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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
BS IRC receiver in asynchronous network was extensively discussed in the previous meetings. In RAN4 #76bis, the following agreements were reached [1] [2]:
· Consider investigating the performance of asynchronous network as well as synchronous network in the WI.
· Reference receiver
· Use the same reference receiver for both sync and async, i.e., the interference covariance matrix estimation is performed at per TTI basis.
· Antenna configuration
· This option can be considered as baseline: Cover 2Rx, 4Rx and 8Rx
· Number of simulation cases
· As baseline: For each antenna configuration, introduce one simulation case for asynchronous homogeneous scenario and one simulation case for asynchronous heterogeneous scenario. 
During RAN4 #77, the following agreements were reached [3] [4]:
· Interference model:
· Keep Option 1, Option 2 and Option 3 open.
· Have further evaluations and make decision on the interference model in the next meeting. 
· Test cases for async scenarios: Down-selection should be discussed in the next meeting.
· Simulation output for Option 1 evaluation: Throughput v.s. SNR
· Simulation output for evaluation of other Options: Throughput v.s. SINR

Moreover, the following work plan for SIMO PUSCH under asynchronous network was agreed in [5].
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This contribution presents our views on the link simulation assumptions and performance requirements set for asynchronous cases.

2. Link simulation assumptions
Generally, the link simulation assumptions for synchronous IRC test should be re-used as much as possible, and the following issues need to be re-considered or clarified for asynchronous test:
· DMRS configuration
· DIP definition
2.1	DMRS configuration
The DMRS configuration in synchronous test was agreed as follows [6]:
· Use different base sequences for serving UE and interference UEs.
· To configure the DMRS sequences:
· The desired UE, interfering UE 1 and interfering UE 2 are served by cells with cell id #0, 1, 2 respectively.
· 


For the desired PUSCH and interfering PUSCH(s), =0, =0 and =0.
· Note 1: Both group hopping and sequence hopping are disabled.
· Note 2: In this way, the sequence-group number u used in the three cells are 0, 1, 2 respectively, and the base sequence number v within the base sequence group is 0 for the three cells [section 5.5 in TS 36.211].
Basically, the idea of using different base sequences for the serving cell and interference cell can be re-used for asynchronous test. Meanwhile, for interference model option 1 and option 3, the two interfering UEs (i.e., UE 1-1 and UE 1-2) are associated with the same interference cell. Therefore,
Proposal 1: Regarding the DMRS configuration for asynchronous test:
· Use different base sequences for serving cell and interference cell.
· To configure the DMRS sequences:
· The desired UE is served by cell with cell id #0, and interfering UE1-1 and UE 1-2 are served by cell with cell id #1.
· 


For the desired PUSCH and interfering PUSCHs, =0, =0 and =0.
· Note 1: Both group hopping and sequence hopping are disabled.
· Note 2: In this way, the sequence-group number u used in the serving cell and interfering cell are 0 and 1 respectively, and the base sequence number v within the base sequence group is 0 for the two cells.
2.2	Clarification on DIP definition
Below is the clarification on the DIP definition for asynchronous interference model option 1 and 3:
· For the ON/OFF interference model (i.e., option 1 and 3) with one simultaneous interferer,
· In the even TTIs, DIP1-1 =  
· In the odd TTIs, DIP1-2 = 
· The noise power is fixed among TTIs.
Observation 1: For interference model option 1 and 3, DIP 1-1 and DIP 1-2 represent the DIP value in the even TTIs and odd TTIs respectively.
2.3	Proposed link assumptions for asynchronous IRC test
Based on the previous agreements and discussion above, Table 1 summarizes the link simulation assumptions for asynchronous IRC test.
[bookmark: _Ref250926535]Table 1	Proposed link assumptions for asynchronous IRC test
	Parameters
	Values
	Notes

	DMRS configuration
	· The desired UE is served by cell with cell id #0, and interfering UE1-1 and UE 1-2 are served by cell with cell id #1.
· 


For the desired PUSCH and interfering PUSCHs, =0, =0 and =0.
	· Both group hopping and sequence hopping are disabled.
· In this way, the sequence-group number u used in the serving cell and interfering cell are 0 and 1 respectively, and the base sequence number v within the base sequence group is 0 for the two cells.

