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1. Introduction
For Rel-8 transmission modes (TM 1-8), the cell-specific reference signal (CRS) is used for channel estimation purpose during link adaptation. Following RAN1 #63, it was agreed that a Rel-10 UE configured in TM 9 shall use only cell-specific CSI-RS (1, 2, 4 or 8 CSI-RS ports) for channel estimation [2] during link adaptation for all CSI feedback modes. However, this agreement does not bind the UE to estimate interference in a particular way (i.e. only using CSI-RS or only using CRS). 
Unlike CRS, which occurs during each downlink subframe, the CSI-RS pilot has a lower duty cycle periodicity (belonging to the set {5, 10, 15, 20, 40, and 80} ms), implying it does not occur in each downlink subframe. As a result, it is unclear whether or not the existing Rel-8 definition of a CQI reference resource is adequate for CSI reporting in TM-9.
This document outlines our views regarding CQI reference resource with CSI-RS following the above topics. A companion contribution [5] discusses CQI reference resource and CSI reporting for two configured subsets in het-net scenarios.
2. Channel Measurement Aspects
For Rel.8, the following can be inferred from 36.213.

· CSI is defined to meet a certain performance requirement (i.e., <10% BLER if the reported CSI is used for PDSCH transmission on the reference resource). As such, CSI reference resource appears to be a time/frequency resource to test the CSI effectiveness (e.g. PDSCH transmission), but is not a restriction on the actual CSI measurement. This is easily understood as UE measurement is an implementation issue, and a UE may possibly apply time and frequency interpolation across multiple subframes (e.g. to smooth out the burstiness in interference). As such measurement is based on an unrestricted observation interval in time and frequency. It is up to RAN4 performance requirement to verify that the UE CSI measurement truthfully reflects the CSI characteristics if used for PDSCH transmission the reference subframe. 

· For TM1-8, an MBSFN subframe is not considered a valid CSI reference resource as it doesn’t support TM1-8 PDSCH transmission. For TM-9, as reflected in the latest 36.213, an MBSFN subframe constitutes a valid subframe as it supports TM-9 PDSCH transmission. 

· Sufficient UE processing time is ensured by nCQI_ref   >=4. For aperiodic feedback, the same is provided by allowing the same processing time between the UL grant and the PUSCH transmission. 
In [3], it is suggested to modify the definition of a CQI reference resource, with respect to TM-9, by specifying that CSI-RS should be carried in a valid reference subframe. Their explanation is that without such a requirement, particularly for aperiodic CSI reporting, the CSI-RS timing may be random relative to the timing of the CQI reference resource, leading to issues in terms of UE complexity and testability. Ideally, as shown in case 1 (Figure 1), the CQI reference resource, given by the valid downlink subframe carrying aperiodic CSI request, also coincides with a CSI-RS subframe. On the other hand, as shown in cases 2 (resp. case 3) in Figure 2  (resp. Figure 3), a valid DL subframe can carry an aperiodic CSI request but may not carry CSI-RS. Therefore, such a subframe is ineligible to be a CQI reference resource as per [3]. 


[image: image1]
Figure 1: CSI-RS subframe coincides with a Rel-8 DL reference subframe for CQI reporting.
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[image: image2]
Figure 2: CSI-RS subframe offset and periodicity is different from the DL reference subframe for CQI reporting. CSI measurement for CQI reporting at n can use the most recent CSI-RS subframe.
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Figure 3: CSI-RS is transmitted on subframe following subframe containing CQI request. 

