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1. Introduction
For LTE FDD, the network synchronization between macro eNBs, and between macro eNB and low power node (LPN) are not mandatory, and the following two scenarios are possible depending on operators’ deployment. 

· Synchronous network: all macro eNBs and low power nodes are synchronous
· Asynchronous network: only the three collocated macro eNBs are synchronous
In RAN4 #74 meeting, it was agreed to prioritize synchronous network for BS MMSE-IRC WI, and asynchronous network is not precluded [1]. Moreover, according to the agreed work plan in [2], company inputs are encouraged to discuss the necessary of defining BS MMSE-IRC requirements for asynchronous network test case. 

Our contribution in [3] provided preliminary analysis on the probability of dominant asynchronous interference. In this contribution, further considerations on BS MMSE-IRC receiver in asynchronous network are presented.
2. Discussion

2.1
System level studies
2.1.1
Probability of synchronicity of dominant interferers

Firstly, system level simulations are performed to investigate the probability that the most dominant interferer comes from a UE connected to a non-collocated cell, i.e., asynchronous interference. Both homogeneous and heterogeneous networks are simulated, using the assumptions agreed in previous meeting [4]. The following two cases are considered in the simulation:
· Case 1: All the simulated samples are taken into account.
· Case 2: Select the samples whose corresponding DIP1 fall within 80%-90% tile of the DIP1 distribution. Note that this set of samples was used for determining the DIPs for link evaluation in synchronous network [5].
Table 1 and Table 2 show the probability of synchronicity of two dominant interferers respectively in homogeneous and heterogeneous networks. 
Table 1: Probability of synchronicity of two dominant interferers (homogeneous network)
	Scenarios
	Case 1 
(all samples)
	Case 2 
(samples whose DIP1 fall within 80%-90% tile of the DIP1 distribution)

	A
	DIP1 Sync & DIP2 Sync
	13.8%
	12.9%

	B
	DIP1 Sync & DIP2 Async
	28.4%
	30.4%

	C
	DIP1 Async & DIP2 Sync
	27.8%
	28.2%

	D
	DIP1 Async & DIP2 Async
(the two interferers belong to the same site)
	3.1%
	2.9%

	E
	DIP1 Async & DIP2 Async
(the two interferers belong to different sites)
	26.9%
	25.6%


Table 2: Probability of synchronicity of two dominant interferers (heterogeneous network)

	Scenarios
	Case 1 
(all samples)
	Case 2 
(samples whose DIP1 fall within 80%-90% tile of the DIP1 distribution)

	A
	DIP1 Sync & DIP2 Sync
	1.9%
	2.4%

	B
	DIP1 Sync & DIP2 Async
	6.1%
	8.3%

	C
	DIP1 Async & DIP2 Sync
	4.6%
	3.7%

	D
	DIP1 Async & DIP2 Async
(the two interferers belong to the same site)
	2.2%
	2.5%

	E
	DIP1 Async & DIP2 Async
(the two interferers belong to different sites)
	85.2%
	83.1%


From the simulation results in Table 1 and 2, it is observed that:
Observation 1: The probability of scenario A (i.e., both two dominant interferers are synchronous) is very small, which is around 13% and 2% in homogeneous and heterogeneous networks respectively.
Observation 2: In heterogeneous network, the probability of scenario E (i.e., both two dominant interferers are asynchronous and the two interferers belong to different sites) is as high as more than 83%.

One reason for observation 2 is that: for LPN UEs in heterogeneous network, since MU-MIMO is not considered, all interferers come from UEs belonging to non-collocated cells. 
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. Thus asynchronous network is a meaningful scenario to be studied. We need to ensure that BS IRC receiver is not optimized only in synchronous network and IRC performance gain can also be achieved in practical asynchronous network. So it is proposed to also consider asynchronous network in the WI. 
Proposal 1: Consider asynchronous network as well as synchronous network in the WI.
Based on the observation 2, we propose to select HetNet scenario E for developing asynchronous network simulation case, i.e., both two dominant interferers are asynchronous and the two interferers belong to different sites. 
Proposal 2: Select HetNet scenario E for developing asynchronous simulation case, i.e., both two dominant interferers are asynchronous and the two interferers belong to different sites.
2.1.2
DIP values
Then we conduct system simulation to obtain the DIP 1/2 values under HetNet scenario E. For verifying BS IRC performance gain, only case 2 (i.e., select the samples whose corresponding DIP1 fall within 80%-90% tile of the DIP1 distribution) is simulated. In the following, step 1 and 2 are similar to that in methodology 1 for synchronous operation [5].
· Step 0: For each simulated sample in asynchronous HetNet, if the two dominant interferers are asynchronous and the two interferers belong to different sites, the DIP1/2 values are saved for this sample.
· Step 1: Decide DIP1. Obtain the distribution of unconditional DIP1 values from all the samples selected by Step 0. The DIP1 value at 85%-tile of the DIP1 distribution is taken.

