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1
Introduction

With the finalization of the NAICS core part in the previous meeting, RAN4 needs to focus further on the introduction of UE CSI feedback performance requirements in addition to other NAICS functionality verification [1]. 
Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs
In this contribution we present our views regarding the NAICS UE CSI feedback performance requirements.  
2
CSI feedback testability framework
During the previous RAN1 meeting, it has been concluded the following operation for the Release 12 NAICS CSI feedback:

· In Rel-12, there is no change to the current CQI definition for NAICS CSI reporting.  

· Note that the UE would take into account any NAICS gains into the CQI derivation and it is up to RAN4 whether a new test case is required
· If RAN4 performance part does not find a feasibility of above note, this agreements do not preclude possibilities of RAN1 specification change

The RAN4 test case discussion for CSI feedback starts from the premises that the UE has to incorporate interference cancellation gains into the feedback.
Observation:

· NAICS CSI feedback testability builds on the ability of the UE to incorporate cancellation efficiencies into the reported CSI feedback.
RAN1 has been capturing also the following applicability for TM1-9 NAICS [3].

The following parameters have been agreed in RAN1 for NAICS higher-layer signalling for TM1 to TM9 to facilitate the interference cancellation and suppression for interfering cells at UE side.  However, it’s RAN1’s understanding that how to utilize the signalled parameters for interference cancellation and suppression is up to UE implementation.

…
· For TM1 to TM9, parameters in NAICS higher layer signalling are associated with physical cell ID

…

· No support of TM10 related assistance signalling and RAN1 assumes that no cancelation of TM10 PDSCH interference from neighboring cells in Rel-12 NAICS

While the CSI feedback testability is clear for TM1-9 for both NAICS and interferer, the interaction between TM10 (for NAICS UE) and TM1-9 (for interferer) needs further discussion. From a signalling perspective, it is indeed up to UE implementation how to apply NAICS, in other words, it is possible for a TM10 UE to cancel interference coming from TM1-9. From a CSI feedback computation, allowing NAICS for UE configured in TM1-10 has several implications as the signal strength and interference are measured based on different resources, from CRS in TM1-8/9 to CSI-RS and IMR for TM10. 

Proposal:

· Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.

2.1 Network assistance availability
The utilization of network assistance has been discussed so far mainly in the context of demodulation. Due to the higher layer nature of the NAICS signalling, the eNB-to-UE signalling is provided by RRC. This means that the network assistance will be updated and available at the UE on a slow pace, at the order of hundreds of milliseconds. This implies that in fact the network assistance is available at the UE for both CSI computation and also for demodulation purposes. How the NAICS UE would utilize the network assistance in order to minimize the UE (blind detection) complexity is up the UE implementation. 
Observation:

· The network assistance is available at the UE for both CSI feedback computation and demodulation.

The CSI feedback is composed by several components: RI, PMI and CQI. As the NAICS IC efficiencies are spanning quite a large range of potential applicable values due to the variability of scenarios and system parameterisation, it is expected that all the components of CSI feedback would be impacted by the IC operation.  

Observation:

· All the CSI feedback components (RI, PMI, CQI) might be impacted by the utilization of IC at the UE.

RAN1 has been discussing several potential CSI feedback enhancements:

· 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

Not all of the above CSI feedback enhancements are relevant to the current Release 12 RAN4 discussions. It is however important to clarify the NAICS UE steps which are involved into the NAICS CSI feedback computation, this is discussed in the next sections.
3
Operations for NAICS CSI feedback 
The NAICS UE will perform the following operations in order to compute the NAICS CSI feedback.
1. Dominant interferer identification and estimation
2. IC efficiency or NAICS gain estimation (dependent on dominant interferer strength, the CRS conditions, TM interaction, modulation interaction, etc.)

