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1 General
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.1
	R4-157440
	pCR
	TR 36.884 V0.2.0: Performance requirements of MMSE-IRC receiver for LTE BS
	China Telecom


Open issues and tentative agreements
· Can we agree with this TR?
Discussion:
Agreements:
This TP was agreed in the main session.
2 Performance evaluation for asynchronous network
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.2
	R4-157441
	Discussion
	System level analysis on BS IRC interference modelling  in asynchronous network
	China Telecom

	7.6.2
	R4-157442
	Discussion
	Link level analysis for BS IRC in asynchronous network
	China Telecom

	7.6.2
	R4-157496
	Discussion
	Further discussion on the performance evaluation for the asynchronous network for BS IRC receiver
	ZTE

	7.6.2
	R4-157579
	Discussion
	Asynchronous IRC simulation results
	Ericsson

	7.6.2
	R4-157685
	Discussion
	Evaluation of BS IRC performance under the asynchronous network
	Huawei

	7.6.2
	R4-157930
	Discussion
	Discussion on UL IRC async cases
	Nokia Networks

	7.6.2
	R4-157333
	Discussion
	Link Level Simulations results for Asynchronous Network
	Samsung


Proposals from companies:
	Companies
	Proposals

	China Telecom R4-157441
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Observation 1: For type-1 TTI, two different UEs are scheduled in two continuous TTIs with 48.5% - 61.1% probability.

Observation 2: For type-2 TTI, two different UEs are scheduled in two continuous TTIs with about 33% probability.

	China Telecom R4-157442
	Observation 1: When using methodology 1, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve significant performance gain (more than 2dB gain for all cases) compared to MMSE receiver.

Observation 2: When using methodology 2, MMSE-IRC performance in asynchronous scenario is very close to that in synchronous scenario.

Observation 3: When using methodology 3, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve considerable performance gain (more than 1.5dB gain for all cases) compared to MMSE receiver.

Observation 4: When using methodology 4, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.

Observation 5: Methodology 2 and 4 are not suitable for asynchronous network interference modeling.
Observation 6: With methodology 1 and 3, different fast-fading channel seeds are used in two continuous TTIs of the interference, and the MMSE-IRC receiver in asynchronous scenario needs to suppress the interference from two different spatial directions. As a result, MMSE-IRC performance in asynchronous scenario is poorer than that in synchronous scenario.
Two proposals are given:
Proposal 1: RAN4 to specify BS MMSE-IRC demodulation requirements for asynchronous network operation.
Proposal 2: Methodology 1 and 3 can be used for asynchronous network interference modeling. Methodology 1 is more preferred since it better reflects the real interference condition.
Table 1: Comparison of the candidate methodologies

Methodology

Number of simultaneous interferers

Power for the interference 
from one neighboring cell

Channel seed for the interference 
from one neighboring cell

#1

1
Different between two continuous TTIs

· DIP 1-1 for the even TTIs

· DIP 1-2 for the odd TTIs

Different between two continuous TTIs [Note]

· One seed for the even TTIs

· Another seed for the odd TTIs

#2

1 for 2Rx,

2 for 4/8Rx

Fixed
Same

#3 (new)

1
Fixed
Different between two continuous TTIs

· One seed for the even TTIs

· Another seed for the odd TTIs

#4 (new)
1
Different between two continuous TTIs

· DIP 1-1 for the even TTIs

· DIP 1-2 for the odd TTIs

Same
Note: 

For the interference from one neighboring cell, totally two channel seeds are used to generate the fast fading, but not to change the channel seed in every TTI. 

· The reason is that, based on the initial discussion with TE vendors, it may be challenging to re-configure the channel seed per TTI. And the fast fading with two different channel seeds may be implemented by one channel emulator or two channel emulators.



	ZTE
	Observation 1: For the modified interference methodology 2, although there is more than 1dB performance degradation for MMSE-IRC receiver in the asynchronous network, excluding the test case 1 in the table 1, there are still more than 2dB throughput gain of MMSE-IRC receiver vs. MMSE receiver for all the other test cases. And based on the past agreements to choose MCS, the simulation results show that the SINR of all the test cases for MMSE-IRC receiver are within the required range. 

