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1 Introduction
For a UE performing NAICS demodulation, multiple different options exist for CQI reporting. Some of the algorithm choices have been discussed in the previous RAN4 meetings [1]-[4]. Broadly, this includes CQI algorithms that factor NAICS gains into the CQI report (Post-NAICS CQI) and the ones that do not (Pre-NAICS CQI). In this paper, we provide further analysis and in particular show the performance benefits capturing NAICS gains into the UE CQI report.

For the rest of this discussion, we would like to clarify the two aspects of CSI reporting namely (a) Objective of CSI reporting, and (b) Minimum requirements for UE CSI reporting in RAN4. 

The objective of CSI reporting is to capture the UE demodulation capability considering the channel, interference conditions along with the UE receiver capability. It is fundamentally desirable to minimize disconnects between the UE demodulation capability and the UE CSI report.

The second aspect, which is of particular interest to RAN4 is the minimum requirement on UE CSI reporting. For demodulation as well as CSI, the principle behind RAN4 minimum requirements is to define a certain level of performance which the UE must meet at the minimum, while not precluding the possibility of better performance. For demodulation, the UE is required to meet a minimum throughput, whereas for CSI, the requirements ensure that the reported CQI matches the demodulation to the best possible extent. 

For the latter aspect, performance, complexity and robustness over a variety of scenarios need to be considered while setting the minimum requirements. In our understanding, the goal of RAN4 CQI discussions is not to standardize a particular UE algorithm, nor to set maximum performance limits on the UE. The task in RAN4 is to determine the need and the nature of CQI tests considering different kinds of CQI reporting options. 
As of RAN4 #74, the CQI reporting options that have been discussed in RAN4 are
· Pre-NAICS CQI

· Without CRS-IC / With CRS-IC

· Post-NAICS CQI

· With Interference Parameter Blind Detection 

· With Interference Covariance Estimation

· Semi-static Post-NAICS CQI
In this paper, we present further analysis for two schemes in particular, namely (a) Post-NAICS CQI with Interference Covariance Estimation and (b) Pre-NAICS CQI. Please note that multiple algorithms are possible within the categories of semi-static Post-NAICS CQI and Dynamic Post-NAICS CQI corresponding to different UE implementations and the analysis presented in this paper is only to show the proof of existence of a simple CQI report that captures NAICS gains and the corresponding performance benefit. In the accompanying paper [1], we present our views on CQI testing in RAN4 for NAICS.

2 NAICS: CQI Reporting Options
In this paper, we discuss the following CQI reporting options
· Option 1: Pre-NAICS CQI

· 1a: Pre-NAICS CQI without CRS-IC

· 1b: Pre-NAICS CQI with CRS-IC

· Option 2: Post-NAICS CQI

· 2a: Post-NAICS CQI with Interference Parameter Blind Detection
· 2b: Post-NAICS CQI with Interference Covariance Estimation
· 2c: Semi-static Post-NAICS CQI
Fundamentally, the goal of CQI reporting is to reflect channel conditions, interference conditions and UE demodulation capabilities to the eNB. Pre-NAICS CQI satisfies only the first two objectives in this list and does not achieve the third objective which is to capture UE demodulation capability in the CQI report. The ability of Post-NAICS CQI to capture UE demodulation performance into the CQI report allows enhanced performance gains.
In [2], the definitions for each of the CQI reporting schemes was presented. With the terminology clarification, we review the same in the following sections. We present results analyzing algorithms 1(a) and 2(b).
2.1 Overview of NAICS CQI Algorithms
In this section, we list the salient aspects of each CQI algorithm,  
2.1.1 Pre-NAICS CQI without CRS-IC

· The UE feeds back CQI report without considering NAICS and CRS-IC operations.
· Regardless of the demodulation performance, CQI is always based MMSE-IRC receiver. Therefore, the only gain that can be achieved in closed loop operation without OLLA is the reduction of demodulation BLER which is targeted to be around 10%. Although the gains in practice may be slightly larger or smaller due to varying channel conditions and the additional demodulation robustness, the MCS choice limits the throughput gains. Clearly, NAICS gains have shown the potential for much larger throughput increase in some scenarios.

