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1 General
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.1
	R4-152831
	Other
	Preliminary analysis for asynchronous network
	China Telecom


Proposals from companies

	China Telecom, R4-152831
	· Observation 1: In homogeneous scenario, the first dominant interferer is asynchronous with more than 56% probability, and the second dominant interferer is asynchronous with more than 58% probability.

· Observation 2: In heterogeneous scenario, 
· For UEs associated with macro cells, the first dominant interferer is asynchronous with more than 50% probability, and the second dominant interferer is asynchronous with more than 67% probability.
· For UEs associated with low power nodes, the first/second dominant interferer is asynchronous with 100% probability.


This contribution has been handled in the main session.
2 Deployment scenarios: system simulations
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.1
	R4-152958
	other
	System simulation results
	Ericsson

	7.6.1.1
	R4-152596
	other
	Updated system simulation results
	Huawei

	7.6.1.1
	R4-153161
	other
	Updated system simulation results for homogeneous network
	ZTE

	7.6.1.1
	R4-153481
	other
	System simulation results for homogeneous deployment for LTE BS MMSE-IRC
	Alcatel-Lucent

	7.6.1.2
	R4-153162
	other
	Updated system simulation results for heterogeneous network
	ZTE

	7.6.2
	R4-152823
	other
	Simulation results for BS MMSE-IRC interference modelling
	China Telecom

	7.6.2
	R4-153665
	other
	Summary of simulation results for BS MMSE-IRC interference modelling
	China Telecom

	7.6.1
	R4-152595
	pCR
	TP on system simulation results based on PF scheduling.
	Huawei

	7.6.1
	R4-153668
	other
	TP on scenarios and target/interference channels for BS MMSE-IRC
	ZTE

	7.6.2
	R4-153664
	pCR
	TP on simulation results for BS MMSE-IRC interference modelling
	China Telecom


2.1 System simulation results
Discussions:

China Telecom provided the summary of system simulation results R4-153665.
	HomNet
	DIP Values
	China Telecom
	Ericsson
	Huawei
	ZTE
	Nokia Networks
	Alcatel-Lucent
	Average

	Methodology 1
	DIP1 (dB)
	-1.11
	-1.21
	-1.20
	-1.12
	-1.06
	-0.96
	-1.11

	
	DIP2 (dB)
	-10.94
	-10.77
	-10.30
	-10.82
	-11.65
	-10.95
	-10.91

	Methodology 2
	DIP1 (dB)
	-1.14
	-1.58
	-1.43
	-1.06
	
	
	-1.30

	
	DIP2 (dB)
	-9.17
	-7.99
	-8.16
	-9.42
	
	
	-8.68

	
	
	
	
	
	
	
	
	

	HetNet
	DIP Values
	China Telecom
	Ericsson
	Huawei
	ZTE
	Nokia Networks
	Alcatel-Lucent
	Average

	Methodology 1
	DIP1 (dB)
	-0.39
	-0.48
	-0.47
	-0.40
	
	
	-0.43

	
	DIP2 (dB)
	-14.10
	-13.1
	-13.5
	-14.07
	
	
	-13.69

	Methodology 2
	DIP1 (dB)
	-0.42
	-0.56
	-0.58
	-0.43
	
	
	-0.50

	
	DIP2 (dB)
	-12.20
	-11.45
	-11.63
	-12.28
	
	
	-11.89


2.2 TPs
Open issues:

· TP on system simulation results based on PF scheduling.
· Is TP on scenarios and system simulation assumptions for BS IRC receiver (R4-153668) agreeable?
· Is TP on simulation results for BS MMSE-IRC interference modelling (R4-153664) agreeable?
Discussions:

TP on system simulation results based on PF scheduling was noted in the main session and the agreements were not to include the PF scheduling simulation results in the TR and to modify the system simulation assumptions.
Agreements:
· TP on simulation results for BS MMSE-IRC interference modelling (R4-153664) will be updated after Nokia Networks provide the results in this meeting..
3 Interference modelling for link level simulation
Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.2
	R4-152597
	other
	Discussion on interference modelling
	Huawei

	7.6.1.1
	R4-152596
	other
	Updated system simulation results
	Huawei

	7.6.2
	R4-152821
	other
	Interference modelling methodology for BS MMSE-IRC receiver
	China Telecom

	7.6.2
	R4-153290
	other
	Consideration on the methodology for DIP determination and interfernce covariance matrix estimation
	SAMSUNG Electronics Co., Ltd.

