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1. Introduction
In the LS [1], RAN1 has the following agreements on CSI measurement and reporting for eICIC:

	· CSI (CQI,PMI,RI) feedback based on interference measurement in restricted subsets of subframes is enabled through configured subsets of subframes indicated by a CSI measurement subframe configuration

· Subframe subsets are signalled by RRC (e.g. with bitmaps of size matching the size of almost blank subframe pattern)

· 0 or 2 subframe subsets can be configured per UE

· Baseline is that the UE only reports CSI for each configured subframe subset

· If no subframe subsets are configured, interference measurement in restricted subsets of subframes is not enabled. 

· The 2 subframe subsets may or may not be the complement of each other. 

· Signalling details are up to RAN2. 

· No mention of a complementary subset in RAN1 specifications:  whether to introduce this is subject to feedback from RAN4 after discussion in RAN4.

· For aperiodic CSI reporting

· Working assumption: For CSI reporting instance at subframe n, the UE shall report CSI feedback based on the subset containing the CQI reference resource

· As noted above, the case of the CQI reference resource not being contained in either of the configured subsets is FFS subject to feedback from RAN4 after discussion in RAN4

· For periodic CSI reporting

· Explicit RRC configuration links each CSI feedback report to a configured subset of subframes


RAN2 is asked to specify RRC signalling for the following:

· UE-specific configuration of two subframe subsets for CSI measurement

· UE specific configuration linking each periodic CSI report to one of the subframe subsets

In this document we will discuss detail RRC signalling on CSI measurement and reporting of eICIC.
2. Discussion
2.1. Subframe subsets
In figure 1, pico cell 1 is interfered by macro cell 1, and pico cell 2 is interfered by both macro cell 1 and macro cell 2. With time domain ICIC, the ABS patterns of macro cell 1 and macro cell 2 are configured like figure 2 below.
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Figure 2
Scenario 1: PUE1 served by pico cell 1
In the case of PUE1 interfered by one macro cell, subframes are divided into two subsets. One corresponds to ABS subframes subset, including subframes 1, 2, 6 and 7 shown in figure 2, and is called subset A. The remainder normal subframes are called subset B. PUE1 may perform CSI measurement on subset A or/and subset B. Therefore, PUE1 should be aware of the two subsets. Network can explicitly inform PUE1 of the two subsets by RRC signaling. Considering that subset A and subset B are complementary with each other, network can only inform one subset in RRC signaling.
Scenario 2: PUE2 served by pico cell 2
In the case, PUE2 are interfered by two macro cells. And subframes are split into three subsets. Subframes 2 and 7 are the the lowest interference area, named as subset A1. Subframes 0, 3, 4, 5, 8, and 9 are the serious interference area, named as subset B1. Subframes 1 and 6 are the moderate interference area, named as subset C1. According to agreements of RAN1, PUE2 should at least perform CSI measurement on subsets A1 and B1. Whether to introduce subset C1 depends on feedback from RAN4. Nevertheless, it is enough for network to signal subsets A1 and B1 to PUE2. Even if subset C1 is proved as necessary measurement restricted subset, PUE2 could deduce subset C1 from received two subsets. For other cases where PUEs are interfered by more macro cells with different ABS patterns, eNB may split subframes into three subsets for CSI measurement in the same way.
Scenario 3: UE3 served by macro cell 2
As no interference from any cell, there is no need for UE3 to perform CSI measurement in restricted subframe subsets. Hence, network should not transmit any subframe subsets for CSI measurement to UE3, same as R8/9 UEs.
Based on the above analysis, network signals two subframe subsets for CSI measurement at most. The main issue focuses on whether network should signal one or two subframe subsets in scenario 1. The size of a restricted subframe subset for CSI measurement is the same as ABS pattern, which occupies 40bits for FDD and 20/60/70bits for TDD. It is obvious that signaling one subframe subset in scenario 1 saves radio resource, with a disadvantage that UEs should do complementary operation to obtain another subframe subset. In our understanding, if a UE obtains subset A from network in scenario 1, it is not a big deal to get subset B with complementary operation. Furthermore, the introduction of subset C1 in scenario 2 is still unclear. If the CSI measurement on subset C1 is needed finally, it is unavoidable for UEs to do complementary operation. Therefore, complementary operation is not a considerable disadvantageous factor for CSI restricted subframe measurement. Taking radio resource into account, it seems to be an advisable choice for signaling only one subframe subset in scenario 1.
Proposal 1: Signal 0, 1, or 2 subframe subsets in RRC signaling for CSI restricted measurement.
2.2. Periodic CSI reporting
Now there may be two subframe subsets for CSI measurement. If network wants to get the periodic CSI results of a configured subset, it should explicitly configure linking the periodic CSI report to the given subset via RRC signalling [1].
Based on the assumption that subset C1 in scenario 2 is not introduced, the ASN.1 of subframe subsets configuration together with periodic CSI reporting is shown below:
CQI-ReportConfig-v10xy ::=

