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1 Introduction

Interference management schemes in Rel 10 have focused on coordinating cells to reduce interference e.g. CoMP. We propose a scheme to improve interference measurement in systems with extreme interference variation. The variation of out-of-cell interference causes inaccuracies in channel feedback from the UE to the eNB. This interference variation can be caused by time varying precoding arising from scheduling in other cells, by power control and/or interference coordination especially in scenarios such as low UE loads, closed loop MIMO transmission in medium or high loads and in heterogeneous networks. In this contribution, we focus on CQI feedback and propose an enhancement to the existing CQI feedback specification to reduce the effects of interference variation in both homogenous and heterogeneous networks.
Note that modified CQI definitions as a CQI enhancement for SU/MU MIMO was captured in RAN1#59 as a technique based on Rel-8 CQI/PMI feedback extension to focus on.
2 Interference Variation Scenarios
Extreme interference variation and the corresponding increase in CQI inaccuracy may be found in the following scenarios:
Medium/High load scenarios in closed loop MIMO transmission: In this case, the out-of-cell scheduling with time varying precoders causes a large, unpredictable variation in the interference seen from different cells and increases the flashlight effect seen by the UEs. This makes it difficult to measure and feedback accurate CQI. As such, to guarantee the CQI quality specified in [1, Section 7.2.3], the link adaptation algorithms incorporate additional back-off factors and as such reducing the performance of the network.

Low load scenarios: In this case, only partial system resources (time/frequency) are active because of the limited UE/service and possibly, the corresponding energy saving design. The active resources may alternate in different subframes and/or subbands. Consequently, the UE in the low load scenario will experience varied interference in both the frequency and time domains. This results in in-accurate CQI measurements and impacts the resource usage efficiency and re-transmission probability. 
Heterogeneous Network Scenarios: In heterogeneous networks, the presence of different network elements e.g. a femto-cells, pico-cells or Home eNBs, with different transmission characteristics can give rise to very strong interference conditions [12]. For example, a UE adjacent to a femtocell with a Closed Subscriber Group that it does not belong to experiences very strong interference when the femtocell transmits.  This will result in inaccurate UE measurements.
3 Resource Specific CQI Measurement
To solve the issues of CQI measurement with extreme interference variation discussed above, we propose the use of a resource specific CQI measurement mode. This new CQI measurement mode is introduced to measure the interference corresponding to a specific set of subframes/subbands indicated by the eNB so as to better reflect the interference levels in real systems and to improve the CQI measurement and link adaptation accuracy in any of these scenarios. 

In resource specific CQI measurement, the eNB configures the time and frequency observation interval that the UE uses to derive the CQI value for a specific sub-frame and/or frequency resource. This is as opposed to the relationship specified in the current specification, where the CQI reported is defined as [1, section 7.2.3],

“Based on an unrestricted observation interval in time and frequency…”
As such, from a RAN1 point-of-view, all the CQI types (wideband CQI, UE selected subband CQI and higher layer configured subband CQI) are based on measurements of the entire system bandwidth over a time interval decided by the UE manufacturer. (Note that the testing procedures in RAN4 may require a more restrictive interpretation of the frequency measurement interval).
To improve the CQI estimate in interference varying scenarios, we propose two modifications: 

· Allow for a periodic observation interval in time.
· Allow for a partial bandwidth observation in frequency. This is similar to the configurable set S concept for CQI reporting discussed in during Release 8 [7].
Thus, for this new CQI measurement mode, the requirement in [1, Section 7.2.3] should be: 

“Based on an eNB configured interval in time and frequency… Note that the time interval may be periodic”.

This periodicity may be signaled over the air or by L3 messaging. A text proposal detailing this change may be found in Section 7. Note that the adaptation of this new CQI measurement mode needs not change the current CQI feedback modes.
4 Application of Resource Specific CQI measurement to different Scenarios
Medium/High load scenarios in closed loop MIMO transmission or Heterogeneous networks: In this case, the UE is configured to measure the CQI periodically (for an unrestricted interval) rather than over an unrestricted interval in time. As such, the UE is able to measure the CQI under certain “scheduled” interference conditions, which improves the CQI measurement accuracy.

As an example, in the figure below, we show the CQI measurement in a network in which the interfering entity (a coordinated beam in medium to high load scenarios as in coordinated beam switching [2] -[6], or an HeNB in a CSG environment [8][9]) is scheduled to come on every 2 subframes. We assume that the time observation interval is 10 msec and, for simplicity, the UE finds the mean of the CQI for the valid subframes (the red subframes in Figure 1) over the observation interval. With the network in Rel 8 CQI feedback mode, the UE feeds back a CQI of 4.8 dB. With the network in the new resource specific CQI measurement mode, the UE feeds back 3.63 dB, a difference of over 1 dB. 
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Figure 1: Example of resource specific CQI

Low Load Scenarios: In this case, the UE measures the CQI based on an eNB configured partial bandwidth, with the additional bandwidth “shut down” for frequency domain ICIC or energy savings.  It does not always require the UE to measure the wideband CQI since only partial resources are active. Thus, it is reasonable to measure the CQI/PMI only in a partial bandwidth. The partial bandwidth (PB) to be measured is configured by eNB and communicated to the UE [7]. 
Moreover, the current specification defines the frequency feedback granularity in subband CQI mode in which the larger bandwidth system would have larger feedback granularity. In low load scenario, since partial bandwidth is active, e.g 5MHz is active in 20MHz system it is more effective to configure the feedback granularity related to the active system bandwidth. As a result, more accurate CQI could be obtained in the partial bandwidth compared to Rel-8.
5 RAN 4 Testing Issues

For testing in RAN4, two specific scenarios that allows for partial bandwidth measurement and a periodic CQI measurement interval may be created while the other aspects of CQI testing can reuse the current specification for Release 8.
6 Conclusion

This contribution proposes the use of resource specific CQI measurement in Rel 10 in high interference variation environments. To improve the CQI estimate in interference varying scenarios, we propose two modifications to the existing CQI specification: 

· Allow for a periodic observation interval in time.
· Allow for a partial bandwidth observation in frequency 
We identify high interference variation environments such as  Medium/High load scenarios in closed loop MIMO transmission, low load scenarios and heterogeneous networks and shows how the use of the resource specific CQI measurement can improve CQI estimation in these environments.
7 Text Proposal
--------------Start Text----------------- 

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. 
In a separate measurement mode, the eNB may configure a Resource-specific CQI measurement to support time and frequency domain interference variation.  The CQI measurement is now based on an eNB configured interval in time and frequency.  The time interval may be periodic.
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 a 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 DCI format 0.

· 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
· 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.
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.
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

· 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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[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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The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. 

--------------End Text----------------- 
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