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1 Introduction

In previous RAN4 meeting, the issues of UE behaviour when TM10 is indicated as candidate transmission mode was raised in [1][2][3]. During online discussion in RAN4 #73 meeting, while no conclusion was reached besides the following agreement captured in chairman notes:

Agreement on UE behaviour: When TM10 is included in assistance signalling, UE performance should be at least as good as IRC
In this contribution, we would like further discuss the UE behaviour when TM10 interference is indicated. And link level simulation results are provided to support our analysis and proposal.

2 Discussion
What’s the RAN1 agreement on TM10 interference?

The following conclusion was achieved in RAN1 #78bis meeting, and following description was captured in RAN1 chairman notes, which is:
· No support of TM10 related assistance signalling for TM10 transmissions using the up to 8 layer transmission schemes and RAN1 assumes that there is no cancellation of TM10 using the up to 8 layer transmission schemes PDSCH interference from neighboring cells in Rel-12 NAICS
In my opinion, the above agreement implied that:
· NAICS UE is not required to cancel the TM10 interference when using up to 8 layer transmission

· NAICS UE may be required to cancel the TM10 interference when using fallback SFBC transmission.

Observation 1:

Based on RAN1 agreement, NAICS UE is not required to cancel TM10 interference using up to 8 layer transmission, but may be required to cancel TM10 interference using fallback SFBC transmission.
What’s the issue?

Both contribution [2] and [3] had discussed the issue of UE when handle the TM10 interference, which are:

· In case, NAICS UE attempts to detect the TM10 interference without the knowledge of the respective parameters including the scrambling sequence and QCL assumptions. The UE may treat this interference as CRS-based PDSCH and get some unexpected performance degradation with wrong blind detection.
· So, when the TM10 interference is indicated as candidate transmission mode and a TM10 interference really exists, then the NAICS UE would not be able to guarantee the no performance loss of NAICS receiver over MMSE-IRC any more, if the NAICS receiver is still required to be processed.
To verify the performance impacts, we capture link level simulation to evaluate the performance degradation due to TM10 interference, showing in Figure 1. The detailed simulation assumptions and analysis are provided in Appendix 5.
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Figure 1 Legacy and NAICS receiver with TM4/4/4 and TM4/10/4, CRS-colliding, median interference level
Based on the results, it could be observed that

· Regarding test case of CRS-colliding and median interference level, compared to the performance with TM4 interference, significant performance loss (about 2dB) would be brought if the interference signal is TM10 and UE treat it as TM4.
Observation 2:

NAICS UE would get performance degradation when handle the TM10 interference with NAICS receiver.
What’s the possible UE behaviour regarding TM10 indication?

Regarding the RAN1 agreement and the TM10 issues for NAICS UE, if the TM10 is indicated as candidate transmission mode of interference signal, there are several UE behaviors which might be used (others are not precluded):
Table 1 UE behavior when TM10 is indicated as candidate transmission mode of interference 
	UE Behavior
	Procedure when TM10 is indicated as candidate transmission mode of interference signal
	When fallback to MMSE-IRC due to TM10 interference

	Behavior 1
	UE would perform blind detection assuming the existence of indicated TM1~TM9 and SFBC-TM10.
	No fallback

	Behavior 2
	UE would directly fallback to MMSE-IRC receiver without blind detection anyway
	Fallback directly

	Behavior 3
	UE would detect the existence of TM10 interference (such as blind detection for virtual cell ID and QCL information based on DMRS), if it’s a real TM10 interference, fallback to MMSE-IRC, if not, performing NAICS receiver
	Fallback only if it's a real TM10 interference 


Regarding the above UE behaviors, we think that 
· Behavior 1 is such a behavior which can still obtain the NAICS gain on condition of other interference but would lead performance degradation if the TM10 interference really appears, which is colliding with the agreement achieved in the last meeting: “When TM10 is included in assistance signalling, UE performance should be at least as good as IRC”.
· Behavior 2 could guarantee no performance loss with TM10 interference, but meanwhile give up the entire NAICS gain. In another words, Behavior 2 might make the NAICS features totally useless in a real CoMP network. 
· Behavior 3 is the perfect solution to handle TM10 interference, but the complexity would be too high to be accepted for the majority of chipset venders. 

