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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:
	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 contribution, we discuss remaining issues on channel state information (CSI) estimation and transmission for LC/CE UE.
2 CSI reference resource
Following the existing definition of CSI reference resource, for LC/CE UE, the following should be defined. 

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in the CQI table of the UE’s operating CE mode (i.e., either CE mode A or CE mode B), or CQI index 0 if CQI index 1 does not satisfy the condition:

-
A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks in one or more subframes termed the CSI reference resource, could be received with a transport block error probability not exceeding a target block error rate. In one example, the target block error rate is 0.1.
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, 

· for a UE configured in transmission mode 1-9 with a single configured CSI process for the serving cell, the CSI reference resource is defined by a set of M consecutive valid  downlink or special subframes where the last subframe of the CSI reference resource has index n-nCQI_ref, where n-nCQI_ref  is as defined in TS 36.213.

A combination of a repetition level M, modulation scheme and transport block size corresponds to a CQI index if:
-
the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to the relevant Transport Block Size table, and 

-
the modulation scheme is indicated by the CQI index, and 

-
the combination of repetition level M, transport block size and modulation scheme when applied to  the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of repetition level M,  transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant. Here the effective channel code rate CReff means a transport block is effectively mapped to a block of code bits with code rate CReff, and then transmitted over  M  subframes via M  repetitions of the code bits (i.e., the effective code rate does not include the M  repetitions). 

For CE mode A, no or small number of repetitions are expected. Let the set of repetitions associated with CE mode A be: Rset,A = {R0,A, R1,A, R2,A, …Rn,A}. In this case, value of M  should be set as M =R0,A.
For CE mode B, a medium to large number of repetitions are expected. Let the set of repetitions associated with CE mode B be: Rset,B = {R0,B, R1,B, R2,B, …Rm,B }. In this case, value of M  should be set as M =R0,B.
Proposals:

· CSI measurement is carried out by the UE while monitoring M-PDCCH. No explicit configuration of CSI measurement subset restriction.

· Implicit configuration of M is defined. Further M is the min of R value in the set of repetition numbers of PDSCH provided by higher layer signaling. 
· Same M should be used for all modes of CSI reporting (wideband, subband, periodic, aperiodic)
3 CQI reporting

Denote the set of repetitions associated with CE mode configured to the UE and to be reported in CQI as {R0, R1, R2, …}. For CE mode A, the set of repetitions is Rset,A = {R0,A, R1,A, R2,A, …Rn,A}. For CE mode B, the set of repetitions is Rset,B = {R0,B, R1,B, R2,B, …Rm,B }.
A 4-bit CQI table is modified from the one in TS 36.213 and shown in Table 1 below. 

· In this table, CQI indices 7-15 are calculated assuming R0 repetitions. In this case, M = R0. R0 is not shown explicitly in these CQI entries.

· CQI indices 1-6 in Table 1 correspond to where the number of PDSCH repetitions is Ri, where Ri is one of the signaled repetition values.  The code rate and spectral efficiency must therefore be scaled by R0 / Ri, as shown in the table for indices 1-6. Strictly speaking, in this case, M = Ri since the PDSCH is hypothetically transmitted across Ri subframes.

Table 1: 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78 * R0 / R6
	0.1523 * R0 / R6

	2
	QPSK
	78 * R0 / R5
	0.1523 * R0 / R5

	3
	QPSK
	78 * R0 / R4
	0.1523 * R0 / R4

	4
	QPSK
	78 * R0 / R3
	0.1523 * R0 / R3

	5
	QPSK
	78 * R0 / R2
	0.1523 * R0 / R2

	6
	QPSK
	78 * R0 / R1
	0.1523 * R0 / R1

	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


Using the table above, both CE mode A and CEmode B can be easily supported using one table. The differences between mode A and mode B is taken care of via the different set of Ri values associated with the  CE mode. 

Proposals:

· Replace 64QAM entries in CQI table with new entries that provide lower spectral efficiency values in order to adjust for the various number of PDSCH repetitions.
· The CQI table is modified to reflect the set of number of PDSCH repetitions signaled for the CE mode the UE operates with.
4 Aperiodic CSI
The aperiodic reporting is carried by the PUSCH data channel. Due to the reduced support of transmission modes, the existing reporting modes are reduced as follows:

Transmission mode 1
: Modes 2-0, 3-0 
Transmission mode 2
: Modes 2-0, 3-0 
Transmission mode 6
: Modes1-2, 2-2, 3-1, 3-2
Transmission mode 9 
: Modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1 

When frequency hopping of PDSCH is disabled

When frequency hopping of PDSCH is disabled, the PDSCH stays at a 6-PRB narrowband for all repetitions across subframes. The associated M-PDCCH provides the location of the narrowband of the PDSCH.