	DIP ratios
	Related to the interference model to be used
	For interference model option 1 and 3, DIP 1-1 and DIP 1-2 represent the DIP value in the even TTIs and odd TTIs respectively.

	Interference PUSCH modulation
	Randomly modulated 16QAM symbols
	

	HARQ combining
	Incremental redundancy
	

	Maximum number of HARQ transmissions
	4
	

	RV sequence
	0, 2, 3, 1
	

	Channel and interference estimation at BS
	· Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information
· For MMSE-IRC receiver, DMRS based covariance matrix estimation is assumed, and interference covariance matrix estimation should be conducted per PRB and per TTI
	Use the same reference receiver for synchronous and asynchronous cases

	Cyclic prefix
	Normal
	

	Frequency hopping, TTI bundling
	Disabled
	

	Simulation output
	· For interference model option 1: Throughput v.s. SNR
· For other interference models: Throughput v.s. SINR
	Link results for MMSE are also provided for calibration purpose.

	Simulation length
	10000 sub-frames at minimum
	



3. [bookmark: _Ref129681832]Performance requirements set
Regarding the performance requirements set for asynchronous network, it was agreed in RAN4 #76bis that [2]: 
· As baseline: For each antenna configuration, introduce one simulation case for asynchronous homogeneous scenario and one simulation case for asynchronous heterogeneous scenario. 
In RAN4 #77 meeting, two options were discussed:
· Option a: Keep the baseline agreed in the last meeting, i.e.,
· For each antenna configuration, introduce one simulation case for asynchronous homogeneous scenario and one simulation case for asynchronous heterogeneous scenario. 
· Option b: Select the test cases of 2, 4 and 6 (corresponding to heterogeneous scenario). 
· Down-selection should be discussed in RAN4 #78 meeting.
In the following, our views on the performance requirements set are presented.
3.1	Propagation condition for the serving channel
Two types of propagation conditions, i.e., EPA5 low and EVA70 low, are used for the serving channel in synchronous IRC test. It is important to verify the PUSCH MMSE-IRC performance under different channel conditions. Thus we suggest to keep both two types of propagation conditions for the serving channel in asynchronous IRC test.
Proposal 2: Propagation conditions for the serving channel: EPA5 low and EVA70 low.

3.2	DIP set
In our view, both homogeneous and heterogeneous scenarios are typical scenarios in real deployment. Moreover, the interference power levels, MMSE-IRC performance gain and the resulted SNR/SINR points are quite different in the two scenarios. Thus it is proposed to cover both homogeneous and heterogeneous scenarios for specifying the demodulation tests.
Proposal 3: Cover both homogeneous and heterogeneous scenarios.

3.3	Channel bandwidth, PRB allocation and antenna configuration
Regarding the channel bandwidth, PRB allocation and antenna configuration, it is porposed to re-use the parameters of synchronous IRC test.
Proposal 4: Cover all six channel bandwidths and use full PRB allocation.
Proposal 5: Cover 2, 4 and 8 Rx antennas.

3.4	Proposed performance requirements set for asynchronous IRC test
According to the discussion above, our proposal on performance requirements set is given as follow, and the proposed asynchronous cases for TS 36.104 are listed in Table 2.
Proposal 6: Keep two cases for each bandwidth and each antenna configuration, i.e., one case with EPA5 serving channel and HetNet DIPs, and one case with EVA70 serving channel and HomNet DIPs.
Table 2	Proposed performance requirements set for asynchronous IRC test
	Num
	Bandwidth
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	 (DIP1-1, DIP1-2) dB

	
	
	
	
	
	
	Interference model: option 1
	Interference model: option 3

	1
	Six bandwidths, full PRB allocation
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	2
	
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)

