Page 1

3GPP TSG-RAN WG4 #75
R4-153517
May 25th – May 29th, 2015, Fukuoka, Japan
Agenda item:
6.6.2
Source: 
Qualcomm Incorporated

Title: 
CSI Test Case Discussion for NAICS
Document for:
Discussion

1 Introduction
In the accompanying paper, we provided analysis of Pre- and Post-NAICS CQI reporting algorithms. In our understanding the goal of RAN4 CQI discussions is not to standardize a particular UE algorithm, but to determine the nature of CQI tests which will ensure a certain minimum performance from the UE on CQI reporting. 

By definition, Pre-NAICS CQI is not matched to NAICS demodulation. This was substantiated by our analysis in [1] which shows the advantage of using Post-NAICS CQI with NAICS demodulation with a simple, feasible yet effective algorithm. The basis of the proposed algorithm is the Rel-11 non-colliding CRS scenario where the interference PDSCH covariance is captured by the CQI report. In this case, we propose to use the PDSCH REs of the interference to explicitly capture the covariance and enhance the CQI accordingly.

In RAN4 #74bis, a WF was proposed to define CSI tests in RAN4 for NAICS considering the performance robustness as well as the UE complexity for NAICS CQI reporting. In this paper, we present our views on this issue as well as results for the proposed NAICS CQI tests.
2 NAICS CQI Test Objectives
As evidenced by the NAICS demodulation tests, there are some scenarios where NAICS UE is expected show demodulation gains over the baseline Rel-11 MMSE-IRC receiver, and other scenarios where robustness to ensure no loss compared to Rel-11 MMSE-IRC receiver is the criterion. This concept is extend to the CQI tests in the following proposal where the following two criteria are proposed:
(1) CQI tested by RAN4 should preserve NAICS demodulation gains over MMSE-IRC based demodulation. 
a. At high INR, NAICS demodulation provides a significant gain compared to MMSE-IRC based demodulation. With an improper CQI, this gain could be eroded, whether it is due to under-reporting or over-reporting. One objective of the proposed test is to ensure that this does not occur by testing against a minimum requirement.

(2) The performance of NAICS demod with the tested CQI is at least as good as MMSE-IRC based CQI reporting
a. One key requirement on the UE in the scope of Rel-12 NAICS is that the performance of the UE should not be worse than Rel-11 MMSE-IRC across a wide variety of scenarios. We propose that this principle be applied to CQI reporting as well. In particular, this aspect is proposed to be tested at low INR where the NAICS UE is expected to perform no worse than MMSE-IRC receiver with CQI reporting.
3 Minimum Performance Requirements
To define the minimum performance requirements, the UE side question to address is whether the requirements should be based on Pre-NAICS or Post-NAICS CQI. In our view, the following algorithms are feasible candidates to base the minimum requirements on considering complexity and performance:
Proposal 1: Propose to define minimum requirements on UE CQI reporting based on any of the following three reporting methods. To mandate a UE CQI algorithm, for example, Pre-NAICS CQI in 3GPP based on some scenarios is not desirable. 

· Minimum requirement based on Pre-NAICS (MMSE-IRC) CQI

· UE is not precluded from factoring in NAICS gains and performing Post-NAICS CQI if it so chooses.

· Minimum requirement based on Semistatic Post-NAICS CQI

· Minimum requirement based on Post-NAICS CQI with Interference Covariance Estimation
Proposal 2: UE should not be precluded from factoring NAICS gains into CQI report. However, it is reasonable to set the minimum requirements based on Pre-NAICS (MMSE-IRC) CQI if RAN4 finds consensus on the feasibility on this algorithm.
4 CQI Test Framework 
The concept of CQI robustness outlined in section 2 is proposed to be tested by reusing the existing CQI testing framework of throughput ratios (γ) as used in Rel-11.  Further details on the model used for testing are provided below. Two scenarios are considered corresponding to 
(1) Preservation of NAICS demodulation gains by Reported CQI (High INR)

(2) CQI + Demodulation robustness compared to MMSE-IRC performance  (Low INR)

The proposed test framework consists of (a) structured interference, which a NAICS UE is supposed to be able to cancel and (b) Gaussian unstructured interference, which the NAICS UE is not expected to cancel.

