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Introduction 
In the RAN4#68 meeting, DL CoMP static and fading CQI tests were discussed and some agreements were made and captured in WF [1]:

Static CQI definition test

Test setup
1)  2 TPs are configured with no timing and frequency offset

2)  Test is performed under CoMP scenario 4

3)  TP and propagation channel configurations

· Target TP 1:

· Clause B.1 (4x2) with fixed PMI and rank 2 transmission

· Fixed PMI 8 (codebook subset restriction 0x0000 0000 0100 0000) 

· Interference TP 2: 

· Clause B.1 (2x2)  with fixed precoding [image: image1.emf] 
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 and rank 2 transmission

4) Power offset (TP1/TP2): 5:1:15 dB

5) TP1 SNR : 20 dB

Test metric

· FFS whether we can reuse test metric for Rel-10 TM9 CQI definition test

CQI fading test

Test setup
1)  2 TPs are configured with no timing and frequency offset

2)  Test is performed under CoMP scenario 3 with colliding CRS

3)  TP and propagation channel configurations: 

· Option 1:

· TP 1: EPA 5(4x2) high correlation with fixed PMI and rank 1 transmission 

· TP2: Clause B.2.4 (2x2) with fixed PMI and rank 1 transmission

· Option 2:

· TP1: EPA5 4x2 low correlation 

· CSI SF: fixed PMI 0 and rank 2 transmission

· PDSCH SF: fixed PMI 0 and rank 1 transmission

· TP2: [image: image2.png]


Clause B.2.4(2x2)

· Fixed [image: image3.emf] 
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 and rank 2 transmission as interference signal

4)  Power setting: 3dB, 5dB (TP1/TP2) 

5)  TP1 SNR : 10:1:15 dB

6)  CSI process configuration

· Codebook subset restriction for CSI process 0, 2: [0x0000 0000 0000 0001]
· Codebook subset restriction for CSI process 1, 3: [0x01] 
[image: image4.emf]CSI 
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Test metric

· Apply Rel-10 reporting accuracy metric (BLER and throughput) on CSI process 2 and distribution metric on all configured CSI processes

· FFS if delta CQI is defined between all the configured CSI processes

In this contribution, we provide our simulation results and views on remaining issues in CoMP static and fading CQI tests.
2
Simulation Setup and Results 
2.1.
CoMP static CQI test

The remaining issues on CoMP static CQI test are 
(1) to determine the power offset (5:1:15 dB) between TP1 and TP2 and 
(2) to see if the test metric for Rel-10 TM9 CQI definition test can be reused. 
There are two metrics defined in the Rel-10 TM9 CQI definition test
1.  Reporting spread: The wideband CQI1 shall be within the set {median CQI1-1, medium CQI1+1} for more than 90% of the time.
2.  BLER performance: For both codewords, the PDSCH BLERs using transport format indicated by the respective medium CQI0-1 and CQI1-1 shall be less than or equal to 0.1. For both codewords, the PDSCH BLERs using transport format indicated by the respective medium CQI0+1 and CQI1+1 should be greater than or equal to 0.1.
Table I provides the simulation results for CoMP static CQI test with TP1 SNR 20 dB according to the agreed WF [1].
As is observed from Table I, we find that if we arbitrarily pick any two adjacent TP2 SNRs as one single test, then all tests are passed under the requirements of Rel-10 CQI definition test. 

Observation 1: In CoMP static CQI test, the choice of SNR power difference within [10:1:15] dB does not make any striking impact on the test.

Proposal 1: In CoMP static CQI test, RAN4 can reuse the metrics of Rel-10 TM9 CQI definition test. 