	3
	
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	4
	
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)

	5
	
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	6
	
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)



4. Conclusion
This contribution discussed the link simulation assumptions and performance requirements set for asynchronous IRC test, with the following observations and proposals:
Proposal 1: Regarding the DMRS configuration for asynchronous test:
· Use different base sequences for serving cell and interference cell.
· To configure the DMRS sequences:
· The desired UE is served by cell with cell id #0, and interfering UE1-1 and UE 1-2 are served by cell with cell id #1.
· 


For the desired PUSCH and interfering PUSCHs, =0, =0 and =0.
Proposal 2: Propagation conditions for the serving channel: EPA5 low and EVA70 low.
Proposal 3: Cover both homogeneous and heterogeneous scenarios.
Proposal 4: Cover all six channel bandwidths and use full PRB allocation.
Proposal 5: Cover 2, 4 and 8 Rx antennas.
Proposal 6: Keep two cases for each bandwidth and each antenna configuration, i.e., one case with EPA5 serving channel and HetNet DIPs, and one case with EVA70 serving channel and HomNet DIPs.
Observation 1: For interference model option 1 and 3, DIP 1-1 and DIP 1-2 represent the DIP value in the even TTIs and odd TTIs respectively.

Based on the previous agreements and the proposals in this contribution, the link assumptions and performance requirements set for asynchronous IRC test are listed in Table 1 and Table 2 respectively.
Table 1	Proposed link assumptions for asynchronous IRC test
	Parameters
	Values
	Notes

	DMRS configuration
	· The desired UE is served by cell with cell id #0, and interfering UE1-1 and UE 1-2 are served by cell with cell id #1.
· 


For the desired PUSCH and interfering PUSCHs, =0, =0 and =0.
	· Both group hopping and sequence hopping are disabled.
· In this way, the sequence-group number u used in the serving cell and interfering cell are 0 and 1 respectively, and the base sequence number v within the base sequence group is 0 for the two cells.

	DIP ratios
	Related to the interference model to be used
	For interference model option 1 and 3, DIP 1-1 and DIP 1-2 represent the DIP value in the even TTIs and odd TTIs respectively.

	Interference PUSCH modulation
	Randomly modulated 16QAM symbols
	

	HARQ combining
	Incremental redundancy
	

	Maximum number of HARQ transmissions
	4
	

	RV sequence
	0, 2, 3, 1
	

	Channel and interference estimation at BS
	· Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information
· For MMSE-IRC receiver, DMRS based covariance matrix estimation is assumed, and interference covariance matrix estimation should be conducted per PRB and per TTI
	Use the same reference receiver for synchronous and asynchronous cases

	Cyclic prefix
	Normal
	

	Frequency hopping, TTI bundling
	Disabled
	

	Simulation output
	· For interference model option 1: Throughput v.s. SNR
· For other interference models: Throughput v.s. SINR
	Link results for MMSE are also provided for calibration purpose.

	Simulation length
	10000 sub-frames at minimum
	



Table 2	Proposed performance requirements set for asynchronous IRC test
	Num
	Bandwidth
	MCS
	Propagation condition (Serving, interferers)
	Antenna configuration for serving and interferers
	Scenario
	 (DIP1-1, DIP1-2) dB

	
	
	
	
	
	
	Interference model: option 1
	Interference model: option 3

	1
	Six bandwidths, full PRB allocation
	6
	(EVA70, ETU70)
	1x2 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	2
	
	6
	(EPA5, ETU5)
	1x2 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)

	3
	
	15
	(EVA70, ETU70)
	1x4 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	4
	
	15
	(EPA5, ETU5)
	1x4 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)

	5
	
	20
	(EVA70, ETU70)
	1x8 Low
	HomNet
	(-1.69, -0.50)
	(-1.11, -1.11)

	6
	
	20
	(EPA5, ETU5)
	1x8 Low
	HetNet
	(-0.85, -0.12)
	(-0.43, -0.43)
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