3. SINR computation based on an IC efficiency 
4. RI, PMI, CQI computation
Order of the operations 2-4 is not strictly defined and it might be UE implementation specific (depending also on the metrics used for RI, PMI computation/selection). In addition, there are circular reference type of interactions between different operations (see Section 3.3) making NAICS CSI feedback derivation more complicated. In the following, the NAICS CSI feedback operations are discussed in more detail.
3.1 Dominant interferer identification

In order to incorporate the IC efficiency into the NAICS CSI, the UE needs to identify the dominant interferer (DI). Alternatives to DI identification do exist, but their utilization has been proved not feasible, like for example the utilization of full IC of the dominant interferer or a possible scaling of the CSI feedback components based on a fudge factor, which yet would need to be understood how it can be tested. 

Observation:
· Taking into account the NAICS gains into the CSI feedback involves the need of dominant interferer identification.
3.1.1 Blind detection of DI for CSI feedback

One possibility for DI identification and estimation is by means of blind detection. As a result, the CSI feedback would rely on blind detection of the dominant interferer, and hence might have several implications on the blind detection process. More specific, several distinct situations may happen, depending on the existence or not of scheduled data for the NAICS UE. Note that the need for blind estimation in CSI feedback computation is because of the need to separate the dominant interferer from the rest of the interference and hence the mapping of an IC efficiency into the CSI feedback report.
1. The NAICS UE PDSCH ON, DI UE PDSCH ON: 
· In case of wide-band allocation, the blind detection of the dominant interferer can be performed similarly as in the case of the demodulation. In this case, the CQI improvement due to NAICS operation should be significant. This scenario requires a test.  
· In case of sub-band allocation, UE may incorporate the NAICS capability within the allocated band. For the rest of the band, SINRs can be computed according to legacy IRC operation. 

2. The NAICS UE PDSCH ON, DI UE PDSCH OFF: this is a typical case of mismatch when the interference conditions experienced at CSI computation stage are not similar to the interference conditions at demodulation stage. This scenario does not differ much from legacy scenario for receiver Type A. The NAICS UE would feed back the legacy CQI if dominant interferer is not identified. On the other side, the NAICS UE DI identification should be significantly improved by means of NW assistance.   

3. The NAICS UE PDSCH OFF, DI UE PDSCH ON: in this case there is a possibility that another UE is scheduled (or not) in the serving cell. In case a UE is scheduled in the serving cell, this needs to be blindly detected and identified as not being part of the target interference to be cancelled by the NAICS UE at the demodulation stage. As the total number of layers handled by the Release 12 NAICS UE is limited to 3, from the demodulation perspective the blind detection would target the identification and cancellation of at most two layers. However, the CSI computation might imply the blind detection and identification of more than two layers of interference, because modulation of another UE in the serving cells is unknown. What CQI the NAICS UE shall report in this particular case is FFS. One option would be to report E-IRC CQI which requires only the identification of a DI channel.      
4. The NAICS UE PDSCH OFF, DI UE PDSCH OFF: as in case from point 2, this scenario does not differ from legacy operation.
5. Several other types of configurations are possible. For example the CSI may be computed based on an estimated DI while in the demodulation stage the interference is coming from a different DI.  In another situation the same DI can be present for both the CSI and demodulation stage but its characteristics in terms of modulation, PMI or even rank may be different. Nevertheless, we believe that CQI should reflect instantaneous conditions seen by the UE.
Observations:
· Blind detection and identification of more than two layers might be necessary.

