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1 Introduction

In the last meeting RAN 4 has agreed the following way forward [1] in the context of CSI reporting. Additionally, the framework document was also agreed in [2].
· Multiple CSI processing capability is tested in fading CQI test

· Pending discussion on IMR averaging

· Proper IMR usage and IMR averaging is tested in static CQI test

· Configuring multiple CSI processes to verify 7-1 UE correct IMR implementation is not precluded

· Fading CQI test

· CoMP scenario 3 with colliding CRS

· FFS for timing and frequency offset in test setup

· Frequency selective fading [Clause B.2.4] channel for TP1 and wideband fading [EPA5] channel for TP2

· Baseline approach (pending the feasibility study of delta CQI metric)

· Apply Rel-10 reporting accuracy metric on one selected CSI process and distribution metric on all configured CSI processes

· Introduce delta CQI requirement to verify UE reporting accuracy for all configured CSI processes upon confirmed by simulation results

· Alternative option

· Apply Rel-10 reporting accuracy metric on at least 2 selected CSI process and distribution metric on other configured CSI processes

In this document we provide some initial simulation results for fading CQI test and we provide our view on the feasibility of Delta CQI metric.
2 CQI Testing in fading conditions
Under this fading test it is important to test the fact that the UE is using the IMR definition in order to compute the interference for all the possible processes which it is configured with and that for all the processes the CSI reporting is accurate.  Three aspects need to be tested:

· The reported CQI follows a certain statistic: this can be tested via the distribution metric for all the processes individually.

· The reported CQI is accurate (test BLER and gamma metric): this can be tested on a single process to avoid increasing test time

· The CQI computed on one process is not used to report CQI associated to other processes: this is tested via a delta CQI metric between the process selected for BLER and gamma metric testing and any other process. 

Fading test should be configurable for the case when the UE supports feature group 7-0 and the case when the UE supports feature group 7-1. Hence the following proposal:
Proposal 1. Configure the fading tests with a number of CSI-RS processes equal to the maximum supported by the UE and verify the capability of the UE to report correctly CSI according to the scheduled processes, and that the reports are all sufficiently accurate.
2.1 CQI fading test

Under this test it is proposed to verify the accuracy of the CQI reporting, in particular to verify that frequency selective and/or non selective scheduling provides gains.

2.1.1 Test for feature group 7-0.

The goal of this test is to verify that the wideband/sub-band CQI reporting provides gains for feature group 7-0.

The same set up as for legacy test can be considered here with a single TP with the following characteristics:

TP1

CSI-RS resource: Configuration 2, period 5ms, Offset 2ms

IMR:  Configuration 3, period 5ms, offset 2ms

Cell ID mod6 = 0, 

Channel profile EPA5.

TP 2 is transmits colliding CRSs with TP1. This creates a large amount of interference on CRSs.  TP2 does not interfere with TP1 on IMR or CSI-RS or PDSCH region. The same legacy test metrics can be reused here. Channel profile is EPA5.
Wideband reporting is considered here.
Under this set up TP2 has CRS SNR=10dB above noise floor.
The SNR of CRS from TP1 is varying according to the simulations (x-axis).

Figure 1 shows the BLER performance when CSI-RS and IMR are used for CSI computation compared to the case when CRSs are used. Figure 2 shows the performance in terms of throughput when following the CQI reported by the UE.
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Figure 1. BLER performance for 7-0
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Figure 2. Throughput with follow CQI.
2.1.2 Test for feature group 7-1
Under feature group 7-1 the UE reports the capability of supporting several CSI-RS processes, hence under this test the capability of the UE to report accurate CSI according to several CSI processes needs to be tested. The following table is included in the framework [2] for information. This table can be used as a basis for the test set up.
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2 TPs are defined.
TP 1 has the following characteristics:
NZP CSI-RS 1: Configuration 2, period 5ms, Offset 2ms

ZP CSI-RS IMR 1:  Configuration 3, period 5ms, offset 2ms

ZP CSI-RS IMR 2:  Configuration 5, period 5ms, offset 2ms

ZP CSI-RS 1: Configuration 4, period 5ms, offset 2ms 

TP1 is configured with a frequency selective fading channel [Clause B.2.4 in TS36.101].