	7.6.2
	R4-153468
	other
	Methodologies on UL interference profiles derivation
	Nokia Networks

	7.6.2
	R4-152822
	pCR
	TP on interference modelling methodology for BS MMSE-IRC
	China Telecom


3.1 Methodologies to derive the DIP values
Proposals:
	Huawei, R4-152597
	· Proposal 1: to derive DIP1 and DIP2 we propose to use Methodology 1.
· Proposal 2: to verify the covariance matrix estimation per TTI per PRB, we propose to considering two alternative solutions:

· Alternative 1: Define the single PRB demodulation performance requirements and the two interferers are transmitted on the same PRB as for the serving UE, except for define the full PRB demodulation performance requirements with full PRB interference transmission.
· Alternative 2: Define the full PRB demodulation performance requirements, and randomly add the different rotate spatial vectors on the interference fading channels PRB by PRB.

	China Telecom R4-152821
	· Observation 1: With the condition of low UL wideband SINR, the TTIs/PRBs with severe interference for each UE can be selected, instead of selecting UEs located in cell boundary as in DL. More study is needed on whether it is appropriate to use methodology 2, i.e., DIPs conditioned on low UL wideband SINR.
· Observation 2: UL DIP distribution does not change with the UE location in serving cell, and it is unnecessary to use DIP conditioned on certain UE location.
· Observation 3: If methodology 2 is used, much more link simulation is needed in order to find one suitable MCS for each test case.
· Proposal: Set the methodology 1 as baseline for determining DIPs for performance gain tests, i.e., 

· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. 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%).

	Samsung R4-153290
	· Proposal 1: Conditional DIPs based on the SINR value at 5%-tile of UL wideband SINR distribution as the SINR of interest should be adopted by UL MMSE-IRC interference modelling since this corresponds to the interference dominant scenario in which MMSE-IRC could show significant gain over MMSE.

	Nokia Networks R4-153468
	· Proposal: 
Use Method-2 to generate DIP profiles for UL MMSE-IRC study.


Previous agreed options for methodologies:

· Methodology 1
· Step 1: Decide DIP1. First obtain the distribution of unconditional DIP1 values from all the simulated samples. 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).

· Methodology 2
· Step 1: Identify the SINR value at 5%-tile of UL wideband SINR distribution as the SINR of interest. 

· Step 2: For each simulated sample, if the UL wideband SINR fall within +/- 0.2 dB of 5%-tile UL wideband SINR, the DIP1/2 values are saved for this sample. 

· Step 3: After saving all the conditional DIP1/2 values, the median values of DIP1/DIP2 distribution are taken.
Open issues:

· Unconditional DIP values vs conditional DIP values
· Argument to support unconditional DIP:
· China Telecom:

· Observation 1 (China Telecom): With the condition of low UL wideband SINR, the TTIs/PRBs with severe interference for each UE can be selected, instead of selecting UEs located in cell boundary as in DL. More study is needed on whether it is appropriate to use methodology 2, i.e., DIPs conditioned on low UL wideband SINR.

· Observation 2 (China Telecom): UL DIP distribution does not change with the UE location in serving cell, and it is unnecessary to use DIP conditioned on certain UE location.

· Observation 3 (China Telecom): If methodology 2 is used, much more link simulation is needed in order to find one suitable MCS for each test case.

[image: image1]
(a) UEs with DL wideband SINR in the range of -2.5 +/- 0.2 dB


[image: image2]
(b) UEs with UL wideband SINR in the range of -2.78 +/- 0.2 dB
Figure 1. Geographical location of UEs with low DL/UL wideband SINR 
(Homogenous scenario, one black circle represents one BS, one blue point represents one UE)
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(a) DIP distribution conditioned on low RSRP (5%-tile)     (b) DIP distribution conditioned on medium RSRP (50%-tile)
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(c) DIP distribution conditioned on high RSRP (95%-tile)
Figure 2. UL DIP distribution conditioned on low, medium and high RSRP

· Huawei, HiSilicon:

· Observation 2: DIP2 depends on DIP1.
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· Observation 3: The DIP values would be independent of the serving UE SINR.(power headroom)
· Argument to support conditional DIP values:
· Nokia networks
· With Method 2 from Figure 3, the DIP1 is in the range of (-6dB, 0dB), while SINR is selected in (-6.25dB, -0.82dB).  The DIP2 distribution is scattering between ~(-27dB, -4dB).  Among all these UE samples, we can observe that:

· IRC gain can be visualized for almost all UE samples under selection; and

· some of two-interferer scenarios are preserved in the selected UE samples.