· New CQI test is required at least for scenario when NAICS UE PDSCH is ON as well as DI UE PDSCH ON.
3.2
IC efficiency computation/selection

According to RAN1 agreement Rel-12 “NAICS UE should take into account any NAICS gain in CQI derivation”. This implies that the NAICS UE needs to estimate the expected IC efficiency or the NAICS gain prior to forming the CQI report, but it is not strictly said how much of this IC efficiency should be included. Furthermore, RAN1 does not specify how this IC efficiency should be exactly estimated. No matter how the dominant interferer is estimated (that is through blind detection, as mentioned in above section, or not), in practice, accurate estimation requires the use of IC efficiency / gain mapping tables which may be obtained, e.g., by similar methods described in the NAICS TR [2]. Ideally, these tables would map information of interference and serving cell Tx parameters (modulation, RI, PMI …), their current channel state and, as well, the state of other interference – or some subset of this information – to IC efficiency or NAICS gain. Hence, accurate IC efficiency estimation would require full blown DI blind detection and identification capabilities from NAICS UE which might be difficult to achieve as discussed above. In addition, different IC efficiency / NAICS gain mapping methods/implementations for same NAICS receiver type might lead to different efficiencies / gains even with ideal Tx parameter, channel and interference knowledge. 
In RAN1, there was also discussion of using fixed DI Tx parameter assumptions in the NAICS CQI derivation. In principle, this would mean that IC efficiency / NAICS gain determination would use fixed interference modulation order, PMI, etc. or even that IC efficiency would be fixed to a certain level. However, this does not remove issues related to blind detection and identification totally, since effective channel or covariance information of interferer might still be needed. This, in turn, implies a need for interference RI and PMI knowledge as interference estimation must be based on CRS operation. Moreover, it has been proven that NAICS gain depends strongly on interference Tx parameters, thus using fixed parameters in CQI derivation might also violate NAICS UE’s capability to capture and report the IC gain properly. In addition, the current CQI definition needs to be obeyed as well, that is the UE is required to provide the highest CQI index that would result in PDSCH transport block transmission with BLER of 10%.
Observations:
· Guaranteeing accurate IC-efficiency/NAICS-gain estimation and consistency among NAICS UEs might experience several difficulties:
· Selecting an IC-efficiency is a needed operation in the NAICS CSI feedback computation.
· Several IC-efficiency computation methods exist and they might lead to different results.
· IC-efficiency derivation is sensitive to issues related to blind detection and DI identification.
· Fixed interference Tx parameter assumptions do not remove fully the need for blind detection since IC-efficiency still depends on interferer’s effective channel/covariance knowledge which, in turn, requires RI and PMI knowledge in CRS based estimation.
Proposals:
· Strive for a unified mechanism for capturing/deriving the NAICS IC-efficiencies ensuring a consistent behaviour across UEs.
· System performance should be used in confirming that the choice of NAICS IC-efficiency computation/selection is proving NAICS system gains and is a reliable measure.
3.3 RI/PMI/CQI computation

In addition to the interference Tx parameters, the NAICS CSI estimation depends also on the serving cell RI and PMI. On the other hand, one main purpose of CSI derivation is to select these parameters, which leads to a potential circular reference (chicken-and-egg) problem. For example, RI and PMI selection for CSI feedback should ideally take NAICS operation into account. Naturally, the optimal Tx rank and PMI are likely different for IRC receiver than for NAICS receiver. In case of NAICS receiver, prevailing dominant interference Tx parameters and, especially, the relative strength of dominant interference, affect the optimal RI and PMI selection. By relative interference strength we mean the post-processing DI-to-signal-and-other-interference-ratio (DI-SINR) whose value at scheduling time instance depends heavily on serving cell transmission RI and PMI, i.e., RI and PMI selection in CSI derivation stage. Thus, RI and PMI selection is affected by circular reference problem in case of NAICS, making the optimal selection complicated.
The CQI computation has a similar circular reference problem in NAICS where the UE should take IC efficiency into account in derivation. As discussed above, accurate IC efficiency / NAICS gain derivation needs knowledge of serving cell modulation order. Whereas CQI computation (which is, thus, supposed to take IC efficiency into account) essentially selects the serving cell modulation. This is to say that also NAICS aware CQI computation might suffer from increased complexity. Consequently, one can expect sub-optimal selection solutions among different UE implementations and, thus, diversity in RI/PMI and CQI selection results. 
Traditionally, outer loop link adaptation (OLLA) at eNB side has the ability to correct small inaccuracies in CQI derivation. However, this is not necessarily the case for NAICS UEs. Firstly, NAICS CQI tends to fluctuate relatively rapidly due to its’ dependency on serving and interfering cell Tx parameters which are subject of change, e.g., according to changing scheduling decisions. That is, OLLA might not have enough time to follow rapid CQI changes. In addition, the NAICS CQI fluctuations might be not only rapid but also within a high dynamic range.
Observations:
· RI/PMI and CQI computation is affected by circular reference problem in NAICS making optimal computation complicated.