Proposal 1: Introduce the performance requirement of MMSE-IRC receiver for asynchronous network in the specification.
Proposal 2: Adopt the modified interference modeling methodology 2 to verify the performance requirement for BS MMSE-IRC receiver in asynchronous network if configuring different channel seeds in different TTIs is feasible for the test equipment. 

Proposal 3: Regarding the test cases for asynchronous scenario, test cases 2, 4 and 6 are enough to cover the different antenna configurations and both the homogeneous and heterogeneous scenarios.

· Option2: Modified Interference modeling methodology 2
· There are the following two differences w.r.t. the synchronous simulation setup

· Model two simultaneous interfering UEs, and the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
· Configured different channel seeds in different TTIs for the fading channel of the two interfering UEs. 

	Ericsson
	We present simulation results as per approved assumptions in [1] for Interference modeling methodology 1 and Interference modeling methodology 2.

The methodology 2 results in a bigger separation (1.3-2.7 dB) when comparing Asynchronous IRC performance with synchronous IRC performance, for the same cases. compared to methodology 1 (0.1-0-6 dB).

	Huawei
	In this contribution, simulation results based on interference model 2 are provided, from these results, we observe that the performance difference between asynchronous network and synchronous network is very small and up to the implementation such as channel estimation.

	Nokia Networks
	Observation 1:
The IRC performance difference between sync network and async network is quite small (0.2dB ~0.6dB), with Methodology 2.


Agreements in the last meeting:
· Consider investigating the performance of asynchronous network as well as synchronous network in the WI.

· Regarding the interference modeling for asynchronous network, two options to be considered in the next meeting:

· Option 1: Modeling of time-varying interference for uplink

· 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

Figure 1: Modeling of time-varying interference

· 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.
·  Homogeneous network: -1.69dB @75%-tile of DIP1-1 CDF; -0.50 @95%-tile of DIP1 CDF DIP 1-2
·  Heterogeneous network -0.85 @75%-tile of DIP1 CDF DIP1-1; -0.12 @95%-tile of DIP1 CDF DIP 1-2;
· As baseline, the transmission of the interference signal is delayed with respect to the desired signal by 0.33 ms.

· Option 2:

· No need to model additional change on interference power and fast fading channel (i.e., just consider certain timing offsets), if there is already sufficient gap between the IRC performances in synchronous and asynchronous networks.

· Reuse the same DIP values for asynchronous network as in the synchronous case, i.e.,

	1x2 Low, Homogeneous network
	(-1.11, N/A)

	1x2 Low, Heterogeneous network
	(-0.43, N/A)

	1x4 Low, Homogeneous network
	(-1.11, -10.91)

	1x4 Low, Heterogeneous network
	(-0.43, -13.78)

	1x8 Low, Homogeneous network
	(-1.11, -10.91)

	1x8 Low, Heterogeneous network
	(-0.43, -13.78)


· Model two simultaneous interfering UEs, and the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.

· 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. 
Summary of interference modelling methodologies:
Table 1: Comparison of the candidate methodologies (CTC)
	Methodology
	Number of simultaneous interferers
	Power for the interference 
from one neighboring cell
	Channel seed for the interference 
from one neighboring cell

	#1
	1
	Different between two continuous TTIs

· DIP 1-1 for the even TTIs

· DIP 1-2 for the odd TTIs
	Different between two continuous TTIs [Note]

· One seed for the even TTIs

· Another seed for the odd TTIs

	#2
	1 for 2Rx,

2 for 4/8Rx
	Fixed
	Same

	#3 (new)
	1
	Fixed
	Different between two continuous TTIs

· One seed for the even TTIs

· Another seed for the odd TTIs

	#4 (new)
	1
	Different between two continuous TTIs

· DIP 1-1 for the even TTIs

· DIP 1-2 for the odd TTIs
	Same

	Note: 

For the interference from one neighbouring cell, totally two channel seeds are used to generate the fast fading, but not to change the channel seed in every TTI. 

· The reason is that, based on the initial discussion with TE vendors, it may be challenging to re-configure the channel seed per TTI. And the fast fading with two different channel seeds may be implemented by one channel emulator or two channel emulators.