· Based on the analysis, we may conclude that Method 2 could be able to demonstrate IRC gain better than Method 1.  Besides, Method 2 includes UE samples under two interferers, while the UE samples with Method 1 are mostly under single interferer.  With this analysis, we propose to use Method 2 as the baseline for DIP profile generation.
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Figure 2    Method 1: Selection of UE samples, “unconditional” DIP1
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Figure 3    Method 2: Selection of UE samples, “conditional” DIR1 on SINR
· TP on interference modelling methodology for BS MMSE-IRC (R4-152822) is agreeable?
Discussion:

Whether the methodology 1 or methodology 2 should be used to derive the DIP values was extensively discussed in the main session. No consensus was reached.
· TP on interference modelling methodology for BS MMSE-IRC (R4-152822) is agreeable?
· If we removed the decriptions of Method 1 as baseline and method 2 as optional, is it OK for the group.
Agreements:
· TP R4-152822 is agreeable if removing decrisptions of Method 1 as baseline and method 2 as optional
3.2 DIP values
Open issues:
· Determine the DIP values:
	HomNet
	DIP Values
	China Telecom
	Ericsson
	Huawei
	ZTE
	Nokia Networks
	Alcatel-Lucent
	Average

	Methodology 1
	DIP1 (dB)
	-1.11
	-1.21
	-1.20
	-1.12
	-1.06
	-0.96
	-1.11

	
	DIP2 (dB)
	-10.94
	-10.77
	-10.30
	-10.82
	-11.65
	-10.95
	-10.91

	Methodology 2
	DIP1 (dB)
	-1.14
	-1.58
	-1.43
	-1.06
	
	
	-1.30

	
	DIP2 (dB)
	-9.17
	-7.99
	-8.16
	-9.42
	
	
	-8.68

	
	
	
	
	
	
	
	
	

	HetNet
	DIP Values
	China Telecom
	Ericsson
	Huawei
	ZTE
	Nokia Networks
	Alcatel-Lucent
	Average

	Methodology 1
	DIP1 (dB)
	-0.39
	-0.48
	-0.47
	-0.40
	
	
	-0.43

	
	DIP2 (dB)
	-14.10
	-13.1
	-13.5
	-14.07
	
	
	-13.69

	Methodology 2
	DIP1 (dB)
	-0.42
	-0.56
	-0.58
	-0.43
	
	
	-0.50

	
	DIP2 (dB)
	-12.20
	-11.45
	-11.63
	-12.28
	
	
	-11.89


Tentative agreements:

· For Phase-I BS IRC performance evaluation, two sets of DIP1 and DIP2 will be considered:

· DIP1 = -1.11dB, DIP2=-10.91dB (Homogeneous network)

· DIP1 = -0.43dB, DIP2 = -13.69dB (Heterogeneous network)

Discussion:

Ad hoc chair shows the averaged DIP values based on the simulation results. It was suggested using DIP values of Methodology 1 for link level simulation and do not further discuss which methodology should be used, which was agreed. 
Agreements:

· Based on the two methodologies, the simulation results for DIP 1 and DIP 2 are quite similar. So the group agreed to use the DIP values of methodology 1.
· For Phase-I BS IRC performance evaluation, two sets of DIP1 and DIP2 will be considered:

· DIP1 = -1.11dB, DIP2=-10.91dB (Homogeneous network)
· DIP values derived based on heterogeneous network scenarios need to be updated during this meeting. Nokia networks will provide the updated DIP values for heterogeneous network scenarios in this meeting.
4 Link level evaluation for phase I
Related contribution list:
	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.3
	R4-152598
	other
	Initial link level simulation results
	Huawei

