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1. Introduction
 In RAN4 #68, several companies brought in initial analyses and simulation results to investigate the feasibility of CINR mismatch in TM9 PDSCH demodulation test. RAN4 had further discussion and agreed on WF in [1].

· The SNR imbalance between DM-RS and CRS can be achieved in two ways:
· Power imbalance
· Noise + Interference imbalance
· Consider the tests in Section 8.3.1.2 for FDD and Section 8.3.2.3 for TDD.
· Interested companies can provide simulation results to compare correct and wrong SNR estimation with the following setting in the next meeting:
· Power imbalance between DM-RSs and CRS = xdB 
· Interference+Noise level imbalance between  DM-RSs  and CRS = ydB 
· Target SNR imbalance CdB = (x-y)dB
· x={0, 4, 6} and y = x – {10dB,  12dB}.
· Note that in this meeting several companies indicated that CdB=12dB is feasible.
· Simulations can be provided with EPA5 and ETU5. Final decision on channel propagation model to use in the next meeting 
· Priority on EPA5 if test point set up is feasible.
· TBD how to capture different noise+interference imbalance in the legacy tests.
· One possibility is to introduce a NC with colliding CRS with 
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· Other methodology to capture this are welcome  
· It has been decided to apply this modification starting from rel-11.
Following 3 parameters are TBD 

· CINR mismatch between CRS and DM-RS (CdB)
· Power offset between CRS and DM-RS (X)
· Propagation channel model

In this contribution, we provide further simulation results to determine these parameters. 
2. Simulation results
Table 1 and 2 list the simulation parameters for TM9 dual-layer spatial multiplexing test defined in 8.3.1.2 of 36.101. Modified test parameters are marked in red. Note that EPA5 and ETU5 channels are considered for propagation chanel model and DRMS to CRS power offset is newly introduced. Note also that colliding CRS interfering cell is added with blank PDSCH to generate interference mismatch between CRS and DM-RS on serving cell. 
Table 1: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations

	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R.51 FDD
	OP.1 FDD
	EPA5 or ETU5
	2x2 Low
	70
	13.3
	2-8


Table 2: Test Parameters for Testing CDM-multiplexed DM RS (dual layer) with multiple CSI-RS configurations

	parameter
	Unit
	Test 1

	
	
	Serving cell
	Interfering cell

	Downlink power allocation
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	dB
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3

	Cell ID
	
	0
	6

	Cell-specific reference signals
	
	Antenna ports 0 and 1
	Antenna ports 0 and 1

	CSI reference signals
	
	Antenna ports 15,16
	N/A

	Beamforming model
	
	Annex B.4.2
	N/A

	CSI-RS periodicity and subframe offset          TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	N/A

	CSI reference signal configuration
	
	8
	N/A

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0010000000000000
	N/A
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at antenna port
	dBm/15kHz
	-98

	Symbols for unused PRBs
	
	OCNG (Note 2)
	empty

	Number of allocated resource blocks (Note 2)
	PRB
	50
	0

	Simultaneous transmission
	
	No

	PDSCH transmission mode
	
	9

	DMRS vs CRS power offset
	dB
	0, 4, 6

	Note 1:
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Note 2:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


CINR of interfering cell can be determined from X and CdB  as below. Let 
[image: image6.wmf]1

CRS

P

 and 
[image: image7.wmf]2

CRS

P

 denote CRS tone power of serving cell and interfering cell measured on UE Rx antenna and 
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represents AWGN. Then, CINRs on serving cell DM-RS and CRS tones are 


[image: image9.wmf]1

CRS

DMRS

oc

XP

CINR

N

´

=

 and 


[image: image10.wmf]1

1

2

CRS

CRS

ocCRS

P

CINR

NP

=

+

 

where 
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is power offset between CRS and DM-RS. Then, CINR mismatch between DM-RS and CRS is given as
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From this equation, we can derive CINR for interfering cell CRS as
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Table 3 shows interfering cell CINR for X and CdB  under consideration. 

Table 3. Interfering cell CINR (dB)
	X (dB)
	0
	4
	6

	CdB =10 dB
	9.542425
	4.743724
	1.795192

	CdB =12 dB
	11.71695
	7.250596
	4.743724


Figure 1 and 2 show TM9 dual-layer PDSCH demodulation performances in the presence of colliding CRS interference and power offset between DMRS and CRS. Performance is compared for correct UE implementation using DM-RS CINR for channel estimation and bad UE implementation using CRS CINR for channel estimation. In the simulation, X dB power offset means DMRS and PDSCH REs are boosted relative to CRS REs by X dB. SNR estimate either on DMRS SNR or CRS SNR is used to determine DMRS channel estimation filter in combination with delay spread and Doppler spread estimate. 
First, we can observe that performance gap between good and bad UE implementation is larger when CINR mismatch is mainly from interference mismatch (DM-RS boosting=0dB) than from both interference and power mismatch (DM-RS boosting=4dB or 6dB). This is caused by the fact that DM-RS power boosting relative to CRS is constant value independent of channel fading while interference mismatch is average value that can fluctuate as serving cell and interfering cell go through independent fading. With interference mismatch, instantaneous CINR mismatch could be much higher than average CINR mismatch. We can also see that there is larger performance gap in ETU5 channel than EPA5 channel. This happens since DM-RS channel estimation is more sensitive to CINR estimation error in propagation channel with large delay spread. 
Observation 1. Performance degradation with improper CINR estimation is larger when CINR mismatch is mainly caused by interference mismatch.
Observation 2. Performance degradation with improper CINR estimation is larger in ETU channel than EPA channel.
We also need to consider implication of CINR mismatch on UE operation in real network. If CINR mismatch is caused by DM-RS power boosting, either by PDSCH power boosting at eNB or beamforming gain, it can be captured by UE’s CSI feedback. However, if CINR mismatch is caused by interference mismatch, MCS reported by UE’s CSI feedback would be lower than decodable MCS for PDSCH. It is questionable whether UE can get scheduled with high MCS PDSCH when CQI request in CSI feedback is low. Gap between CSI MCS and PDSCH MCS can be narrowed by OLLA (outer loop link adaptation) function at eNB but we cannot assume that OLLA can handle large CQI mismatch. 
Observation 3. Interference mismatch causes gap between CSI report and decodable PDSCH MCS. 
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(a) Power offset = 0dB                                                                  (b) Power offset = 4dB
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(c) Power offset = 6dB

Figure 1. TM9 PDSCH demodulation performance in with CINR mismatch in EPA5 channel
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(b) Power offset = 0dB                                                                  (b) Power offset = 4dB
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(c) Power offset = 6dB

Figure 2. TM9 PDSCH demodulation performance in with CINR mismatch in ETU5 channel

Based on the observation, we propose following 

Proposal 1. Use following parameters for CINR estimation verification in TM9 demodulation test 

· CINR mismatch between CRS and DM-RS (CdB) : 12dB

· Power offset between CRS and DM-RS (X) : 6dB

· Propagation channel model : ETU5L

3. Conclusions

In this contribution, we provided further simulation result for TM9 PDSCH demodulation test in the presence of CINR mismatch between DMRS and CRS. In consideration of performance discrimination between good and bad UE implementation and constraint on TM9 network deployment, we propose following. 
Proposal 1. Use following parameters for CINR estimation verification in TM9 demodulation test 

· CINR mismatch between CRS and DM-RS (CdB) : 12dB

· Power offset between CRS and DM-RS (X) : 6dB

· Propagation channel model : ETU5L

We recommend considering our proposal in the discussion for SNR estimation in TM9 demodulation test. 
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