In our opinion, both Behavior 1 and 2 would be potential solution adopted by chipset venders. From eNB point of view, it’s better to clearly clarify the UE behavior, and then the network could be aware how to configure the NAICS feature in a real CoMP network, such as whether to configure NAICS feature in CoMP network.
So based on our analysis, with respect to the cases that the TM10 is indicated as a candidate transmission mode of interference, we suggest that RAN4 clearly define the UE behavior, and then decided whether to introduce a test requirement or not.
Proposal 1:

RAN4 should clearly clarify the UE behaviour when the TM10 is indicated as a candidate transmission mode of interference, and then decided whether to introduce test requirements to verify the correct NAICS UE behaviour, for the purpose of:

· Guarantee not performance loss compared with Legacy receiver
· NAICS UE still could cancel a TM10 interference using fallback SFBC transmission.
3 Conclusion
In this contribution, we discuss how to define the NAICS demodulation requirements based on the progresses achieved in the last RAN4 meeting. Based on our analysis and observation, here are the summary of our proposals:

Observation 1:

NAICS UE is not required to cancel TM10 interference using up to 8 layer transmission, but may be required to cancel TM10 interference using fallback SFBC transmission.
Observation 2:

NAICS UE would get performance degradation when handle the TM10 interference with NAICS receiver.
Proposal 1:

RAN4 should clear clarify the UE behaviour when the TM10 is indicated as a candidate transmission mode of interference, and then decided whether to introduce test requirements to verify the correct NAICS UE behaviour, for the purpose of:

· Guarantee not performance loss compared with Legacy receiver
· NAICS UE still could cancel a TM10 interference using fallback SFBC transmission.
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5 Appendix

In this section, we would like to provide the link level simulation results to show the possible performance degradation with presence of TM10 interference.

The simulation assumptions are provided in Table 1. 

Table 1 Simulation assumptions NAICS demodulation performance 
	Parameters
	Values

	
	Serving cell
	1st Interference cell
	2nd Interference cell

	
	
	Case 1
	Case 2
	

	Antenna configuration
	
	2x2 Low, EPA5 

	Transmission mode
	TM4, rank1
	TM4, rank1
	TM10, rank1
	TM4, rank1

	MCS
	QPSK 1/2
	QPSK 1/2
	QPSK 1/2
	QPSK 1/2

	Time offset 
	-
	0us 
	2us 
	0us

	Frequency offset
	-
	0
	0
	0

	Cell ID
	0
	6
	6
	12

	Virtual Cell ID
	-
	-
	100
	-

	Interference level
	-
	INR_1 = 7.77dB
	INR_1 = 7.77dB
	INR_2 = 2.29dB

	Beam forming
	based on PUCCH 1-1 feedback, PMI selected from R.8 2TX codebook
	random PMI selected from R.8 2TX codebook
	random precoding matrix selected as 

[image: image2.wmf]ú

û

ù

ê

ë

é

-

pa

2

1

2

2

j

e

, in which 
[image: image3.wmf]a

is randomly and equally selected be within 
[image: image4.wmf][

)

1

0


	random PMI selected from candidate R.8 2TX codebook


The NAICS assistance parameters in our simulation are:
· Serving cell PA: Use -3dB 

· CellID: CRS-colliding (0,6,12)
· PA: Signal the set {-6,-3,0}dB with -3dB being transmitted from interference cells 

· PB: Set to 1 in all cells 

· TM set: {TM2, TM4, TM9, TM10}
· MBSFN configuration: not used 

· Resource allocation: Set to 1 PRB pair 
The NAICS UE behaviour for TM10 interference:
· UE keeps time and frequency offset with the CRS of interference cell

· UE will not try to blind detect the virtual cell ID to determine the existence of TM10 interference
· UE UE would perform blind detection assuming the existence of indicated TM1~TM9 and SFBC-TM10.
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Figure 2 Legacy and NAICS receiver with TM4/4/4 and TM4/10/4, CRS-colliding, median interference level
The simulation results are shown in Figure 2, and based on our observations and analysis, the performance loss with TM10 interference compared with TM4 interference mainly comes from the following two aspects:

· The UE achieve a wrong time synchronization of first interference cell, so that the following channel estimation and blind detection are affected.
· UE achieve a wrong PMI estimation for the first interference cell.
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