· Increased complexity can be expected to lead to sub-optimal CSI derivation solutions and, thus, diversity in reported CSI.

· OLLA capability to correct inaccuracies in CQI derivation is reduced in NAICS.
Proposals:
· Strive for a unified mechanism for handling circular reference problem related to NAICS RI/PMI and CQI derivation ensuring a consistent behaviour across UEs.
· System performance should be used in confirming that the choice of NAICS RI/PMI and CQI derivation/selection is proving NAICS system gains and is a reliable measure.
4           Test bed specifics
The scenario(s) in which the NAICS CSI feedback is to be tested has to capture the differentiation between CSI feedback operation with and without embedding the NAICS IC efficiencies into the reported CSI. In other words, an acceptable comparison is towards NAICS CSI feedback computation based on legacy Type A (LMMSE-IRC) receiver. Due to the nature of the NAICS operation in both CSI feedback computation and demodulation, and due to the fact that performance requirements tests need to identify the IC operation, the NAICS IC receiver capability should be identified as receiver Type B, which is utilized in the following. 
Proposal:
· The test scenario needs to provide a clear differentiation between the legacy and Release 12 NAICS CSI feedback utilization.

· The purpose of the NAICS CSI tests is to verify that the reporting of CSI feedback is based on the NAICS IC efficiency utilization. 

· Identify the NAICS IC receiver as “Receiver Type B” in the specifications.
In terms of interference structure, both receiver Type A and Type B are operating in similar environments, however their approach on handling the dominant interferer is rather different. While for the Type A receiver it is important to get an accurate residual interference estimate capturing the dominant interferer as part of it, the receiver Type B needs to identify the dominant interferer and cancel it. In order to differentiate the receiver’s operation, it seems critical to provide an interference scenario in which the LMMSE-IRC is limited as much as possible while also the NAICS receiver is able to reveal its inner working mechanism which depends at least on the dominant interference strength, modulation format of both the NAICS UE and the dominant interferer. Other interference characteristics may be retained from the existing Type A receiver interference models, like for example the choice of random PMI and rank and other specific operation for considered TMs. As the test cases are for 2 receive antennas at the UE side, at least one possibility of differentiating between the Type A and Type B receivers it to consider two dominant interferers which would not be able to be handled by the Type A receiver. It is hence important to consider the ON/ON interfering environment, similar to Phase 1 simulation assumptions.
Proposal:

· Append the interference models for receiver Type A with specific characteristics facilitating the testability of the NAICS receiver.

· Two interferers should be explicitly modelled, similar to the ON/ON case from NAICS Phase 1.
· Randomized interference characteristics can be considered (random rank and PMI).

In the case of Type A receiver, the specified performance requirements had to show “the relative gain in terms of throughput obtained when the transport format is that indicated by the reported CSI subject to an interference model compared to the case with a white Gaussian noise model, and a requirement on the minimum BLER of the transmitted transport formats indicated by the reported CQI subject to an interference model”. The interference model utilized in Type A testing is perhaps the most advanced in terms of coloured interference structure. As the purpose of the LMMSE-IRC is to cancel one dominant interferer, each interfering cell involved in the enhanced performance requirements tests is characterized by an associated dominant interferer proportion (DIP) value. As the receiver Type A sets the legacy operation, the receiver Type B needs to show the relative gain in terms of throughput based on an interference model similar to that of receiver Type A, yet different in the sense of facilitating the particular IC operation performed in the receiver Type B.
Proposal:
· The receiver type B would be tested in non-coloured interference conditions.