TABLE I 
Simulation results for different power difference between TP1 and TP2 under Rel-10 test metrics

	SNR offset
	mCQI0
	Prob. in mCQI0±1
	mCQI1
	Prob. in mCQI1±1
	BLER0
	BLER1
	mCQI+1
	mCQI-1

	
	
	
	
	
	
	
	BLER0
	BLER1
	BLER0
	BLER1

	15
	12
	100%
	12
	100%
	0
	0
	0.35
	0.34
	0
	0

	14
	12
	100%
	12
	100%
	0
	0
	0.99
	0.99
	0
	0

	13
	11
	100%
	11
	100%
	0
	0
	0.03
	0.027
	0
	0

	12
	11
	100%
	11
	100%
	0
	0
	0.78
	0.79
	0
	0

	11
	11
	100%
	11
	100%
	0
	0
	0.88
	0.88
	0
	0

	10
	10
	100%
	10
	100%
	0
	0
	0.62
	0.63
	0
	0

	9
	9
	100%
	9
	100%
	0
	0
	0.26
	0.29
	0
	0

	8
	9
	100%
	9
	100%
	0
	0
	0.62
	0.62
	0
	0

	7
	9
	100%
	9
	100%
	0
	0
	0.93
	0.93
	0
	0

	6
	8
	100%
	8
	100%
	0
	0
	0.01
	0.01
	0
	0

	5
	8
	100%
	8
	100%
	0
	0
	0.99
	0.99
	0
	0


2.2.
CoMP fading CQI test

The remaining issues on CoMP fading CQI test are 
(1) to choose between propagation channel configuration Option1 and Option2 
(2) to determine TP1 SNR [10:1:15] dB,
(3) to determine the power offset (3 or 5 dB) between TP1 and TP2

(4) to see if delta CQI is defined between all the configured CSI processes. 
The distribution requirements for CSI-process 1, 2, 3 (PUSCH 3-1) is 

· Ratio-1 [2]: A subband (SB) differential CQI offset level 0 shall be reported at least α1% of the time but less than β% for each subband.
The distribution requirements for CSI-process 0 (PUCCH 1-1) is
· Ratio-2 [2]: A CQI index not in the set {mediun CQI-1, medium CQI+1} shall be reported at least α2% of the time.

The accuracy requirement for CSI process 2 (PUSCH 3-1)
· The ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS (varTput) and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S (mCQITput) shall be ≥ γ.
· When transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05
2.2.1 Propagation channel configuration
We first show the simulations results according to the agreed WF [1] in Table II for BLER and throughput requirement and in Table III for CQI distribution requirements under TP1 SNR 13dB and power difference 5.
TABLE II

BLER and Throughput requirements on CSI-process 2: 
Option-1 and Option-2 under TP1 SNR 13dB and power difference 5 dB

	
	mcqi
	BLER
	varTput
	mCQITput
	mCQIBLER
	γ

	Option-1
	9
	0.123152
	0.97705
	0.66042
	0.286873
	1.48

	Option-2
	7#
	0.259642*
	0.600124$
	0.387442
	0.309881
	1.55


TABLE III
CQI distribution requirement for all CSI-processes: 

Option-1 and Option-2 under TP1 SNR 13dB and power difference 5 dB

	
	
	Ratio-2
	Ratio-1

	
	CSI-process
	WB
	SB-0
	SB-1
	SB-2
	SB-3
	SB-4
	SB-5
	SB-6
	SB-7
	SB-8

	Option-1
	0
	0.326
	
	
	
	
	
	
	
	
	

	
	1
	
	0.121
	0.116
	0.113
	0.112
	0.110
	0.107
	0.113
	0.102
	0.134

	
	2
	
	0.206
	0.251
	0.286
	0.321
	0.297
	0.285
	0.267
	0.273
	0.182

	
	3
	
	0.153
	0.160
	0.177
	0.172
	0.184
	0.174
	0.169
	0.156
	0.114

	Option-2
	0
	0.243
	
	
	
	
	
	
	
	
	

	
	1
	
	0.197
	0.160
	0.162
	0.157
	0.161
	0.150
	0.164
	0.159
	0.210

	
	2
	
	0.217
	0.276
	0.294
	0.317
	0.296
	0.307
	0.274
	0.224
	0.121

	
	3
	
	0.163
	0.197
	0.201
	0.199
	0.221
	0.197
	0.167
	0.152
	0.118


According Table II, Option-2 will lead to smaller medium CQI# and higher BLER* on CSI-process 2, and thus lower throughput$. Except these, we do not find any critical differences between Option-1 and Option-2 in Tables II and III. We suggest RAN4 to take Option-1 in CoMP fading CQI test, because

