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1. Introduction
Various CSI enhancement ideas for NAICS were proposed and discussed in the last RAN1 meeting. While there was no consensus reached on the benefits of CSI enhancement, the following observations and conclusions were made [1]. 
Observations:

· Following CSI enhancement for NAICS were proposed
· Extending CSI reference resource definition to the resource allocation of the scheduled PDSCH

· Additional feedback to assist the network with assessing the benefit of network assistance signaling and making reconfigurations to NAICS UE
· NAICS CQI with a fixed modulation assumption of interference signal

· Aperiodic CSI-IMR configuration 

· Configuration of interference averaging interval for CSI calculation by network side

· NAICS CSI calculated based on interference observed over a CSI-IM

· Multiple CSI feedback assuming different receiver type

· Modification of CQI definition
· Among the above proposals, consensus on the benefits of CSI enhancement has not been yet reached

Conclusion:

· In RAN1 #78 meeting, all companies are encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement
Agreement:
· No RAN2 impact by NAICS CSI enhancement
 In this contribution, we discuss two possible options and our views on CSI enhancement for NAICS. 
2. Discussion
The proposed CSI enhancement ideas so far In RAN1 can be loosely characterized by the following two broad options:
2.1. Option 1: 
· Report CQI that takes into account the interference cancellation/suppression performance improvement of the NAICS receiver (a.k.a. post-NAICS CQI)
The motivation of option 1 is well understood.  However, as recognized by many companies, measuring CQI properly in NAICS is a difficult task (e.g. [2] to [5]).  Reporting CQI in accordance with existing CQI definition would require a NAICS UE to measure the post NAICS interference, i.e. residual interference plus noise after interference cancellation. For this purpose, the UE needs to acquire information on the interfering PDSCH parameters and to estimate the interference cancellation efficiency (CE), i.e. the percentage of interference that can be cancelled or suppressed.  For TM10, the interference measurement resource is defined by the CSI-IM, whereas for TM1 to TM9 there is no restriction on where the interference measurement should be performed.  
For TM1 to TM9, as there is no restriction on where the interference measurement should be performed, it is possible that when a UE is scheduled with wideband DL data in a subframe with a CSI reference resource, the UE may be able to estimate a post NAICS CQI relatively straightforwardly [3]. However, when the UE is not scheduled with any data in the subframe, in order to estimate the CE and thus the post NAICS CQI, the UE would need to be able to cancel PDSCHs transmitted from the serving cell for other UEs in the same cell.
On the other hand, a UE configured with one of the transmission modes TM1 to TM9 typically measure interference on the serving cell CRS resources. However, in case of colliding CRSs, the observed interference is effectively CRS interference from neighbor cells, which does not provide information about the interfering PDSCH in terms of parameters such as modulation order, data layers and etc. Therefore, it is difficult to estimate the CE from such observations.
A UE could report a “clean” or “Hybrid” CQI [4] corresponding to a post CRS-IC CQI under the hypothesis that the UE can cancel the PDSCH interference with the same efficiency as cancelling the CRS associated with one or more strongest aggressors. However, the assumption is not always correct and thus it does not always comply with the existing CQI definition, since the UE reports highest CQI index reflecting 10% BLER.

For TM10, a UE shall measure interference on the CSI-IM resources. However, the interference on the CSI-IM may not be the actual PDSCH interference. This is because eNB may inject, for example, some signals in CSI-IM to mimic interference power. In this case, it would be difficult to estimate the actual CE based on the injected signals.
Observation 1:

· Post-NAICS CQI reporting requires a UE to estimate interference cancellation efficiency (CE) of NAICS receiver, which is difficult without measuring interference on the PDSCH resources. 

· Measuring CQI on PDSCH resources would require a UE to cancel serving cell PDSCH, which could increase the computational complexity significantly when CSI reference resources do not overlap with UE’s own scheduled PDSCH.  In addition, for TM10, this clearly does not comply with the CQI definition.

· Reporting CQI based on serving cell CRS REs with a hypothetical PDSCH interferer does not always comply with the current CQI definition.
· The existing Rel-11 CoMP CSI concept of injecting interference signals onto CSI-IM precludes the use of post-NAICS CQI reporting for TM10.
It is possible in principle to directly measure the interfering PDSCH to estimate CE for post-NAICS CQI in some cases such as in the case of non-colliding CRS. However, the CE estimates can be sensitive to the characteristics of the interfering PDSCHs (such as modulation level, SNR, the number of interferers, precoders used, etc.), and so post NAICS CQI may fluctuate considerably in time as an interfering PDSCH changes due to scheduling of different UEs. It would be difficult for the outer-loop link adaptation to work properly with such large CQI fluctuations.  Fluctuating CQI occurs today in typically low loaded networks, but the consequences of occasionally using too optimistic MCSs in such scenarios would be considerably milder in comparison to scenarios with high system load. 
Observation 2:
· Inconsistent CQI reporting is expected with  option 1 depending on UE implementation
Given the above difficulties and if option 1 is used, the reported CQI may vary widely with different UE implementations. From network perspective, consistent UE behavior in CQI reporting is very important for proper outer loop link adaptation (OLLA).  Inconsistent CQI reporting can pose serious challenges to eNB in dealing with the reported CQI, and if it is not handled properly, it may degrade the overall network performance.  To ensure consistent CQI reporting without changing the current CQI definition, new RAN4 test cases are required.  The tests should be designed such that consistent CQI is reported under a dynamic PDSCH interference environment.  

