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1. Introduction

BS MMSE-IRC receiver in asynchronous network was discussed in our previous contributions [1] [2]. In RAN4 #76 meeting, the following proposal was raised by several operators and BS vendors [3]:
· During phase-II of the BS MMSE-IRC WI (start from Aug 2015), in parallel to the work on requirements for synchronous network, conduct investigations on the need of requirements for asynchronous network.
· Both asynchronous homogeneous and heterogeneous networks to be analyzed.
And as agreed in [3], companies are encouraged to provide the asynchronous network analysis for further study. In this contribution, we further discuss the BS MMSE-IRC receiver in asynchronous network.
2. BS MMSE-IRC receiver in asynchronous network
In the last meeting, some companies expressed concerns on the need of investigating BS MMSE-IRC receiver in asynchronous network. From our point of view, asynchronous network should be covered in the WI due to the reasons as follows:
· Asynchronous operation is important sceanrio for FDD operators.
For LTE FDD operators, asynchronous operation is a possible option in macro network. Moreover, it is sometimes difficult for LPN sites to be synchronized with the macro sites, due to the varied and complex deployment scenarios. It is true that several features are synchronous for LTE-Advanced. But practical deployment scenarios are complicated, and asynchronous netowrk could not be precluded.
· In asynchronous network, the probability of dominant asynchronous interference is high.

As simulated in our previous contribution [2], the first dominant interferer is asynchronous with more than 56% and 89% probability in homogeneous and heterogeneous networks respectively. Moreover, the probability that the first two dominant interferers are synchronous is very small, which is around 13% and 2% in homogeneous and heterogeneous networks respectively. 

· Lower IRC gain is expected in asynchronous network, but there would be still some IRC gains w.r.t. MMSE receiver. As demodualtion tests, both IRC functionality and gain should be checked.
For uplink, the neighboring cell may schedule different UEs in two continuous TTIs, resulting in the change on interference transmission power as well as channel matrix. It means that the performance difference between synchronous and asynchronous IRC would be larger than that in downlink.
· To limit the workload, re-use the output of synchronous network as much as possible. 
Re-use the output from both system level and link level studies for synchronous network.
Proposal 1: Consider asynchronous network as well as synchronous network in the WI.
3. Asynchronous simulation setup

As discussed in our previous contribution [2], for asynchronous simulation cases, generally we can reuse/down-select the existing link level simulation assumptions for synchronous case. Meanwhile, several asynchronous network specific issues should be considered.
3.1
How to model the change of interference covariance matrix with time
For synchronous simulation case, 1Tx antenna (without MIMO pre-ceding) and fixed DIPs are assumed. Based on that, the modeling of timing offset for asynchronous network will not bring additional change of interference covariance matrix among different TTIs.

In real network, the neighboring cell may schedule two different UEs in two continuous TTIs, resulting in the change on interference transmission power as well as fast channel matrix. Therefore, to reflect the real interference condition, we need to model the change of power level and fast channel seed between two continuous TTIs for the asynchronous interference. One possible solution is to configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell:
· As illustrated in Figure 1(a), we assume that the dominant interfering cell 1 schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power ratio of UE 1-1 and UE 1-2 are denoted as DIP1-1 and DIP1-2 respectively. Noe that different channel seeds are used for the three UEs (including desired UE and interfering UEs). 
· If we need to consider two explicit interfering cells, UE 2-1 and UE 2-2 can be added accordingly, as shown in Figure 1(b). Also, different channel seeds are used for the five UEs. In this case, the interference signal number and channel faders will be increased significantly. 
· To limit the test complextity and cost, it is suggested to model one explicit interfering cell for asynchronous cases.
Proposal 2: Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are different, and different channel seeds are used for the desired UE and interfering UEs.
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(a) One explicit interfering cell
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(b) Two explicit interfering cells
Figure 1: Modeling of time-varying interference

3.2
DIP1-1 and DIP1-2 values

For synchronous network, the DIP1 value at 85%-tile of the DIP1 distribution is taken. One straightforward way for obtaining DIPs in asynchronous network is:

· Step 1: For each simulated sample, if the first dominant interferer is asynchronous, the DIP1 value is saved for this sample.
· Step 2: Decide DIP1-1 and DIP1-2. Obtain the distribution of unconditional DIP1 values from all the samples selected by Step 1. The DIP values at 75%-tile and 95%-tile of the DIP1 distribution are taken as DIP1-1 and DIP1-2 respectively.