1.  There is no any critical difference between Option-1 and Option-2, according to our simulations.
2.  Option-2 requires an additional effort on introducing a new propagation channel in 36.101

B.2.4 
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3.  Option-1 is much simpler than Option-2. In Option-2, TP1 has to switch between rank-1 and rank-2 when it serves as the target TP in PDSCH subframes or as the interference TP in CSI subframes. However, TP1 just remains rank-1 consistently in Option-1.
Observation 2: There is no any critical difference between Option-1 and Option-2.

Proposal 2: In CoMP fading CQI test, take Option-1 for the propagation channel configurations. 

2.2.2 TP1 SNR
As for determining TP1’s SNR level, we observe that a high SNR value will lead to a small Ratio-2 for CSI-process 0. We provide the corresponding values of Ratio-2 of CSI-process 0 for different TP1 SNRs in Table IV and the corresponding CQI distributions in Figure 1 under Option-1.
Table IV

Ratio-2 for CSI-process 0 under different TP1 SNR levels

	TP1 SNR
	mCQI
	Ratio-2

	15
	14
	0.165

	14
	14
	0.235

	13
	14
	0.326

	12
	13
	0.306

	11
	12
	0.395

	10
	12
	0.362
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Figure 1. Reported CQI distribution of CSI-process 0 under different TP1 SNR levels.

The reason is simply because that the CQI distribution moves rightward as SNR increases, but UE can only report a CQI not greater than 15. Thus, as SNR increases, there will be more channel realizations capable for transmitting MCS higher than that of CQI-15 but can only be reported with CQI-15. When CQI medium is 14, the calculation of Ratio-2 will exclude those reports with CQI-15 and leads to a small Ratio 2. 
Observation 3: In CoMP fading CQI test, setting TP1 SNR too high will lead to a small Ratio-2.

2.2.3 SNR offset and delta CQI
The choice of the SNR offset between 2 TPs mainly affects how the requirement of delta CQI is chosen. In Table V, we list the medium CQIs of all 4 CSI-processes for different TP1 SNR values and different SNR offsets between 2 TPs under Option-1.
If delta CQI will be defined between all configured CSI-processes, TP1 SNR 13 with SNR offset 3 would be the best choice because the differences of medium CQI between any 2 CSI-processes are larger than or equal to 3.

Proposal 3: In CoMP fading CQI test, if delta CQI is defined between all configured CSI-processes, set TP1 SNR 13 with SNR offset 3.
Table V

Medium CQIs of all 4 CSI-processes for different TP1 SNR values and SNR offsets between 2 TPs
	TP1 SNR
	15
	14
	13
	12
	11
	10

	SNR offset
	5
	3
	5
	3
	5
	3
	5
	3
	5
	3
	5
	3

	CSI-process 0
	14
	14
	14
	14
	14
	14
	13
	13
	12
	12
	12
	12

	CSI-process 1
	11
	12
	11
	11
	10
	11
	10
	11
	9
	10
	9
	10

	CSI-process 2
	9
	9
	9
	9
	9
	8
	8
	8
	8
	8
	8
	8

	CSI-process 3
	3
	3
	3
	3
	3
	3
	2
	3
	2
	3
	2
	3


3
Summary 
Our observations through the study are as follows. 
Observation 1: In CoMP static CQI test, the choice of SNR power difference within [10:1:15] dB does not make any striking impact on the test.

Observation 2: In CoMP fading CQI test, there is no any critical difference between Option-1 and Option-2.

Observation 3: In CoMP fading CQI test, setting TP1 SNR too high will lead to a small Ratio-2.

Thus we propose:
Proposal 1: In CoMP static CQI test, RAN4 can reuse the metrics of Rel-10 TM9 CQI definition test. 

Proposal 2: In CoMP fading CQI test, take Option-1 for the propagation channel configurations. 

Proposal 3: In CoMP fading CQI test, if delta CQI is defined between all configured CSI-processes, set TP1 SNR 13 with SNR offset 3.
5
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