· OLLA operation: The claim that OLLA may alone be used to compensate for CQI mismatches has many drawbacks: 

· With short packets and bursty traffic patterns, OLLA convergence time may not be sufficient to compensate for the mismatched CQI report.

· OLLA limitations in pull-in range will limit the amount of mismatch in the CQI report and true CQI.

· System level simulations results below indicate the shortcomings of the OLLA and the importance of a good CQI report matched to UE demodulation, particularly with short packets and/or bursty traffic.
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Figure 1: System level throughput for NAICS Scenario 2 with different CQI reporting options

In Figure 1, up to 18% losses are seen in the system level throughput for tail UEs with 100KB files, and up to 7% losses for 2 MB file sizes with OLLA.
Observation 1: The premise of using OLLA to compensate for all CQI mismatches contradicts the purpose of defining CQI requirements in RAN4.
Observation 2: OLLA enhancements cannot compensate for UE rank reporting, if rank reporting were based on Pre-NAICS demodulation. In particular, short packets and bursty traffic do not afford the OLLA sufficiently long time to converge to the appropriate MCS. Large CQI mismatches impact performance in these scenarios as shown by system level simulation results.
Proposal 1: We propose not to mandate the UE to report MMSE-IRC CQI since it does not capture UE’s NAICS capability and consequently limits the overall NAICS gains. 

2.1.2 Pre-NAICS CQI without CRS-IC

· The UE reports MMSE-IRC CQI considering CRS-IC in addition to MMSE-IRC based demodulation. 
· As outlined in [1], the UE behavior in this option seems to be not clearly defined due to the discrepancy in noise estimation between colliding and non-colliding CRS interferer. 

Proposal 2: Propose to deprioritize Pre-NAICS CQI report with CRS-IC that does not consider UE NAICS capability.
2.1.3 Semi-Static Post-NAICS CQI

· A CQI report where the UE captures a NAICS gain over MMSE-IRC CQI that is a function of only the semi-static properties of the interference. As outlined earlier, more than one algorithm can used to derive CQI using the principle of semi-static Post-NAICS CQI. In particular, we presented the example of a CQI report where a conservative NAICS gain additional to MMSE-IRC CQI, i.e.

Semistatic_NAICS_CQI = MMSE_CQI + ΔNAICS,
Where, ΔNAICS is

· A function of semi-static interference (and serving cell) parameters such as I/N, C/N etc.

· Not a function of dynamic parameters such as modulation, rank loading etc. 

· Results were presented in [1] for Semistatic Post-NAICS CQI algorithm which showed gains at high I/N conditions, a scenario observed in typical deployments. 
Proposal 3: Considering the feasible UE complexity, robustness under bursty traffic and improvement over Pre-NAICS CQI, we propose to not preclude Semistatic post-NAICS CQI as a candidate for UE CQI reporting in RAN4.
2.1.4 Post-NAICS CQI with Interference Covariance Estimation
· Definition: CQI report is derived based on only statistical properties of interference PDSCH REs.

· Statistical properties include, in particular, the interference covariance based on PDSCH REs that captures the rank and precoding matrix of the interferer.

· This is similar to Rel-11 CQI reporting for non-colliding CRS interferers, where CRS of the serving cell captures the statistics of the interfering cell transmission. This approach can potentially be feasibly extended to Rel-12 NAICS with colliding CRS interferers based on PDSCH REs of the serving cell / interfering cells.

The received samples on tone ‘k’, where k is a PDSCH RE for a colliding CRS interferer or CRS RE for a non-colliding CRS interferer are given by 
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where, 
[image: image4.wmf]k

H

is the serving cell channel, 
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is the interfering cell channel and 
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are the transmitted signals from each cell. The precoding matrices of serving and interfering transmissions are given by P and Q. Based on the received samples 
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 the covariance of the received signal and the interference component in particular can be estimated. We consider the following special case scenarios

· Case 1: UE is scheduled with Serving PDSCH

· In this case, the UE is aware of the channel 
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and precoding matrix P. Hence is able to use the information to obtain the interference plus noise covariance estimate. 