Using the above methodology, system simulations are conducted and the results are given in Table 1. In addition, the DIP values at 75%-tile and 95%-tile of the DIP1 distribution for all simulated samples, based on China Telecom’s previous results in Table 6.3.1.2-1 and Table 6.3.2.2-1 of TR 36.884 V0.1.0, are also given for comparison. It is seen from Table 1 that the DIP difference between case A and case B is negligible. To save the system simulation efforts, the DIP values at 75%-tile and 95%-tile of the DIP1 distribution of all simulated samples can be used for asynchronous simulation. In this way, there is no need to re-conduct system simulation, and the DIP1-1 and DIP1-2 values can be obtained based on the previous results in Table 6.3.1.2-1 and Table 6.3.2.2-1 of TR 36.884 V0.1.0 (six companies’ results are included), as given in Table 2.
Proposal 3: Re-use the existing system simulation results for asynchronous network: set the DIP values for UE 1-1 and UE 1-2 respectively as the DIPs at 75%-tile and 95%-tile of the unconditional DIP1 distribution of all simulated samples.
Table 1: DIP 1-1 and DIP1-2 values (China Telecom’s results)
	DIPs
	Case A: Samples whose first dominant interferer is asynchronous
	Case B: All samples [4]
	Gap

	Homogeneous network
	DIP 1-1 (dB),
@75%-tile of DIP1 CDF
	-1.88
	-1.70
	0.18

	
	DIP 1-2 (dB),
@95%-tile of DIP1 CDF
	-0.71
	-0.51
	0.20

	Heterogeneous network
	DIP 1-1 (dB),
@75%-tile of DIP1 CDF
	-0.73
	-0.78
	0.05

	
	DIP 1-2 (dB),
@95%-tile of DIP1 CDF
	-0.10
	-0.11
	0.01


Table 2: DIP 1-1 and DIP1-2 values 
(Six companies’ results, based on Table 6.3.1.2-1 and Table 6.3.2.2-1 of TR 36.884 V0.1.0 [4])

	DIPs
	Case B: All samples [4]

	Homogeneous network
	Company
	China Telecom
	Huawei
	Ericsson
	ZTE
	Nokia Networks
	Alcatel-Lucent
	Average

	
	DIP 1-1 (dB),

@75%-tile of DIP1 CDF
	-1.70
	-1.80
	-1.77
	-1.70
	-1.65
	-1.49
	-1.69

	
	DIP 1-2 (dB),

@95%-tile of DIP1 CDF
	-0.51
	-0.54
	-0.63
	-0.52
	-0.34
	-0.43
	-0.50

	Heterogeneous network
	Company
	China Telecom
	Huawei
	Ericsson
	ZTE
	Nokia Networks
	
	Average

	
	DIP 1-1 (dB),

@75%-tile of DIP1 CDF
	-0.78
	-0.93
	-0.95
	-0.79
	-0.79
	
	-0.85 

	
	DIP 1-2 (dB),

@95%-tile of DIP1 CDF
	-0.11
	-0.13
	-0.13
	-0.12
	-0.11
	
	-0.12 


3.3
Timing offset between the desired signal and interfering signal
Timing offset between the desired/interfering signals also has impact on the MMSE-IRC performance in asynchronous network. There are several options, which can be categorized as:
(a) 0 < offset < 2048+160 + 2*(2048+144) Ts
(b) 2048+160 + 2*(2048+144) Ts ( offset < 2048+160 + 3*(2048+144) Ts
(c) 2048+160 + 3*(2048+144) Ts ( offset < 0.5ms
(d) offset = 0.5ms
(e) 0.5ms < offset < 2*(2048+160) + 8*(2048+144) Ts
(f) 2*(2048+160) + 8*(2048+144) T ( offset < 2*(2048+160) + 9*(2048+144) Ts
(g) 2*(2048+160) + 9*(2048+144) Ts ( offset < 1ms
where Ts=1/30720ms.
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Figure 2: Categories of timing offset
From our side, the timing offset of 0.33ms is slightly preferred.