In our view, mandating the CQI reference resource (which, for aperiodic CQI reporting, is in the same valid DL subframe as the corresponding CQI request in an uplink DCI format) to be defined in a CSI-RS carrying subframe appears to be needlessly restrictive; in fact such a rule can reduce the available opportunities for CSI reporting.  Consider, for example, a het-net scenario, where a victim cell configures its CSI-RS offset and duty cycle periodicity such that CSI-RS is always transmitted on protected subframes (for example, if aggressor cell eNodeB does not employ PDSCH muting).
· Working assumption for eICIC studies is that CQI report for aperiodic CSI feedback is measured on the subset containing the CQI reference resource, which in the context of [3] falls in a CSI-RS subframe. Therefore, there is no valid downlink subframe containing a CQI reference resource corresponding to the CSI feedback over the unprotected subframe set, and hence that aperiodic CQI reporting is omitted for the unprotected subframes set.
· With periodic CSI reporting corresponding to a set of unprotected subframes, a victim cell UE will always measure its 10 % transport block error probability on a CQI reference resource which is always present in a protected subframe (see Figure 4). As a result, it may estimate overly optimistic CQI on unprotected subframes.


[image: image4]
Figure 4: Periodic CSI reporting in TM-9 (per [3]). If CSI-RS is always carried in subset 1, then CQI measurements corresponding to subset 2 will likely be inaccurate.
We believe that the definition of valid downlink subframe containing the CQI reference resource as given in [4] sufficiently captures this aspect. Therefore, it appears that the current reference subframe definition for TM-1 through TM-8 is still valid for TM-9 in Rel.10, except that CSI report shall be based on CSI-RS (which is already included in 36.213). That is, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref which is not necessarily a CSI-RS subframe. The only constraint is that the most recent CSI measurement subframe should fall on or before the CQI reference resource due to causality consideration. We acknowledge however, that new RAN4 test cases will be required to test UE functionality during CSI reporting in TM-9.

Proposal 1 (Figure 5): In context of TM-9, no additional change is required for definition of CQI reference resource and/or definition of a valid downlink subframe beyond that provided in [4]. Specifically, do not tie the CQI reference resource to the downlink subframe carrying CSI-RS.


[image: image5]
Figure 5: Periodic CQI reporting if CQI reference resource lies in a subframe without CSI-RS
3. UE assumptions during CQI measurement

In the CSI reference resource, the UE follows a set of assumptions for the purpose of deriving the CQI index given as below. 

In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in Section 7.2.5

· The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently configured for the UE (which may be the default mode).  

· If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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[dB] for any modulation scheme, if the UE is configured with transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific antenna ports and the associated RI is equal to one; 
· 
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[dB] for any modulation scheme and any number of layers, otherwise. 
The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 

In deriving the CQI index, the appropriate overhead should be taken into account so that the CQI index, equivalently the maximum supportable TBS, can be received with 10% BLER. Usually, a conservative CSI report is preferable than an optimistic CSI as the later may lead to overly aggressive link adaptation and failed DL transmission, e.g. 3 OFDM symbols are always assumed for CQI report. 

In the current CQI definition it’s unclear if the DMRS overhead shall be assumed in deriving the CQI index for TM-9. If not, the effective code rate for DL PDSCH transmission may be substantially higher than that in the CQI report, due to the non-trivial DMRS overhead. This will reduce the CQI accuracy and deteriorate link adaptation accuracy. 
Proposal 2: For UE configured in TM-9, while deriving the CQI reference index, the UE shall assume the appropriate DMRS overhead associated with the corresponding rank report (e.g. 12 RE for 1-2 layers, 24 RE for 3-8 layers for normal CP). This is to ensure that the CSI report is not overly optimistic. 
Similarly, if the CQI reference resource falls in a CSI-RS subframe, it remains unclear if the CSI-RS overhead shall be accounted for in the CQI index derivation.
Proposal 3: If CSI reference subframe is a CSI-RS (resp. PDSCH muting) subframe, UE shall assume the presence of CSI-RS (resp. muting pattern) in the CSI reference subframe for the purpose of deriving the CQI index. 
4. Other signalling aspects