Starting from the premises that two interferers with INR profiles I1/Noc and I2/Noc are considered in the test, the following test proposal can be further discussed. The NAICS UE would pass the CQI test when a ratio of throughputs, computed in different interference conditions, which would make use of the NAICS functionality, would pass a certain threshold and specified BLER requirements are met. More specifically, the test bed would consider in a first stage the ON/ON scenario and calculate a throughput, let’s call it as T2 (2 refers to two interferers with I1/Noc and I2/Noc). In a second stage the strong interferer would be turned OFF and the noise would be scaled up (or equally serving TxP down) so that overall SINR is the same as in the ON/ON stage. In these conditions, which are an OFF/ON scenario, the UE would compute a throughput T1. Finally, the ratio T2 / T1 would be compared to a threshold γ. Further analysis is needed in order to select the interference INR profiles, threshold γ and other parameterization in order to ensure that NAICS gain is taken into account into this calculation process.
Proposal:

· CSI test cases can be based on evaluating a ratio of throughputs in different interference conditions, for example based on the ON/ON and OFF/ON scenarios.
5
Conclusions

In this contribution we have been presenting views with respect to the NAICS CSI feedback testability. 
Observations:
1. NAICS CSI feedback testability builds on the ability of the UE to incorporate cancellation efficiencies into the reported CSI feedback.

2. The network assistance is available at the UE for both CSI feedback computation and demodulation.

3. All the CSI feedback components (RI, PMI, CQI) might be impacted by the utilization of IC at the UE.

4. Taking into account the NAICS gains into the CSI feedback involves the need of dominant interferer identification.

5. Blind detection and identification of more than two layers might be necessary.
6. New CQI test is required at least for scenario when NAICS UE PDSCH is ON as well as DI UE PDSCH ON.
7. Guaranteeing accurate IC-efficiency/NAICS-gain estimation and consistency among NAICS UEs might experience several difficulties:
· Selecting an IC-efficiency is a needed operation in the NAICS CSI feedback computation.
· Several IC-efficiency computation methods exist and they might lead to different results.
· IC-efficiency derivation is sensitive to issues related to blind detection and DI identification.
· Fixed interference Tx parameter assumptions do not remove fully the need for blind detection since IC-efficiency still depends on interferer’s effective channel/covariance knowledge which, in turn, requires RI and PMI knowledge in CRS based estimation.
Proposals: 

1. Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.

2. Strive for a unified mechanism for capturing/deriving the NAICS IC-efficiencies ensuring a consistent behaviour across UEs.

3. Strive for a unified mechanism for handling circular reference problem related to NAICS RI/PMI and CQI derivation ensuring a consistent behaviour across UEs.

4. System performance should be used in confirming that the choice of NAICS IC-efficiency computation/selection is proving NAICS system gains and is a reliable measure.

5. System performance should be used in confirming that the choice of NAICS RI/PMI and CQI derivation/selection is proving NAICS system gains and is a reliable measure.
Test bed specifics: 

6. The test scenario needs to provide a clear differentiation between the legacy and Release 12 NAICS CSI feedback utilization.

7. The purpose of the NAICS CSI tests is to verify that the reporting of CSI feedback is based on the NAICS IC efficiency utilization. 

8. Identify the NAICS IC receiver as “Receiver Type B” in the specifications.
9. Append the interference models for receiver type A with specific characteristics facilitating the testability of the NAICS receiver.

10. Two interferers should be explicitly modelled, similar to the ON/ON case from NAICS Phase1.

11. Randomized interference characteristics can be considered (random rank and PMI).

12. The receiver type B would be tested in non-coloured interference conditions.
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