQI.
Due to the limited/no mobility of a Rel-13 low cost UE operating with large CE, the full CQI range in Table 1 is not needed even for sub-band CQI. For example, it is unlikely that a Rel-13 low cost UE requiring CE above 5 dB can support PDSCH with a large code (e.g. in the order of 0.5 and no repetitions). Therefore, reporting only the first 4 entries (or the last 4 entries relative to a ~0 dB SINR for achieving 20 Kbps data date with a configured number of repetitions) is sufficient to provide a CQI range of at least 5 dB above the configured CE level and a 2-bit CQI can result to at least 2x fewer repetitions for the Rel-13 low cost UE to report.

Observation 4: A 2-bit sub-band CQI indicating the first 4 entries of the CQI table is sufficient for a Rel-13 low cost UE configured operation with a large CE level.

Proposal 4: Sub-band CQI is supported by network configuration and sub-band CQI is represented with 2 bits.
Reference Resource 
The reference resource for CSI measurements from a Rel-13 low cost UE is a configured number of M subframes. This number of M subframes can be one of the UE-specifically configured numbers of subframes for PDSCH repetitions or can be an independently configured number. The existing definition of the CSI reference resource can apply with the notion of a ‘subframe’ corresponding to the configured number of M subframes (M-subframe). Depending on the definition of subframes configured for repetitions of a PDSCH transmission, the M subframes can include all subframes per frame or can include only unicast DL subframes. Based on the reported CQI for the reference configured CE level, the network can subsequently adjust the number of repetitions. For example, given that a SINR of about 0 dB over the configured number of subframes is required to support 20 Kbps data rate, a larger/lower SINR can indicate a requirements for a smaller/larger number of repetitions than the configured one. 
Proposal 5: The CSI reference resource for a Rel-13 low cost UE is UE-specifically configured to be a number of M subframes. 
Definition of “set S sub-bands” for CSI calculation 

In Rel-12, the “set S sub-bands” is specified as follows [2] “The set of sub-bands (S) a UE shall evaluate for CQI reporting spans the entire downlink system bandwidth.” While this is suitable for legacy UEs, such a fixed and cell-specific configuration is not suitable for a low cost UE with a small number of semi-statically allocated sub-bands (narrow-bands) since sub-band configuration pertaining to low cost UEs is not only UE-specific but also corresponds to a small fraction of the DL system BW. For this reason, it was agreed that a Rel-13 low cost UE can compute CSI only in a subset of the possible DL narrow-bands. Therefore, a definition of the set S sub-bands should enable configuring a low cost UE to report CSI only for a part of the DL system BW and CSI reporting should be according to the DL resource allocation for the low cost UE. The “set S sub-bands” should match a portion of the DL system BW where a low cost UE is configured to receive data transmission from a serving eNB.
Proposal 6: The “set S sub-bands” is UE-specifically defined and allows a low cost UE to report CSI only for a portion of the DL system BW where the low cost UE is configured to receive DL transmissions.
2.3 M-PDCCH Link Adaptation

Unlike Rel-12 UEs that can receive in the entire DL system BW, Rel-13 low cost UEs can only receive within 6 RBs. Moreover, for PDSCH/M-PDCCH transmissions with repetitions, PDSCH and M-PDCCH are transmitted in all 6 RBs. If all sub-bands of 6 RBs are the same for the PDSCH and the M-PDCCH, the eNB can perform link adaptation for both PDSCH and M-PDCCH using the same CQI reports from the Rel-13 low cost UE. Otherwise, the UE should also report CQI for M-PDCCH link adaptation.
Proposal 7: If PDSCH and M-PDCCH can be transmitted in different sub-bands, the UE reports CQI for both the PDSCH sub-bands and the M-PDCCH sub-bands.

3 Conclusions

This contribution considered aspects for CSI reporting from Rel-13 low cost UEs and proposes the following:
Proposal 1: SRS transmissions, both without repetitions and with repetitions (for small enhanced coverage operation) are supported for Rel-13 low cost UEs.

Proposal 2: The Rel-12 CQI table for QPSK modulation is re-used with the one remaining entry reserved or used for a lowest code rate.

Proposal 3: Wideband CQI feedback is not supported for Rel-13 low cost UEs configured with above 5 dB coverage enhancement level for PDSCH.

Proposal 4: Sub-band CQI is supported by network configuration and sub-band CQI is represented with 2 bits.
Proposal 5: The CSI reference resource for a Rel-13 low cost UE is UE-specifically configured to be a number of M subframes. 

Proposal 6: The “set S sub-bands” is UE-specifically defined and allows a low cost UE to report CSI only for a portion of the DL system BW where the low cost UE is configured to receive DL transmissions.
Proposal 7: If PDSCH and M-PDCCH can be transmitted in different sub-bands, the UE reports CQI for both the PDSCH sub-bands and the M-PDCCH sub-bands.
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