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1. Introduction
In RAN4 #68bis, further down selection was made for test configuration to verify UE’s correct SNR estimation in TM9 demodulation test as captured in WF [1]. It was observed that large interference mismatch is needed to ensure performance separation between UEs using DM-RS SNR and UEs using CRS SNR. It was also pointed out that large interference mismatch is rather artificial set up that is unlikely to happen in real network. In this contribution, we provide analysis on various aspects of interference mismatch in TM9. Also, we provide simulation results with agreed test configuration. 
2. Interference mismatch in TM9
In TM9, UE is supposed to measure channel part from CSI-RS and noise+interference part from CRS for CSI feedback calculation. Since noise+interference part is measured from CRS, there is always a chance of interference mismatch between CSI feedback and PDSCH demodulation when there is dominant colliding CRS interference. Interference mismatch is most prominent when PDSCH is not transmitted in interfering cell, i.e., under light loading in interfering cell. Interference mismatch issue is applicable to CRS-based PDSCH transmission (TM1-TM6) as well as DM-RS-based PDSCH transmission (TM7-TM10). 
When there is strong colliding CRS interference as is the case under agreed TM9 demodulation test set up, UE will request low MCS via CSI feedback. PDSCH will be scheduled with low MCS irrespective of actual CINR observed on PDSCH. If PDSCH is not transmitted in the interfering cell, UE will observe higher CINR than is required and thus achieve very low BLER. This is the condition wherein OLLA (outer-loop link adaptation) algorithm kicks in in commercial network to boost MCS and narrow the CINR gap between CSI feedback and PDSCH demodulation. Figure 1 shows CDF of MCS after OLLA adjustment under interference mismatch scenario. Following are assumed in the simulation. 
· MCS without interference : 14
· MCS with interference : 6

· unlimited OLLA adjustment range
· target BLER for OLLA adjustment : 10%
· random PDSCH on/off in interfering cell according to loading
It can be observed that
· Unless interference loading is lower than 10%, MCS can never reach interference-free MCS of 14 even with OLLA adjustment.
· When interference loading is lower than 10%, MCS 14 can be observed after OLLA adjustment. Probability of MCS 14 becomes higher as interference loading reduces. 
Observation 1. MCS can be boosted by OLLA under interference mismatch scenario only when interference cell loading is extremely low. 

[image: image1.emf]6 7 8 9 10 11 12 13 14

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

MCS

CDF

MCS after OLLA adjustment

 

 

intf loading = 10%

intf loading = 9%

intf loading = 8%

intf loading = 7%

intf loading = 6%

intf loading = 5%


Figure 1. CDF of MCS after OLLA adjustment under interference mismatch
In our previous simulation, we assumed UE uses CRS CINR instead of DM-RS CINR for channel estimation filter selection to see the performance degradation with wrong UE implementation. However, UE can select right filter even without DM-RS CINR estimation by determining filter bandwidth according to MCS on scheduled PDSCH. With this method, UE will be able to select filter tuned to CINR observed on PDSCH instead of CRS that could be largely off to true CINR due to interference mismatch. Considering that CINR mismatch has relatively small impact on PDSCH demodulation performance, this simple strategy will allow UE to avoid most of performance degradation from CINR estimation error. 
Observation 2. UE can select right filter bandwidth even without DM-RS CINR estimation. 
3. Simulation results

Table 1 and 2 list agreed 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 ETU5 channels are considered for propagation channel 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
	ETU5
	2x2 Low
	70
	TBD
	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

	CINR mismatch (C)
	dB
	12

	DMRS vs CRS power offset (X)
	dB
	4

	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.


Figure 2 shows 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 and bad UE implementation using CRS CINR. In the simulation, DMRS and PDSCH REs are boosted relative to CRS REs by 4dB. At 70% peak throughput, 1.3dB performance degradation is observed when UE uses CRS CINR for channel estimation. We would like to point out that performance degradation is also dependent on specific channel estimation algorithm implemented on UE. For example, in [2], we are observing 5dB performance degradation under same test condition while performance degradation is less than 2dB in our simulation. 
Observation 3. Performance degradation with wrong CINR estimation is largely dependent on UE-specific channel estimation algorithm. 
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Figure 2. TM9 PDSCH demodulation performance in with CINR mismatch
4. Conclusions

In this contribution, we analyzed the issue of interference mismatch for colliding CRS interference with following observations. 
Observation 1. MCS can be boosted by OLLA under interference mismatch scenario only when interference cell loading is extremely low. 
Observation 2. UE can select right filter bandwidth even without DM-RS CINR estimation. 

Observation 3. Performance degradation with wrong CINR estimation is largely dependent on UE-specific channel estimation algorithm. 

Based on above observation, we would like to propose following. 

Proposal 1. Reconsider modifying TM9 demodulation test to verify CINR estimation. 
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