To achieve consistent CQI reporting, a UE needs to estimate the interference cancellation efficiency reliably. For that purpose, the only viable way seems to be that the UE measures and analyzes interference over the PDSCH resources over the CSI reference resources.  There are a few scenarios that need to be considered:

· Scenario 1: The serving cell does not schedule anything on the CSI reference resources.  In this case, the UE can measure the interference directly on the reference resources and estimate the CE
· Scenario 2: The UE has PDSCH scheduled on the CSI reference resources. In this case, because the UE will decode its own PDSCH, it can also measure the interference and estimate the CE after decoding.
· Scenario 3: There are PDSCHs scheduled on the reference resources in the serving cell but for other UEs.  In this case, the UE needs to remove or cancel the intra-cell PDSCHs before measuring or analyzing the inter-cell PDSCH interference on the reference resources.  This may require the knowledge of the full configuration of the intra-cell PDSCHs. It is unclear how the UE can get information about the intra-cell PDSCHs and how the intra-cell PDSCH cancellation can be done. Effectively, the UE needs to deal with two interferers, one intra-cell and the other inter-cell for CSI estimation purposes. This may contradict to the WID assumption that only one interferer is to be cancelled by a NAICS capable UE [6]. 
· Scenario 4: A combination of scenarios 1 to 3 above.  In this case, part of the CSI resources may be scheduled with PDSCH for the UE and PDSCHs for other UEs in the same cell. 
The RAN4 tests should cover all these four scenarios. In addition, the tests need to cover the dynamic aspect of the interference i.e. PDSCH interferers with different parameters may be present in different CSI reference resources and in different subframes.  The tests should cover both colliding and non-colliding CRS cases for TM1-TM9, and cover cases where CSI reference resources do not, or only partially, overlap with scheduled data resource elements. 

Observation 3:
· With option1, new test cases in RAN4 are required to ensure consistent CQI reporting under NAICS.
· To ensure consistent CQI reporting with option 1, RAN4 tests would need to cover scenarios where PDSCH interference parameters are, per subframe, changing randomly and where CSI reference resources do not, or only partially, overlap with scheduled data resource elements.
2.2. Option 2: 
· Report CQI such that the interference cancellation/suppression performance improvement of the NAICS receiver can be realized through outer-loop link adaptation (a.k.a. ‘pre-NAICS CQI’).
With Option 2, a UE reports a pre-NAICS CQI without considering the additional interference cancellation capability of a NAICS receiver. Although the performance estimated as part of the CQI reporting may differ from the demodulation performance of a NAICS receiver, it enforces consistent and well defined UE behavior.   With consistent CQI reporting, the mismatch between the reported CQI and the actual demodulation performance may be compensated for at eNB in a number of ways including outer loop link adaptation. Depending on the operating scenario, eNB may schedule UEs either conservatively or aggressively based on the reported CQI.  
Clearly, the current CQI definition needs to be modified.  The modification should allow some difference between the reported CQI and the actual NAICS cancellation performance. 
Observation 4:
· Option 2 enables consistent CQI reporting and thus consistent UE behavior 
· Some modification of the existing CQI definition is required
An example of option 2 CQI reporting that could possibly be captured in the specification is illustrated below, where the underlined texts are the additions to current specification text in TS 36.213: 

Note that above text modifications are a direct reflection of the intended UE behavior for Rel-11 TM10 and constitute important clarifications now when NAICS capable UEs are introduced.  LTE reference receivers prior to NAICS do not take into account an interfering PDSCH’s origin and relationship to other transmitted signals.  NAICS receivers can take into account an interfering PDSCH’s origin, i.e. how it may be transmitted (such as the modulation order, etc.) and with which reference signals it can be associated.  Therefore, the Rel-11 TM10 CQI definition can be unclear in the context of NAICS functionality. The added text would ensure that a NAICS UE behaves the same as a Rel-11 UE in terms of CQI reporting.
For TM1 to TM9, interference measurement resource may be explicitly specified to be on the serving cell CRS REs.  As a matter of fact, even though not explicitly specified, it is understood that interference measurement for TM1-TM9 is performed mainly over the serving cell’s CRS REs. In fact, the RAN4 performance requirements implicitly assume that the UE does its interference measurements on CRS REs.  Therefore, clearly specifying serving cell CRS as the interference measurement resource in TM1-9 would avoid potential ambiguity and allow consistent UE behavior on CQI measurement. 

