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1. Introduction

At the RAN1#63bis meeting, the following were agreed upon for CSI measurement on restricted resources.

	· 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


This contribution studies the remaining issues regarding Rel. 10 eICIC.
· Measurement definitions for resource-restricted measurements (RSRQ, RLM, CSI)

· Collision handling or other clarification for periodic CSI reporting
· Working assumption for aperiodic CSI reporting

2. Remaining Issues Regarding eICIC for Rel. 10

2.1 Measurement definitions for resource-restricted measurements (RSRQ, RLM, CSI)
Proposal:

· For measurement restriction on both RSRP and RSPQ, Sections 5.1.1 and 5.1.3, respectively in TS36.214 [1] should be revised such that the measurements are performed on the subframes indicated by higher layer signaling. Although RSRP is by definition relevant to the interference level, its measurement restriction would improve the estimation accuracy. 

· For measurement restrictions on RLM, Section 4.2.1 in TS36.213 [2] should be revised such that the measurements are performed on the subframes indicated by higher layer signaling.

· For measurement restrictions on CSI, based on the agreement mentioned in Section 1, the following revisions for Sections 7.2 and 7.2.3 in TS36.213 could be considered.
	=== Cited from TS 36.213 ===

7.2
UE procedure for reporting channel quality indication (CQI), precoding matrix indicator (PMI) and rank indication (RI)

The time and frequency resources that can be used by the UE to report CQI, PMI, and RI are controlled by the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful transmission layers. For transmit diversity as given in [3], RI is equal to one.

A UE in transmission mode 8 [or 9] is configured with PMI/RI reporting if the parameter pmi-RI-Report is configured by higher layer signalling; otherwise, it is configured without PMI/RI reporting.
CQI, PMI, and RI reporting is periodic or aperiodic.

A UE shall transmit periodic CQI/PMI, or RI reporting on PUCCH as defined hereafter in subframes with no PUSCH allocation. A UE shall transmit periodic CQI/PMI or RI reporting on PUSCH as defined hereafter in subframes with PUSCH allocation, where the UE shall use the same PUCCH-based periodic CQI/PMI or RI reporting format on PUSCH. If a UE is configured with higher layer parameter X [TR36.331], which contains two bitmaps each of which indicates a subset of subframes for CQI/PMI/RI measurements, the UE reports CQI/PMI/RI for each subset.
A UE shall transmit aperiodic CQI/PMI, and RI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic CQI reporting, RI reporting is transmitted only if configured CQI/PMI/RI feedback type supports RI reporting. If a UE is configured with parameter X, the UE reports CQI/PMI/RI of the subset containing the CQI reference resource.

The CQI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:
=== Omitted ===

7.2.3 Channel quality indicator (CQI) definition

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

If a UE is configured with higher layer parameter X [TR36.331], the observation interval is restricted to the indicated subset of subframes. Otherwise, the observation interval is unrestricted in the time and frequency domains. Based on the observation interval in the 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 n based on only the Channel-State Information (CSI) reference signals defined in [3].  For other transmission modes and their respective reporting modes the UE shall derive the channel measurements for computing CQI based on CRS.

A combination of modulation scheme and transport block size corresponds to a CQI index if:

· the combination could be signalled for transmission on the PDSCH in the CQI reference resource according to the relevant Transport Block Size table, and 

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

· the combination of 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 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.

The CQI reference resource is defined as follows:

· In the frequency domain, the CQI 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, the CQI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CQI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;
· where for aperiodic CQI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CQI request in a uplink DCI format.

· where for aperiodic CQI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CQI request in a Random Access Response Grant.

A downlink subframe shall be considered to be valid if:
· it is configured as a downlink subframe for that UE, and
· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and
· it does not fall within a configured measurement gap for that UE, and
· for periodic CQI report, it is included in the subset of subframes indicated by parameter X when configured, and

· for aperiodic CQI report, it is included in one of the subsets of the subframe indicated by parameter X.
If there is no valid downlink subframe for the CQI reference resource, CQI reporting is omitted in uplink subframe n.
· In the layer domain, the CQI reference resource is defined by any RI and PMI on which the CQI is conditioned.
· 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).  