· Case 2: UE is not scheduled with Serving PDSCH

· In this case, the symbols 
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are not intended for the UE in question and therefore the precoding matrix P may not be directly available for covariance estimation. In such scenarios, multiple options exist for the UE to report CQI with some of them being listed below. 

· Option 1: Fallback to Pre-NAICS CQI 
· Option 2: Fallback to Semistatic Post-NAICS CQI described in section 2.1.3

· Option 3: Perform blind covariance estimation of interference.
· The choice of the above options is up to UE implementation. In particular, Options 1 and 2 are the lowest complexity choices. However, the UE may invoke Option 3 as another possibility.
Proposal 4: Post-NAICS CQI reporting based on interference covariance estimation is a viable option for NAICS CQI reporting and captures the interference precoding, On/Off and rank. Note that the Rel-11 non-colliding CRS scenario uses the exact same principle where the CRS REs. We propose a simple extension to PDSCH REs for Rel-12 NAICS.

2.1.5 Post-NAICS CQI with Interference Parameter Blind Detection
· Definition: CQI report is derived based on blind detection of interference PDSCH dynamic parameters namely rank, modulation and precoding.

Proposal 5: Considering the UE complexity impact, we propose to not consider post-NAICS CQI report based on blind detection of interference parameters for RAN4 minimum CQI requirements.

2.2 Summary of CQI Reporting Options
	CQI Option
	Complexity
	Performance Impact
	Remarks

	Pre-NAICS CQI without CRS-IC
	Low
	Does not capture NAICS processing in CQI
	Demodulation is always mismatched to CQI – Test definition unclear

	Pre-NAICS CQI with CRS-IC
	Low
	Definition of noise estimation is ambiguous

	Post-NAICS CQI: (Semi-static)
	Low
	Strictly better CQI report than MMSE-IRC CQI
	Tests are feasible in suitable scenarios

	Post-NAICS CQI with Interference Covariance Estimation
	Low
Requires only interf. covariance
	Captures NAICS gains into CQI report
	Similar to non-colliding CRS scenario for MMSE-IRC CQI.

	Post-NAICS CQI with Interference Parameter Blind Detection 
	High
 Requires blind detection
	Captures NAICS gains into CQI report
	Already discussed in RAN4. Complexity is not feasible.


Currently, the discussion in RAN4 follows on the basis of RAN1’s CQI conclusion which is the following. 

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

· The UE would take into account any NAICS gains in 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 agreement do not preclude possibilities of RAN1 specification change

RAN1 has already concluded that there is no change to current CQI definition and pointed to the possibility of a specification change only if there is no feasibility of taking NAICS gains into UE CQI report. 

Proposal 6: Techniques such as Semistatic Post NAICS CQI and Post-NAICS CQI with Interference Covariance Estimation show that it is feasible to capture NAICS gains into CQI report with feasible complexity at the UE. Therefore, no LS needs to be sent back to RAN1 on NAICS CQI definition.
3 Link Level Evaluations for NAICS CQI Options
In this section, we present simulation results for Post-NAICS CQI with Interference Covariance Estimation and Pre-NAICS CQI. In particular, we consider the following receiver techniques, 

· MMSE-IRC receiver with MMSE-IRC CQI

· R-ML receiver with MMSE-IRC CQI
· R-ML receiver with Post-NAICS CQI with Interference Covariance Estimation
Simulation Parameters:
· TM4 serving and interfering cells

· Cell ID: Serving / Intf1 / Intf2: {0, 6, 1}

· EPA 5 Channel for Serving and Interfering cells

· I1/N = 13.91 dB, I2/N = 3.34 dB

· Rank (Serving / Intf1 / Intf2) = 1 / 1 / 1 
· MCS (Serving / Intf1 / Intf2) = Follow CQI / 5 / 5

· Interfering PMI: Wideband randomized varying from SF to SF

3.1 Throughput Results
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Figure 2: Throughput results with Post-NAICS and Pre-NAICS CQI
Observation 3: Post-NAICS CQI with interference covariance estimation shows a significant performance benefit over Pre-NAICS CQI report. In particular,  
· A NAICS receiver with MMSE-IRC CQI is limited to only BLER improvement since MCS is chosen by MMSE-IRC CQI.