Proposal 4: As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
3.4
Reference receiver
For asynchronous network, the interference experienced on the DMRS REs in slot 0 and slot 1 may be different. Thus there may be IRC performance difference if the interference covariance matrix estimation is performed at per TTI or per slot basis.

Proposal 5: For the MMSE-IRC reference receiver in asynchronous network, to decide whether the interference covariance matrix estimation is performed at per TTI or per slot basis.
3.5
Number of test cases

Considering the number of asynchronous test case, our proposal is: for each antenna configuration, introduce one test case in homogeneous scenario and one test case in heterogeneous scenario. 
Proposal 6: For each antenna configuration, introduce one test case for asynchronous homogeneous scenario and one test case for asynchronous heterogeneous scenario.
4. Initial link level simulation results
Based on the proposals in section 3, initial link level simulations are conducted in this section. The common parameters are presented in Table 3, and the simulation cases are listed in Table 4. For each case, in addition to IRC performance in asynchronous scenario, IRC performance in synchronous scenario (i.e., offset = 0ms) and MMSE performance in asynchronous scenario are also simulated for comparison.
Table 3: Common parameters of link level evaluation
	Parameters
	Unit
	Values

	Cyclic prefix
	
	Normal

	Interference modelling
	Number of explicitly modelled interfering cell
	
	1

	
	Noc
	dBm/15K
	[-98]

	
	Interference modulation
	
	16QAM

	
	Timing delay w.r.t. the serving UE
	ms
	0.33 for asynchronous cases;

0 for synchronous cases

	Frequency hopping, TTI bundling
	
	Disable

	Interference covariance matrix estimation
	
	Per TTI basis


Table 4: Cases for link level evaluation 

	Num
	PRB allocation/

Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	(DIP1-1, DIP1-2) dB [Note]

	1
	50 PRB/10MHz
	6
	(EPA5, EPA5)
	1x2 Low
	(-1.70, -0.51)

	2
	50 PRB/10MHz
	6
	(EPA5, EPA5)
	1x2 Low
	(-0.78, -0.11)

	3
	50 PRB/10MHz
	15
	(EPA5, EPA5)
	1x4 Low
	(-1.70, -0.51)

	4
	50 PRB/10MHz
	15
	(EPA5, EPA5)
	1x4 Low
	(-0.78, -0.11)

	5
	50 PRB/10MHz
	20
	(EPA5, EPA5)
	1x8 Low
	(-1.70, -0.51)

	6
	50 PRB/10MHz
	20
	(EPA5, EPA5)
	1x8 Low
	(-0.78, -0.11)


Note: based on the DIP values in Table 1.
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Case 1: 1T2R, HomNet                       Case 2: 1T2R, HetNet
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Case 3: 1T4R, HomNet                       Case 4: 1T4R, HetNet
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Case 5: 1T8R, HomNet                       Case 6: 1T8R, HetNet
Figure 3: link level simulation results
Observation 1: Based on our initial link simulation results, it is seen that MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.
5. Conclusions
The following proposals and observations were made in this contribution:
Proposal 1: Consider asynchronous network as well as synchronous network in the WI.
Proposal 2: Configure two ON/OFF interfering signals (UEs) to model the interference from one dominant interfering cell, i.e., the dominant interfering cell schedule UE 1-1 in the even TTIs and schedule UE 1-2 in the odd TTIs. The interference power of UE 1-1 and UE 1-2 are different, and different channel seeds are used for the desired UE and interfering UEs.
Proposal 3: Re-use the existing system simulation results for asynchronous network: set the DIP values for UE 1-1 and UE 1-2 respectively as the DIPs at 75%-tile and 95%-tile of the unconditional DIP1 distribution of all simulated samples.
Proposal 4: As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.
Proposal 5: For the MMSE-IRC reference receiver in asynchronous network, to decide whether the interference covariance matrix estimation is performed at per TTI or per slot basis.
Proposal 6: For each antenna configuration, introduce one test case for asynchronous homogeneous scenario and one test case for asynchronous heterogeneous scenario.
Observation 1: Based on our initial link simulation results, it is seen that MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.
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