	7.6.3
	R4-153666 
	other
	Link level simulation for SIMO PUSCH
	China Telecom

	7.6.3
	R4-152959
	other
	Link simulation
	Ericsson

	7.6.3
	R4-153164
	other
	Discussion on Link level parameters for BS MMSE-IRC
	ZTE

	7.6.2
	R4-153469
	other
	Link simulation setup for UL-IRC
	Nokia Networks

	7.6.3
	R4-153672
	other
	Template for summary of link level simulation results
	Huawei

	7.6.3
	R4-153669
	pCR
	TP on link level performance evaluation
	Huawei

	7.6.3
	R4-153667
	other
	TP on UL-IRC baseline receiver
	Nokia Networks


4.1 Evaluation cases and simulation assumptions
Proposals:
	China Telecom R4-153666 
	· Proposal 1: For link performance evaluation in phase I, use MCS 6 as baseline for the target PUSCH, and other MCS higher than MCS 6 can also be considered in order to ensure the SINR working point is within a reasonable range.
· Proposal 2: For link performance evaluation in phase I, use the two sets of DIPs obtained respectively in homogenous and heterogeneous scenarios. 

· Proposal 3: Companies are encouraged to provide throughput vs. SNR curves for MMSE-IRC and MMSE, DIPs are kept to the agreed values during the simulation. 

· Proposal 4: For link performance evaluation in phase I, MMSE-IRC gain over MMSE is measured in terms of SNR gain at 70% of maximum throughput.

	ZTE R4-153164
	· Observation 1: If we define the propagate channel for interfering UEs as ETU70, the throughput performance of estimation based on one RB is obviously better than the performance based on more than 12RBs, and there is about 1dB performance difference between estimation based on one RB and 6RBs.

· Observation 2: If we define the propagate channel for interfering UEs as EPA5, there is about 1dB performance difference between one RB and full bandwidth scheduling.

· Proposal 1: If we define full bandwidth scheduling in the demodulation evaluation, we propose to take option 1as the method to check the interference covariance matrix estimation is conducted per TTI per RB.
· Proposal 2: We propose to take the SINR values corresponding to the DIP determination methodologies into account when we determine the MCS of PUSCH transmission, furthermore, different antenna configurations should be define different MCS.

	Nokia Networks
R4-153469
	· Proposal 1:
Assume two interferers are present all the time with full system bandwidth.

· Proposal 2:
The DIP values are fixed for one PUSCH test.

· Proposal 3:
Single PRB can be defined for the desired PUSCH for IRC evaluation.

· Proposal 4:
Use QPSK 1/3 case for desired PUSCH to evaluate IRC gain.

	Huawei, R4-152597
	· Proposal 2: to verify the covariance matrix estimation per TTI per PRB, we propose to considering two alternative solutions:

· Alternative 1: Define the single PRB demodulation performance requirements and the two interferers are transmitted on the same PRB as for the serving UE, except for define the full PRB demodulation performance requirements with full PRB interference transmission.
· Alternative 2: Define the full PRB demodulation performance requirements, and randomly add the different rotate spatial vectors on the interference fading channels PRB by PRB.


Open issues:
· Evaluation cases (which is only for link level evaluation in Phase-I but may not be used for specifying the final requirements)
· Criterion to choose MCS:

· For homogeneous network, the resulted SINR (taking the typical margin into account) should be within [-5, 4]dB (?), which is according to the system simulation results of SINR.
· For heterogeneous network, the resulted SINR (taking the typical margin into account) should be within [-8, 4]dB (?), which is according to the system simulation results of SINR.

· Antenna configurations: 1x2, 1x4 and 1x8
· DIP values

· Test metric:
· Verify the performance with interference covariance matrix estimation per TTI per PRB
· To be discussed in Phase-II for specifying the requirements and in Phase-I evaluate the performance with full PRB allocation.
· Method to be considered to specify the test to verify per TTI and per PRB interference covariance estimation.
· Option a: Define the single PRB performance requirement
· Option b: Specify the full PRB performance requirements with ETU70 for interferers and reference receiver which conducts per-TTI and per-PRB interference covariance estimation.
· E.g., Use EPA5/EVA70 for serving UE and ETU70 for interferer UEs
Tentative agreement for evaluation cases:

	Num
	Company
	PRB allocation/BW
	MCS
	Propagation condition
(Serving, Intf)
	Antenna configuration
	(DIP1, DIP2) dB
	Performance gain over MMSE