· A gain of 4 dB is observed for the Post-NAICS CQI compared to MMSE-IRC CQI. This translates to a throughput gain of ~50 % at 10 dB SNR.

· In this particular implementation, a simple fallback mechanism is used at high SINR by the UE to report MMSE-IRC CQI. However, this can be optimized for further enhancements in performance. This explains the equivalence of the CQI and MCS at high SINR for IRC and Post-NAICS CQI.
3.2 CQI Results
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Figure 3: Mean and Standard Deviation of CQI with Post-NAICS and Pre-NAICS CQI
Observation 4: Post-NAICS CQI with interference covariance estimation shows a larger average value and a comparable / smaller variation than MMSE-IRC CQI for a given interference (height of the error bar). In other words, the advanced receiver performance improves the mean and in fact reduces the variance of the CQI.
3.3 MCS Results
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Figure 4: Mean and Standard Deviation of MCS with Post-NAICS and Pre-NAICS CQI
Proposal 7: Post-NAICS with Interference Covariance Estimation is a feasible CQI reporting algorithm that shows significant performance benefits over Pre-NAICS CQI. Therefore, we propose to define RAN4 CQI requirements to either (a) Be based on Post-NAICS with Interference Covariance Estimation or (b) allow CSI reporting techniques that factor in the NAICS gains such as Post-NAICS with Interference Covariance Estimation.
4 Conclusions
Observation 1: The premise of using OLLA to compensate for all CQI mismatches contradicts the purpose of defining CQI requirements in RAN4.
Observation 2: OLLA enhancements cannot compensate for UE rank reporting, if rank reporting were based on Pre-NAICS demodulation. In particular, short packets and bursty traffic do not afford the OLLA sufficiently long time to converge to the appropriate MCS. Large CQI mismatches impact performance in these scenarios as shown by system level simulation results.
Proposal 1: We propose not to mandate the UE to report MMSE-IRC CQI since it does not capture UE’s NAICS capability and consequently limits the overall NAICS gains. 

Proposal 2: Propose to deprioritize Pre-NAICS CQI report with CRS-IC that does not consider UE NAICS capability.
Proposal 3: Considering the feasible UE complexity, robustness under bursty traffic and improvement over Pre-NAICS CQI, we propose to not preclude Semistatic post-NAICS CQI as a candidate for UE CQI reporting in RAN4.
Proposal 4: Post-NAICS CQI reporting based on interference covariance estimation is a viable option for NAICS CQI reporting and captures the interference precoding, On/Off and rank. Note that the Rel-11 non-colliding CRS scenario uses the exact same principle where the CRS REs. We propose a simple extension to PDSCH REs for Rel-12 NAICS.

Proposal 5: Considering the UE complexity impact, we propose to not consider post-NAICS CQI report based on blind detection of interference parameters for RAN4 minimum CQI requirements.
Proposal 6: Techniques such as Semistatic Post NAICS CQI and Post-NAICS CQI with Interference Covariance Estimation show that it is feasible to capture NAICS gains into CQI report with feasible complexity at the UE. Therefore, no LS needs to be sent back to RAN1 on NAICS CQI definition.
Observation 3: Post-NAICS CQI with interference covariance estimation shows a significant performance benefit over Pre-NAICS CQI report. In particular, a gain of 4 dB is observed for the Post-NAICS CQI compared to MMSE-IRC CQI. This translates to a throughput gain of ~50 % at 10 dB SNR in RAN4 agreed scenarios.

Observation 4: Post-NAICS CQI with interference covariance estimation shows a larger mean and a comparable / smaller variation than MMSE-IRC CQI for given interference.

Proposal 7: Post-NAICS with Interference Covariance Estimation is a feasible CQI reporting algorithm that shows significant performance benefits over Pre-NAICS CQI. Therefore, we propose to define RAN4 CQI requirements to either (a) Be based on Post-NAICS with Interference Covariance Estimation or (b) allow CSI reporting techniques that factor in the NAICS gains such as Post-NAICS with Interference Covariance Estimation.
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