· 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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which shall be assumed to be 
· 
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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. 


2.3 Collision handling or other clarification for periodic CSI reporting
For periodic CSI reporting, two CSI feedback reports can be configured. In the case of a collision between the two feedback reports (although the two CSI feedback parameters should be configured so that there are no collisions), one form of simple collision handling would be for the UE to drop the CSI reports corresponding to the 2nd bitmap. It is up to the network how to define the 1st and 2nd bitmaps. If the eNB always prioritizes the CSI of protected subframes, the bitmap for the protected subframe could be set as the 1st bitmap. On the other hand, if the eNB prioritizes the CSI feedback having a longer duty cycle, which would in practice correspond to the CSI of the non-protected subframe, the bit for the non-protected subframe could be set as the 1st bitmap.

Proposal:

·  In the case of a collision of CSI (CQI/PMI/RI) reports for the two bitmaps, the CSI corresponding to the second subset is dropped.
2.4. Confirmation of working assumption of aperiodic CSI reporting
Current working assumption for aperiodic CSI triggering for time domain eICIC is as follows.

Aperiodic CSI triggering in time domain eICIC (Current working assumption)
· For CSI reporting instance at subframe n, the UE shall report CSI feedback based on the subset containing the CQI reference resource
Pros: eNB can trigger CSI for multiple bitmaps by 1-bit indication in PDCCH.
Cons: Bitmap is tied with triggering timing, which reduces the flexibility of triggering timing of CSI feedback of each bit map.
On the other hand, in the case of carrier aggregation, the latest discussion status regarding aperiodic CS feedback mechanisms is given hereafter.
Aperiodic CSI triggering in CA

· It was agreed that triggering with UE-specific search space is based on 2-bit code-points in the PDCCH, which enables eNB to indicate dynamically the cells for which CSI is fed back. RRC signaling is used to configure the set of cells.
· There is further discussion on triggering with a common search space based on a 1-bit code-point in the PDCCH where the interpretation of the code-point is FFS.
Fundamentally, a similar CSI feedback mechanism could be applied in the time and frequency domains. One possible re-interpretation of the above mechanisms for CA to time domain eICIC would be as follows.
Aperiodic CSI triggering in time domain eICIC based on that for CA

· Triggering with a UE-specific search space is based on 2-bit code-points in the PDCCH, which enables eNB to indicate dynamically the RRC configured bitmaps for which CSI is fed back. 

· Triggering with a common search space is based on a 1-bit code-point in the PDCCH where the interpretation of the code-point is FFS. One possibility is that if the bit is “1”, the UE reports CSI feedback based on the subset containing the CQI reference resource as agreed in RAN1#63bis. Another possibility is simply that if the bit is “1”, the UE reports CSI feedback based on the 1st bitmap.
Pros: eNB can trigger CSI of any bitmap with any subframe timing, which provides more flexibility.

Cons: It requires larger overhead. 

One issue regarding re-using the same mechanism between the time domain eICIC and CA would be how to configure RRC signaling when both CA and time domain eICIC are configured by the network. Additional overhead increase to support joint triggering in time and frequency should be carefully examined. RAN1 could revisit this issue regarding re-using the agreed CA mechanism before confirming the WA.

Summary

This contribution examined the remaining issues regarding Rel. 10 eICIC. 

· For measurement restriction of RRM, RLM, and CSI, revisions on the relevant specifications have been suggested to reflect the agreements as shown in Section 2.1.
· For collision handling of CSI of two bitmaps, one simple way of collision handling would be for the CSI corresponding to the second bit map to be dropped where it is up to the eNB how to configure the 1st and 2nd bitmaps.

· For aperiodic CSI feedback, RAN1 could review the issues regarding re-using the agreed CA mechanism before confirming the WA. Additional overhead increase for joint triggering in time and frequency, if needed, should be carefully studied.
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