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

	
	China Telecom
	50 PRB/10MHz
	[6]
	(EPA5, EPA5)
	1x2 Low
	(-0.43, -13.69)
	

	
	China Telecom
	50 PRB/10MHz
	[14]
	(EPA5, EPA5)
	1x4 Low
	(-1.11, -10.91)
	

	
	China Telecom
	50 PRB/10MHz
	[14]
	(EPA5, EPA5)
	1x4 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[20]
	(EPA5, EPA5)
	1x8 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[6]
	(EVA70, EVA70)
	1x2 Low
	(-0.43, -13.69)
	

	
	China Telecom
	50 PRB/10MHz
	[14]
	(EVA70, EVA70)
	1x4 Low
	(-1.11, -10.91)
	

	
	China Telecom
	50 PRB/10MHz
	[14]
	(EVA70, EVA70)
	1x4 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[20]
	(EVA70, EVA70)
	1x8 Low
	(-0.43, -13.69)
	


Note: For 10 MHz bandwidth, MCS 6 and 20 correspond to QPSK 1/3 and 16QAM 3/4 respectively, which have been used in the exiting PUSCH demodulation tests.
Discussion:
Ericsson: MCS in the table above is 
ZTE: suggest to use MCS#15 for 1x4 tests.

Ericsson:  Test metric should be used. We prefer using ideal simulation results.

Ericsson: suggest using SNR

Huawei/Samsung/ZTE: SINR should be used.
China Telecom: our contribution is based on SNR and considering the difference between SNR and SINR is fixed and we prefer to using SINR there is no big difference. We need to observe SINR/SNR gain.
ALU: do we use SNR for TTI bundling performance.
China Telecom: for TTI bundling performance we use SNR.

Nokia networks: we have to do the comparison for MRC and IRC. If we do not consider the interference, how can we compare the gain.

ZTE: we agreed in the previous criterion to use SINR so if we use SNR for link level simulation how can we compare the results against the criterion?
ALU: whether we should capture two sets of DIP values in the final requirements.
Agreements:
· Criterion to choose MCS (to check whether the required SINR will fall within the SINR range provided below. If not, the tentative MCS provided in the table below will be revisted)
· For homogeneous network, the resulted SINR (taking the typical margin into account) should be within [-5, 4]dB which is according to the system simulation results of SINR.

· For heterogeneous network, the resulted SINR (taking the typical margin into account) should be within [-8, 4]dB, which is according to the system simulation results of SINR.

· Evaluation cases (These cases is just for Phase-I evaluation. For Phase-II, we may down-select the test cases)
	Num
	Company
	PRB allocation/BW
	MCS
	Propagation condition
(Serving, Intf)
	Antenna configuration
	(DIP1, DIP2) dB
	Performance gain over MMSE

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

	
	China Telecom
	50 PRB/10MHz
	[6]
	(EPA5, EPA5)
	1x2 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[15]
	(EPA5, EPA5)
	1x4 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[20]
	(EPA5, EPA5)
	1x8 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[6]
	(EVA70, EVA70)
	1x2 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[15]
	(EVA70, EVA70)
	1x4 Low
	(-0.43, -13.69)
	

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

	
	China Telecom
	50 PRB/10MHz
	[20]
	(EVA70, EVA70)
	1x8 Low
	(-0.43, -13.69)
	


· Test metric: 
· SINR values at 70% relative throughput
· This is just for phase-I evaluation, and when defining the requirements in Phase-II, if the problem was found for using SINR, we could re-visit the test metric.

· Provide the ideal link level simulation results for alignment in the next meeting.

· For Phase-II, we should check the performance with interference covariance matrix estimation per TTI per PRB. The following methods can be considered
· To be discussed in Phase-II for specifying the requirements and in Phase-I evaluate the performance with full PRB allocation.
· Method to be considered to specify the test to verify per TTI and per PRB interference covariance estimation.
· Option a: Define the performance requirements based on single PRB scheduling
· Option b: Specify the full PRB performance requirements with ETU70 for interferers and reference receiver which conducts per-TTI and per-PRB interference covariance estimation.
· E.g., Use EPA5 or EVA70 for serving UE and ETU70 for interferer UEs
· The other options are not precluded.
4.2 Reference reciever
Open issues:
· Is TP on UL-IRC baseline receiver agreeable?
No discussion because the Tdoc is not available.
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