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1 Introduction
At the RAN4#64 meeting, system level studies on asynchronous network operation [1]-[5] were discussed, and as a result,  the link level simulation assumption under asynchronous network timing [6] was agreed to evaluate the link-level performance gains of the advanced receiver.  
In this contribution, we provide link-level simulation results in asynchronous network and compare throughput gains of the MMSE-IRC receiver over Rel-8 baseline receivers (MRC or MMSE) for different transmission modes and various timing offset scenarios.   
2 Simulation Results
Simulation results presented in this section are obtained by assuming an ideal UE receiver. That is, 6% Tx EVM and realistic channel and interference estimation are assumed, but no receiver impairments are included. The MMSE-IRC receiver, which performs 3PRB-based interference and noise estimation exploiting CRS, was used for throughput performance evaluation. Table 1 shows various scenarios for different timing offsets among serving and interfering cells, and other simulation assumptions can be found in [6]. 
Table 1 Timing offset for interfering cells [6]
	Scenario
	Throughput weighting parameter
	Time offset wrt. serving cell timing (Note 1)

	
	
	1st interfering cell (DIP1)
	2nd interfering cell (DIP2)

	A
	[20%]
	0
	0

	B
	[10%]
	0
	a

	C
	[15%]
	a
	0

	D
	[15%]
	a
	a

	E
	[40%]
	b
	c


Note 1: Proposal for a, b and c values: a=[0.5ms+0.5 OFDM symbol], b=[0.33 ms], c=[0.67 ms].
Figure 1 present relative throughput performances of MRC and MMSE-IRC receivers in Scenario A-E for case 1, where a serving cell uses transmission mode 2 (TM2) and two interfering cells employ transmission mode 3 (TM3) in EVA70 and 2x2 low correlation MIMO channel. It is observed in Figure 1 that the throughput performances only depend on receiver types, and performances under a given receiver are similar for all different timing offset scenarios. That is, throughput gains of the MMSE-IRC receiver over the MRC receiver are similar for Scenario A-E, as shown in Table 2. Note that the interfering cells transmit signals via using transmit diversity for 80% of simulation time. Thus, timing offsets of the interfering cells make little impact on the interference characteristics and accordingly, they make negligible impact on the performance of the MMSE-IRC receiver.
Observation 1: Timing offsets of interfering cells make little impact on throughput gains of the MMSE-IRC receiver over the MRC receiver for case 1, where a serving cell uses TM2 and interfering cells use TM3.
Figure 2 show relative throughput performances of MMSE and MMSE-IRC receivers in Scenario A-E for case 2, where the serving cell uses transmission mode 6 (TM6) and two interfering cells employ transmission mode 4 (TM4) in EVA5 and 2x2 low correlation MIMO channel. The MMSE receiver estimates the noise and interference power using CRS in 50PRB (the entire channel bandwidth). Compared to case 1 where interfering cells employ transmit diversity for most of the time, the interference characteristics of spatial multiplexing in case 2 are affected by timing offsets of interfering cells significantly. Thus, smaller gains of the MMSE-IRC receiver over the MMSE receiver are observed for most of asynchronous scenarios (B-E) and aggregated weighted throughput than for the synchronous scenario (A), as shown in Table 3. 
Observation 2: Throughput gains of the MMSE-IRC receiver over the MMSE receiver decrease in asynchronous network operation for case 2, where a serving cell uses TM6 and interfering cells use TM4. 
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Figure 1 Relative throughput performance comparison in Case 1, TM2+TM3, 2x2 low, EVA70
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	(a) Scenario A
	(b) Scenario B
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	(c) Scenario C
	(d) Scenario D
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	(e) Scenario E


Figure 2 Relative throughput performance comparison in Case 2 (TM6 +TM4, 2x2 low, EVA5)
Table 2 Throughput gain of the MMSE-IRC receiver over the Rel-8 baseline (MRC) receiver in TM2

	 
	Throughput gain (%) 

	Geometry (dB)
	Scenario A
	Scenario B
	Scenario C
	Scenario D
	Scenario E
	Aggregated weighted throughput

	-8.0
	85.6
	85.3
	79.2
	83.2
	78.7
	81.4

	-7.0
	27.2
	28.5
	26.3
	24.6
	26.0
	26.3

	-6.0
	15.2
	15.4
	15.0
	14.8
	14.9
	15.0

	-5.0
	13.1
	13.2
	12.1
	12.0
	12.6
	12.6

	-4.0
	9.2
	10.4
	9.6
	9.4
	9.6
	9.6

	-3.0
	12.4
	11.2
	10.2
	11.9
	10.3
	11.1

	-2.5
	12.1
	13.5
	11.8
	12.6
	12.6
	12.5

	-2.0
	13.8
	12.6
	13.1
	11.8
	13.3
	13.1

	-1.0
	9.7
	9.6
	9.1
	7.9
	7.7
	8.5

	0.0
	4.6
	4.0
	4.2
	3.9
	4.2
	4.2

	1.0
	1.2
	1.2
	0.9
	1.1
	1.3
	1.2

	2.0
	0.3
	0.3
	0.2
	0.2
	0.2
	0.2

	3.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	4.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	5.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	6.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0


Table 3 Throughput gain of the MMSE-IRC receiver over the Rel-8 baseline (MMSE) receiver in TM6

	 
	Throughput gain (%) 

	Geometry (dB)
	Scenario
A
	Scenario B
	Scenario C
	Scenario
D
	Scenario E
	Aggregated weighted throughput

	-8.0
	269.1
	205.9
	103.1
	200.0
	74.6
	136.4

	-7.0
	202.1
	125.1
	74.5
	54.3
	139.9
	124.9

	-6.0
	108.7
	64.0
	81.3
	90.6
	85.5
	87.4

	-5.0
	70.1
	49.7
	52.8
	46.4
	39.9
	49.4

	-4.0
	28.3
	31.3
	32.5
	26.6
	32.6
	30.7

	-3.0
	21.9
	28.0
	15.6
	22.4
	18.1
	20.1

	-2.5
	20.8
	14.9
	14.8
	15.4
	12.0
	15.0

	-2.0
	15.1
	14.9
	17.7
	11.2
	17.6
	15.9

	-1.0
	20.1
	17.9
	16.2
	15.3
	12.3
	15.5

	0.0
	22.8
	25.9
	13.4
	11.9
	16.3
	17.5

	1.0
	14.5
	14.9
	11.6
	14.7
	12.8
	13.4

	2.0
	9.6
	10.3
	7.0
	6.0
	13.0
	10.0

	3.0
	3.4
	3.6
	3.8
	3.9
	3.4
	3.5

	4.0
	1.8
	1.2
	1.1
	1.8
	1.7
	1.6

	5.0
	0.4
	0.4
	0.5
	0.8
	0.7
	0.6

	6.0
	0.0
	0.2
	0.0
	0.2
	0.1
	0.1


3 Conclusion

From simulation results in Section 2, we can conclude that the advanced receiver for Rel-11 LTE-Advanced UE has similar or smaller gains in asynchronous network operation compared to synchronous network operation, which shows little motivation to define performance requirements for asynchronous network operation. Furthermore, other Rel-11 features such as further enhanced inter-cell interference coordination (feICIC) and coordinated multi-point operation (CoMP) require network synchronization. Hence, we propose the following:

Proposal: Improved performance requirements for Rel-11 LTE-Advanced UE are defined only for synchronous network.
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