As described in [3], since a Rel-10 UE is potentially configured for receiving multiple cells, the UE assumption on the ratio of the PDSCH EPRE to CRS EPRE (resp. ratio of the PDSCH EPRE to the CSI-RS EPRE), given by the UE-specific parameters 
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(resp. 
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), should be defined on a per-cell basis. In Section 5.2 of current CR for 36.213 [4], the current description for downlink power allocation does not note that the aforementioned CQI calculation parameters are defined on a per-cell basis
Proposal 4: The UE-specific parameters
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 should be configured, via RRC, on a per-cell basis. Identical to Rel-8 CQI reporting procedure, 
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 parameter can be used to adjust the UE assumption on eNodeB DL power control (during CQI reporting in TM-9) as
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Proposal 5: Define a UE-specific parameter called CSI-Reference-Signal-power, provided by higher layers. This parameter is used as a reference for obtaining the downlink CSI-RS EPRE. Similar to Rel-8 parameter Reference-signal-power, this new higher layer parameter shall take values in the range [-60 dBm, 50 dBm] in steps of 1 dB. 
5. Conclusions

Proposal 1: In context of TM-9, no additional change is required for definition of CQI reference resource and/or definition of a valid downlink subframe beyond that provided in [4]. Specifically, do not tie the CQI reference resource to the downlink subframe carrying CSI-RS.

Proposal 2: For UE configured in TM-9, while deriving the CQI reference index, the UE shall assume the appropriate DMRS overhead associated with the corresponding rank report (e.g. 12 RE for 1-2 layers, 24 RE for 3-8 layers for normal CP). This is to ensure that the CSI report is not overly optimistic.

Proposal 3: If CSI reference subframe is a CSI-RS (resp. PDSCH muting) subframe, UE shall assume the presence of CSI-RS (resp. muting pattern) in the CSI reference subframe for the purpose of deriving the CQI index. 
Proposal 4: The UE-specific parameters
[image: image19.wmf]A

r

,
[image: image20.wmf]B

r

,
[image: image21.wmf]C

r

 and 
[image: image22.wmf]offset

D

 should be configured, via RRC, on a per-cell basis. Identical to Rel-8 CQI reporting procedure, 
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 parameter can be used to adjust the UE assumption on eNodeB DL power control (during CQI reporting in TM-9) as
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Proposal 5: Define a UE-specific parameter called CSI-Reference-Signal-power, provided by higher layers. This parameter is used as a reference for obtaining the downlink CSI-RS EPRE. Similar to Rel-8 parameter Reference-signal-power, this new higher layer parameter shall taken values in the range [-60 dBm, 50 dBm] in steps of 1 dB. 
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7. Appendix: Text Proposal for CQI definition in Rel-10

NOTE: All additions are marked underlined.

5.2
Downlink power allocation 
The eNodeB determines the downlink transmit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received. The downlink reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within the operating system bandwidth.
A UE may assume downlink cell-specific Channel-State-Information RS (CSI-RS) EPRE is constant across the downlink system bandwidth and constant across all subframes until different CSI-RS power information is received. The downlink CSI-RS EPRE can be derived from the downlink CSI-RS transmit power given by the parameter CSI-Reference-Signal-power provided by higher layers. The downlink CSI-RS transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry CSI-RS signals within the operating system bandwidth.
The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by either 
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according to the OFDM symbol index as given by Table 5.2-2 and Table 5.2-3. In addition,
[image: image27.wmf]A

r

 and 
[image: image28.wmf]B

r

are UE-specific and configured on a per-cell basis.
The ratio of PDSCH EPRE to CSI-RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by a UE-specific value
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, configured on a per-cell basis.
7.2.3
Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

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 Table 7.2.3-1 which satisfies the following condition 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 termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

For transmission mode 9 and feedback reporting modes the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe based on only the Channel-State Information (CSI) reference signals (defined in [3]) carried in DL subframe (s) 
[image: image30.wmf]4

,

,

,

³

-

-

-

RS

CSI

CQI

RS

CSI

CQI

n

n

n

.  For other transmission modes and their respective reporting modes the UE shall derive the channel measurements for computing CQI based on CRS.
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