4.1 Structured Interference Model

The interference model used is proposed to be the randomized model in frequency domain specified in [1] that is used for demodulation test cases. 
Table 1: Resource allocation for interference model for NAICS with 10MHz bandwidth

	Resource allocation configurations Indexes
	User Index
	Resource allocation for random interference model
	Probability

	
	
	Resource allocation type
	Bitmap for resource allocation (Note 1)
	

	
	
	
	1st field bitmap
	2nd field bitmap
	3rd field bitmap
	

	Configuration 1
	User 0
	1
	00
	0
	10101000101010
	50%

	
	User 1
	1
	00
	0
	01010101010101
	

	
	User 2
	0
	01001001001001001
	

	
	User 3
	0
	00100100100100100
	

	Configuration 2
	User 0
	1
	00
	0
	10101010101010
	50%



	
	User 1
	1
	00
	1
	01010100010101
	

	
	User 2
	0
	01001001001001001
	

	
	User 3
	0
	00100100100100100
	

	Note 1: The 1st, 2nd, and 3rd field bitmaps are only valid for resource allocation type 1 which was defined in 36.213.

Note 2: The resource allocation model is used for both 1st and 2nd interfering cells and the resource allocation is independent for each interfering cell.


Furthermore the MCS, PMI, RI for random interference model are listed in Table 2.

Table 2 MCS, PMI, RI configuration for interference model for NAICS

	CQI Test Cases
	MCS probability
	PMI
	RI probability

	
	MCS=5
	MCS=14
	MCS=25
	
	RI=1
	RI=2

	Interference Model
	50%
	25%
	25%
	NA
	80%
	20%


With the randomized model in frequency domain, there are two options for time domain variation. 

· Option 1: Choose a fixed time slice of interference model according to randomization in Table 1 and Table 2, and retain constant over time. In this case, the time variation is captured by the channel variations only. 

· The motivation of this proposal is to use the same interference on the scheduled and reference subframe so that CQI mismatch does not occur as part of the test. This is consistent with the principle used in Rel-11 CQI tests in RAN4.
· Option 2: Randomly vary the interference according to the model from subframe to subframe. In this case, the time variation is captured by the channel variations as well as interference variation. 

· The motivation of this proposal is to capture practical variations in the interference from subframe to subframe and test the UE CQI robustness to such variations.
Proposal 3: Considering the relative merits of each option, we propose to use Option 1 (fixed interference in time) for high INR scenario and Option 2 (randomly varying from SF to SF) for the low INR scenario. 

4.2 Test Framework
The proposed test uses the following steps. 

Test 1: 

Step 1: Use a structured interference with High INR which is given by INR1 = 13.91 dB, INR2 = 3.34 dB

· With follow CQI, this yields a throughput of T1

Step 2: Use unstructured Gaussian interference of the same INR
· With follow CQI, this yields a throughput of T2

Step 3: Check γ = T1/T2 versus minimum requirements

· γ = [X], with X > 1, ensures that CQI reporting preserves NAICS demodulation gain

· Minimum requirement may be set based on assumption of MMSE-IRC CQI (or) Post NAICS CQI algorithms outlined in Proposal 1.
Test 2:
Step 1: Use a structured interference with High INR which is given by INR1 = 3.84 dB, INR2 = 0.74 dB

· With follow CQI, this yields a throughput of T1

Step 2: Use unstructured Gaussian interference of the same INR
· With follow CQI, this yields a throughput of T2

Step 3: Check γ = T1/T2 versus minimum requirements

· γ = [1] ensures NAICS robustness compared to MMSE-IRC demodulation
· Minimum requirement set based on assumption of MMSE-IRC CQI report
5 Link Level Results for Proposed CQI Test Framework 

Simulation Results TBA: High INR
Simulation Results TBA: Low INR
6 Conclusions
Proposal 1: Propose to define minimum requirements on UE CQI reporting based on any of the following three reporting methods. To mandate a UE CQI algorithm, for example, Pre-NAICS CQI in 3GPP based on some scenarios is not desirable. 

· Minimum requirement based on Pre-NAICS (MMSE-IRC) CQI

· UE is not precluded from factoring in NAICS gains and performing Post-NAICS CQI if it so chooses.

· Minimum requirement based on Semistatic Post-NAICS CQI

· Minimum requirement based on Post-NAICS CQI with Interference Covariance Estimation
Proposal 2: UE should not be precluded from factoring NAICS gains into CQI report. However, it is reasonable to set the minimum requirements based on Pre-NAICS (MMSE-IRC) CQI if RAN4 finds consensus on the feasibility on this algorithm.

Proposal 3: Considering the relative merits of each option, we propose to use Option 1 (fixed interference in time) for high INR scenario and Option 2 (randomly varying from SF to SF) for the low INR scenario. 
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