SEQUENCE {

subsetConfigList-r10


SubsetConfigList-r10

OPTIONAL,
-- Need ON


periodicReportSubset-r10

ENUMERATED {S1, S2}


OPTIONAL
-- Need ON

}

SubsetConfigList-r10 ::=

CHOICE {

release






NULL,


setup






SEQUENCE (SIZE (1..2)) OF CHOICE {


subsetConfigFDD-r10



BIT STRING (SIZE (40))



subsetConfigTDD-r10



BIT STRING (SIZE (1..70)),

}

}
	CQI-ReportConfig field descriptions

	cqi-PUCCH-ResourceIndex

Parameter 
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for antenna port P0, see TS 36.213 [23, 7.2].

	twoAntennaPortActivated

Parameter and reference tbd.

	cqi-PUCCH-ResourceIndexP1

Parameter: 
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for antenna port P1, see TS 36.213 [23, 7.2].

	cqi-pmi-ConfigIndex

Parameter: CQI/PMI Periodicity and Offset Configuration Index ICQI/PMI, see TS 36.213 [23, tables 7.2.2-1A and 7.2.2-1C].

	ri-ConfigIndex

Parameter: RI Config Index IRI, see TS 36.213 [23, 7.2.2-1B].

	K

Parameter: K, see TS 36.213 [23, 7.2.2].

	cqi-FormatIndicatorPeriodic

Parameter: PUCCH CQI Feedback Type, see TS 36.213 [23, table 7.2.2-1]. Depending on transmissionMode, reporting mode is implicitly given from the table.

	ri-ReportMode

Parameter and reference tbd.

	simultaneousAckNackAndCQI

Parameter: Simultaneous-AN-and-CQI. see TS 36.213 [23, 10.1] TRUE indicates that simultaneous transmission of ACK/NACK and CQI is allowed.

	cqi-ReportModeAperiodic

Parameter: reporting mode. Value rm12 corresponds to Mode 1-2, rm20 corresponds to Mode 2-0, rm22 corresponds to Mode 2-2 etc. PUSCH reporting modes are described in TS 36.213 [23, 7.2.1].

	nomPDSCH-RS-EPRE-Offset

Parameter: 
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 see TS 36.213 [23, 7.2.3]. Actual value = IE value * 2 [dB].

	cqi-Mask

Limits CQI/PMI/RI reports to the on-duration period of the DRX cycle, see TS 36.321 [6].


	pmi-RI-Report

See TS 36.213 [23, 7.2]. The presence of this field means PMI/RI reporting is configured, which is applicable only when transmissionMode is set to tm8; otherwise PMI/RI reporting is not configured.

	subsetConfigList

For value setup the field indicates UE should perform restricted CSI measurement according to configured subsets, otherwise UE performs CSI measurement without any restriction as R8/9 UE. If only one subframe subset is configured, the implicit subframe subset can be deduced by UE with complementary operation.

	periodicReportsubset

The field indicate the linking periodic CSI report to a configured subframe subset when subframe subsets for CSI restricted measurement are configured. Value S1 represents the first subset of SubsetConfigList. Value S2 represents the second subset of SubsetConfigList if network explicitly configures two subframe subsets, or represents the implicit complementary subset if network only configures one subframe subset.

	subsetConfigFDD

The field provides subframe subset configuration where UE should perform restricted CSI measurement. “1” denotes that the correponding subframe belongs to the subframe subset. The length of the bit string is 40.

	subsetConfigTDD

The field provides subframe subset configuration where UE should perform restricted CSI measurement. “1” denotes that the corresponding subframe belongs to the subframe subset. Length of the bit string depends on UL/DL subframe configuration. It is 20 for UL/DL subframe configuration 1~5; 60 for UL/DL subframe configuration 6; 70 for UL/DL subframe configuration 0.


3. Conclusion
In this document we analyze some scenarios of CSI measurement. We suggest that:
Proposal 1: Signal 0, 1, or 2 subframe subsets in RRC signaling for CSI restricted measurement.
The corresponding ASN.1 of subframe subsets configuration and periodic CSI reporting configuration is provided together. 
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