[image: image1]For TM10, the following addition would be a clarification of the Rel-11 UE behavior with respect to how a UE in TM10 shall derive the interference measurements for computing CQI:
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With the above modifications, a unified CQI definition for all transmission modes can be used. This would have the added benefit of introducing a well specified interference estimation approach also for TM1-9, thereby improving consistency of UE behavior without imposing an implementation burden compared with current UEs in practice. 

A draft CR is attached at the end of this contribution.

3. Conclusions
Two CQI reporting options in NAICS were discussed, i.e. pre- and post-NAICS CQI.  The following observations were made from the discussions:
Observations for option 1:

· Post-NAICS CQI reporting requires a UE to estimate interference cancellation efficiency (CE) of NAICS receiver, which is difficult without measuring interference on the PDSCH resources. 

· Measuring CQI on PDSCH resources would require a UE to cancel serving cell PDSCH, which could increase the computational complexity significantly when CSI reference resources do not overlap with the UE’s own scheduled PDSCH. For TM10, this does not comply with the CQI definition.

· Reporting a CQI based on serving cell CRS REs with a hypothetical PDSCH interferer does not always comply with the current 10% BLER CQI definition.
· The existing Rel-11 CoMP CSI concept of injecting interference signals onto CSI-IM precludes the use of post-NAICS CQI reporting for TM10.
· Inconsistent CQI reporting is expected with option 1 depending on UE implementation.
· With option 1, new test cases in RAN4 are required to ensure consistent CQI reporting under NAICS.
· To ensure consistent CQI reporting with option 1, RAN4 tests would be needed to cover scenarios where PDSCH interference parameters are, per subframe, changing randomly and where CSI reference resources do not, or only partially, overlap with scheduled data resource elements.
Observations for option 2:

· Option 2 enables more consistent CQI reporting and thus more consistent UE behavior.
· Some modification of the existing CQI definition is required. 

In the light of these observations, we have the following proposal:

Proposal:
· Adopt option 2 for CQI reporting with some modification/clarification of the existing CQI definition (CR proposal is attached) 
· Option 2:

· Report CQI such that the interference cancellation/suppression performance improvement of the NAICS receiver can be realized through outer-loop link adaptation (a.k.a. ‘pre-NAICS CQI’)
4. References

[1] Chairman’s Notes RAN1#77-final

[2] R1-142324, On CSI enhancements in support of NAICS, Ericsson
[3] R1-142015, Discussion on CSI enhancement for NAICS, Intel Corporation
[4] R1-141978, CSI measurement and reporting for NAICS, Qualcomm
[5] R1-142314, On CSI feedback enhancements in support of NAICS, NDIVIA
[6] RP-140519(WID), Network Assistance Interference Cancellation and Suppression in LTE

5. Appendix: Draft CR on CQI definition modification in 36.213

------------------------------ Begin  CR  --------------------------
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 CSI reference resource, could be received with a transport block error probability not exceeding 0.1 assuming that the interference on the PDSCH REs is as seen on the interference measurement resources.
If CSI subframe sets 
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 are configured by higher layers, each CSI reference resource belongs to either 
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 but not to both. When CSI subframe sets 
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 are configured by higher layers a UE is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either subframe set. For a UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference resource is configured by higher layers for each CSI process.

For a UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers, 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 (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.
For a UE in transmission modes 1-9, the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n based on only the serving cell CRS REs assuming that the interference is of unspecified origin with possibly no relation to other transmitted signals. 

For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process. The UE shall assume that the received signals on this configured CSI-IM resource are interference of unspecified origin with possibly no relation to other transmitted signals. If the UE in transmission mode 10 is configured by higher layers for CSI subframe sets 
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 for the CSI process, the configured CSI-IM resource within the subframe subset belonging to the CSI reference resource is used to derive the interference measurement.
---------------------  end of  CR  -----------------
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 CSI reference resource, could be received with a transport block error probability not exceeding 0.1 assuming that the interference on the PDSCH REs is as seen on the interference measurement resources�.





For a UE in transmission modes 1-9, the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n based on only the serving cell CRS REs assuming that the interference is of unspecified origin with possibly no relation to other transmitted signals�. 








For a UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in [3]) within the configured CSI-IM resource associated with the CSI process. The UE shall assume that the received signals on this configured CSI-IM resource are interference of unspecified origin with possibly no relation to other transmitted signals.
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