TP2 has the following characteristics:
NZP CSI-RS 2: Configuration 4, period 5ms, Offset 2ms

ZP CSI-RS IMR 3:  Configuration 6, period 5ms, offset 2ms

ZP CSI-RS IMR 1:  Configuration 3, period 5ms, offset 2ms

ZP CSI-RS 2: Configuration 2, period 5ms, Offset 2ms

TP2 is configured with a wideband fading channel (e.g. EPA5). 

The following characteristics are considered in the test set up.

· Wideband CQI reporting 

· fix PMI=0

· 2TX and 2RX

· Overlapping CRS

· BW=10MHz
· Only Rank 1

The UE is configured with the 4 possible CSI processes as mentioned above.

The following power levels can be considered:

Noc = -98dbmW/15KHz

Ior1/Noc = SNR1 for TP1 SNR1=14dB
Ior2/Noc = SNR2 for TP2, and SNR2= SNR1-4dB (SIR=4dB). 
The average SNR associated to each process is defined in Table 2

Table 2. SNR for each process.
	CSI process
	Interference measured
	Average SNR value

	1
	Noc
	Ior1/Noc=SNR1=14dB

	2
	Noc+Ior2
	Ior1/(Noc+Ior2) = SNR1/(1+SNR2) = 3.5dB

	3
	Noc
	Ior2/Noc = SNR2=SNR1-4dB = 10dB

	4
	Noc+Ior1
	Ior2/(Noc+Ior2) = SNR2/(1+SNR1) = -4.1dB


SNR1 needs to be set such that the median CQI for each process differs by ( 2.
Table 3 provides the median CQI for the 4 processes. 
Table 3. Median CQI for each process.

	CSI process
	CQI median
	Gamma (TP follow/TP fix)


	BLER follow

	1
	12
	1.160
	0.559

	2
	8
	1.778
	0.036

	3
	10
	0.233
	0.971

	4
	3
	1.244
	0.267


In order to obtain Gamma the scheduled PDSCH is transmitted from the TP where the CSI-RS are transmitted from, i.e 
· Throughput for process 1  follows CSI-RS 1 and transmitted from TP1,

· Throughput for process 2 follows CSI-RS 1 and transmitted from TP1,  

· Throughput for process 3 follows CSI-RS 2 and transmitted from TP2,  

· Throughput for process 4 follows CSI-RS 2 and transmitted from TP2.  

Figure 3 shows the CQI statistics for the 4 processes, i.e. this figure shows the overlap between different processes with this set up.
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Figure 3: CQI statistic for the 4 processes.

The requirements in terms of CQI spread can be defined in a different way depending on the process, as example one could request that 95% of the CQI reports of process 1 shall be within +-1 from CQI median 95% to make the test more robust. The gamma and BLER for process 1 and 3 are not realistic since CSI are protected. The delta median CQI requirements could be defined depending on which process is considered, e.g. this is provided in Table 4. Gamma requirements depend on the process. For processes 2 and 4 gamma should be >1 and for process 3 it should be <1. It would be preferable to consider process 2 or 4 for gamma requirements. Delta CQI is defined as follows
Delta CQI =|Median CQIi-median CQIj|

Table 4. Delta Median CQI for each process.

	CSI process
	1
	2
	3
	4

	1
	NA
	(2
	(1
	(4

	2
	(2
	NA
	(1
	(2

	3
	(1
	(1
	NA
	(3

	4
	(4
	(2
	(3
	NA


3 Conclusions

In this paper we have provided proposals for CQI tests under fading conditions.
We have provided details for the definition of CQI tests for both 7-0 and 7-1 and we have provided initial simulation results.
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