· Step 2: Decide DIP2. For the DIP1 value at 85%-tile, the median of the conditioned DIP2 are obtained, where the median DIP2 is obtained from all DIP2 whose corresponding DIP1 fall within ±5%-tile of 85%-tile (i.e., 80~90%-tile).
The simulation results are given in Table 3. In addition, the DIP 1/2 values in synchronous HetNet from our previous contribution [6] are copied to Table 3 for comparison. Compared to the DIP 1/2 in synchronous HetNet, an increase of DIP1 of +0.04 dB and a reduction of DIP2 of -0.47 dB for asynchronous HetNet Scenario E are observed. 
Table 3: DIP 1/2 in asynchronous and synchronous HetNet
	Scenarios
	DIP 1 (dB)
	DIP 2 (dB)

	Asynchronous HetNet Scenario E: 
(DIP1 Async & DIP2 Async, 
the two interferers belong to different sites)
	-0.35
	-14.57

	Synchronous HetNet [6]
	-0.39
	-14.10

	Gap
	+0.04
	-0.47


Similar to the asynchronous studies for UE IRC receiver [7] [8], since these DIP values in Table 3 only take the results of one company into account, we would suggest not to adopt absolute values for the asynchronous case, but to modify the agreed average DIP values for synchronous operation in [9] with offset of +0.04 dB and -0.47dB for DIP1 and DIP2, respectively. 
The agreed average DIP values for synchronous operation are (DIP1, DIP2) = (-0.43, -13.78) dB [9]. Therefore, for asynchronous HetNet Scenario E, we may use (DIP1, DIP2) = (-0.43+0.04, -13.78-0.47) dB = (-0.39, -14.25) dB.

Proposal 3: Considering the DIPs for asynchronous HetNet scenario E, modify the agreed average DIP 1/2 values for synchronous HetNet with certain offsets based on company inputs.
2.1.3
Timing offset
In asynchronous HetNet scenario E, the two dominant interferers are asynchronous and the two interferers belong to different sites. Therefore, similar to that in UE IRC [10], we assume the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
Proposal 4: In asynchronous HetNet scenario E, the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
2.2
Link level simulation assumptions
For asynchronous simulation cases, generally we can reuse/down-select the existing link level simulation assumptions for synchronous case. Meanwhile, some asynchronous network specific issues should be taken into account.

2.2.1
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 different UEs in two continuous TTIs, resulting in the change on interference transmission power as well as channel matrix. It means that the interference covariance matrix may vary with different TTIs. Therefore, the change of interference covariance matrix in time domain needs to be modeled for asynchronous simulation case. Several alternatives can be considered:
· Alt. 1: Change on DIP 1/2. For example, add a delta on the baseline DIP1/2 in each TTI.
· Alt. 2: For the fast channel of the interfering UE, configure different channel seeds in different TTIs.
· Alt. 3: Use a very high Doppler frequency in the interfering channel.
When determining the method for modeling interference change, the feasibility and complexity from the conformance test point of view should be taken into account. 
Proposal 5: The change of interference covariance matrix in time domain should be modeled for asynchronous simulation case.