The reporting modes degenerate to “wideband”, where the wideband is equivalent to the provided 6-PRB narrowband only.  No differentiation of “wideband”, “UE Selected (subband CQI)” or “Higher Layer-configured (subband CQI)”.

For TM1, TM2: 

· Modes 2-0, 3-0 become the same. They are both composed of a single 4-bit wideband CQI, which here means a single CQI for the configured 6-PRB narrowband. There is no PMI reporting. Thus, Mode 2-0 is not supported, 3-0 is supported. 
For TM6: 
· Modes 1-2, 2-2, 3-2 are no longer necessary. They can be removed for LC/CE UE. Only Mode 3-1 is kept for LC/CE UE.
· Mode 3-1 contains a subband CQI, which means a single CQI for the configured 6-PRB narrowband.  Mode 3-1 also contains a single PMI, where the single PMI is the UE-preferred PMI across the 6-PRB narrowband.
For TM9:
· If the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1, only Mode 3-1 is supported, similar to TM6. 
· Further, for TM9, modes 3-0 is supported addition to mode 3-1, if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1. 
When frequency hopping of PDSCH is enabled: 

Same modes should be used as when frequency hopping is disabled. The only change is the reference resource: 
· when frequency hopping is disabled, CSI is generated assuming one narrowband; 
· when frequency hopping is enabled, CSI is generated assuming set of 6-PRB narrowbands configured by the frequency hopping pattern.
In summary, for LC/CE UE, the preferred way of operating aperiodic CSI reporting carried by PUSCH is described in the proposal below.
Proposals:

· For TM1, TM2: Mode 2-0 is not supported, Mode 3-0 is supported. 

· For TM6: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported;

· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 3-0 is supported.
5 Periodic CSI

The periodic reporting is carried by the PUCCH. Due to the reduced support of transmission modes, the existing reporting modes are reduced as follows:

Transmission mode 1
: Modes 1-0, 2-0

Transmission mode 2
: Modes 1-0, 2-0

Transmission mode 6
: Modes 1-1, 2-1

Transmission mode 9 
: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1.
When frequency hopping is disabled:

The reporting modes degenerate to “wideband”, which is equivalent to the provided 6-PRB narrowband only.  No differentiation of “wideband” and “UE Selected”.

For TM1, TM2: 

· Modes 1-0 and 2-0 become the same. They are both composed of a single 4-bit wideband CQI, which here means a single CQI for the configured 6-PRB narrowband. Thus, only Mode 1-0 is supported. 

For TM6: 
· Support Mode 1-1 only. Mode 2-1 is not supported.
· Mode 1-1 contains a “wideband” CQI, which here means a single CQI for the configured 6-PRB narrowband. Mode 1-1 contains a single PMI, where the single PMI is the UE-preferred PMI across the 6-PRB narrowband.
For TM9:
· Mode 1-1 only is supported, if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1. This is similar to TM6. 
· Further, for TM9, mode 1-0 only is supported addition to mode 1-1, if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1. 

When frequency hopping of PDSCH is enabled: 

Same modes should be used as when frequency hopping is disabled. The only change is the reference resource, as described for aperiodic CSI.
In summary, for LC/CE UE, the preferred way of operating periodic CSI reporting carried by PUCCH is described in the proposal below.
Proposals:

· For TM1, TM2: Mode 2-0 is not supported. Mode 1-0 is supported. 

· For TM6: Mode 2-1 is not supported, Mode 1-1 is supported. 

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1: Mode 2-1 is not supported, Mode 1-1 is supported.

· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 1-0 is supported

6 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
· CSI measurement is carried out by the UE while monitoring M-PDCCH. No explicit configuration of CSI measurement subset restriction.

· Implicit configuration of M is defined. Further M is the min of R value in the set of repetition numbers of PDSCH provided by higher layer signaling. 

· Same M should be used for all modes of CSI reporting (wideband, subband, periodic, aperiodic)

· CQI

· Replace 64QAM entries in CQI table with new entries that provide lower spectral efficiency values in order to adjust for the various number of PDSCH repetitions.

· The CQI table is modified to reflect the set of number of PDSCH repetitions signaled for the CE mode the UE operates with.
· Aperiodic CSI:

· For TM1, TM2: Mode 2-0 is not supported, 3-0 is supported. 

· For TM6: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1: Mode 1-2, 2-2, 3-2 are not supported. Mode 3-1 is supported;

· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 3-0 is supported.

· Periodic CSI:
· For TM1, TM2: Mode 2-0 is not supported. Mode 1-0 is supported. 

· For TM6: Mode 2-1 is not supported, Mode 1-1 is supported. 

· For TM9: 

· if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1: Mode 2-1 is not supported, Mode 1-1 is supported.

· if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1: Mode 2-0 is not supported, Mode 1-0 is supported
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