2.2.2
Link simulation assumptions
The phase I link assumptions for synchronous case have been agreed in the last meeting [11], and are copied in Table 4 and Table 5 below. For asynchronous scenarios, we would suggest to follow the link assumptions in Table 4 excepting the timing offset (highlighted by yellow). Moreover, to save simulation effort, only case #2, 4, 6 in Table 5 are proposed to be simulated in asynchronous scenario, as shown in Table 6.
Table 4: Common parameters of link level evaluation assumptions (synchronous case)
	Parameters
	Unit
	Values

	Cyclic prefix
	
	Normal

	Interference modelling
	Number of explicitly modelled interferers
	
	2

	
	Noc
	dBm/15K
	[-98]

	
	Interference modulation
	
	16QAM

	
	Timing delay and frequency offset for synchronous case
	
	Well aligned: no timing delay and frequency offset between the serving UE and interfering UEs

	Frequency hopping, TTI bundling
	
	Disable


Exception for asynchronous case:
According to proposal 4, the timing delay should be as follows: 

	Timing delay w.r.t. the serving UE for asynchronous case
	ms
	1st interfering UE
	2nd interfering UE

	
	
	0.33
	0.67


Table 5: Agreed cases for link level evaluations (synchronous case)
	Num
	PRB allocation/

Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	(DIP1, DIP2) dB

	1
	50 PRB/10MHz
	[6]
	(EPA5, EPA5)
	1x2 Low
	(-1.11, -10.91)

	2
	50 PRB/10MHz
	[6]
	(EPA5, EPA5)
	1x2 Low
	(-0.43, -13.78)

	3
	50 PRB/10MHz
	[15]
	(EPA5, EPA5)
	1x4 Low
	(-1.11, -10.91)

	4
	50 PRB/10MHz
	[15]
	(EPA5, EPA5)
	1x4 Low
	(-0.43, -13.78)

	5
	50 PRB/10MHz
	[20]
	(EPA5, EPA5)
	1x8 Low
	(-1.11, -10.91)

	6
	50 PRB/10MHz
	[20]
	(EPA5, EPA5)
	1x8 Low
	(-0.43, -13.78)

	7
	50 PRB/10MHz
	[6]
	(EVA70, EVA70)
	1x2 Low
	(-1.11, -10.91)

	8
	50 PRB/10MHz
	[6]
	(EVA70, EVA70)
	1x2 Low
	(-0.43, -13.78)

	9
	50 PRB/10MHz
	[15]
	(EVA70, EVA70)
	1x4 Low
	(-1.11, -10.91)

	10
	50 PRB/10MHz
	[15]
	(EVA70, EVA70)
	1x4 Low
	(-0.43, -13.78)

	11
	50 PRB/10MHz
	[20]
	(EVA70, EVA70)
	1x8 Low
	(-1.11, -10.91)

	12
	50 PRB/10MHz
	[20]
	(EVA70, EVA70)
	1x8 Low
	(-0.43, -13.78)


Down-selection and exception for asynchronous case:
Table 6: Proposed cases for link level evaluations (asynchronous case)
	Num
	PRB allocation/

Band width
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	(DIP1, DIP2) dB

	2
	50 PRB/10MHz
	[6]
	(EPA5, EPA5)
	1x2 Low
	(FFS, FFS)

	4
	50 PRB/10MHz
	[15]
	(EPA5, EPA5)
	1x4 Low
	(FFS, FFS)

	6
	50 PRB/10MHz
	[20]
	(EPA5, EPA5)
	1x8 Low
	(FFS, FFS)


Proposal 6: Introduce three simulation cases respectively for 1T2R, 1T4R and 1T8R in asynchronous network.
3. Conclusion
This contribution provided our further considerations on BS MMSE-IRC receiver in asynchronous network, with the following observations and proposals:
Observation 1: The probability of scenario A (i.e., both two dominant interferers are synchronous) is very small, which is around 13% and 2% in homogeneous and heterogeneous networks respectively.

Observation 2: In heterogeneous network, the probability of scenario E (i.e., both two dominant interferers are asynchronous and the two interferers belong to different sites) is as high as more than 83%.

Proposal 1: Consider asynchronous network as well as synchronous network in the WI.
Proposal 2: Select HetNet scenario E for developing asynchronous simulation case, i.e., both two dominant interferers are asynchronous and the two interferers belong to different sites.
Proposal 3: Considering the DIPs for asynchronous HetNet scenario E, modify the agreed average DIP 1/2 values for synchronous HetNet with certain offsets based on company inputs.
Proposal 4: In asynchronous HetNet scenario E, the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
Proposal 5: The change of interference covariance matrix in time domain should be modeled for asynchronous simulation case.
Proposal 6: Introduce three simulation cases respectively for 1T2R, 1T4R and 1T8R in asynchronous network.
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