Summary of companies’ simulation results

· Methodology 1: 

· CTC: 
· Performance gap between sync IRC and async IRC: 
·  0.9-1.3 dB in HomNet 2/4/8Rx, 1.6-1.9 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
·  2.8 - more than 4dB  in HomNet 2/4/8Rx, more than 3dB in HetNet 2/4/8Rx
· Ericsson: 

· Performance gap between sync IRC and async IRC: 
·  1.3-1.6 dB in HomNet 2/4/8Rx, 1.7-2.7 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
·  1.3-2.7 dB in HomNet 2/4/8Rx, 3.4-8.1 dB in HetNet 2/4/8Rx
· Methodology 2: 

· Performance gap between sync IRC and async IRC
· CTC: 0.1-0.4dB
· ZTE: less than 0.5dB
· Ericsson: 0.1-0.6 dB
· Huawei: 0.1-0.3 dB
· Nokia Networks: 0.2-0.6 dB
· Methodology 3: 

· CTC: 
· Performance gap between sync IRC and async IRC: 
·  1.0-1.6 dB in HomNet 2/4/8Rx, 1.2-2.6 dB in HetNet 2/4/8Rx
· Performance gap between async IRC and async MMSE: 
·  1.6-2.7 dB in HomNet 2/4/8Rx, 2.6 - more than 4dB in HetNet 2/4/8Rx
· ZTE (Modified option 2, two simultaneous interferers with fixed DIPs, and different channel seeds in different TTIs): 
· Performance gap between sync IRC and async IRC: 
·  More than 1dB in HomNet and HetNet
· Performance gap between async IRC and async MMSE: 
·  More than 2dB for all cases except one case (2Rx in HomNet)
· Methodology 4: 

· CTC: 
· Performance gap between sync IRC and async IRC: 0.1-0.5dB
Observations from companies’ results: 

· When using methodology 2 and 4, MMSE-IRC performance in asynchronous scenario is similar or slightly poorer compared to that in synchronous scenario.
· When using methodology 1 and 3, MMSE-IRC performance in asynchronous scenario is worse than that in synchronous scenario, and in asynchronous scenario MMSE-IRC receiver can achieve obvious performance gain compared to MMSE receiver.
· In such cases, different fast-fading channel seeds are used in two continuous TTIs of the interference, and the MMSE-IRC receiver in asynchronous scenario needs to suppress the interference from two different spatial directions.

Open issues:
· Interference model:
· Option 1: (supported by China Telecom)
· China Telecom: The fast fading with two different channel seeds can be implemented by one channel emulator or two channel emulators. 
· Option 2: (supported by Huawei)
· China Telecom: Option 2 is not suitable because the performance under async is close to that under sync

· Modified Option 2: (supported by ZTE)

· Model two simultaneous interfering UEs, and the transmissions from the first/second dominant interfering UE is delayed with respect to the desired UE by 0.33/0.67 ms.
· Configured different channel seeds in different TTIs for the fading channel of the two interfering UEs.
· China Telecom: Based on the discussion with TE vendors, it is challenging to re-configure the channel seed per TTI. 

· Option 3 (New proposal from China Telecom):

· Number of simultaneous interferers: 1

· Power for the interference from one neighbouring cell: fixed;

· Channel seed for the interference from one neighbouring cell: Different between two continuous TTIs

· One seed for the even TTIs

· Another seed for the odd TTIs
· Can we agree that RAN4 should specify the BS MMSE-IRC demodulation performance requirements for asynchronous network operation? 
· Yes (Supported by China Telecom, ZTE)
· Test cases for async scenarios:
· Keep the baseline agreed in the last meeting: For each antenna configuration, introduce one simulation case for asynchronous homogeneous scenario and one simulation case for asynchronous heterogeneous scenario. (CTC)
· Select the test cases of 2, 4 and 6 (corresponding to heterogeneous scenario) are enough. (ZTE)
· Simulation output for methodology 1 (if methodology 1 is considered as one of the candidate methodologies):

· Throughput v.s. SNR
· Throughput v.s. SINR (the interference power and the resulted SINR is different between two continuous TTIs.)
Discussion:
Nokia networks: what means option 1.

Chair: Option 1 = Methodology 1.

ZTE: we prefer option 3 (methodology 3)

Nokia networks: prefer option 2 (Methodology 2)

Ericsson: we only evaluate the option 1 and option 2 in this meeting.

ZTE: Option 3 is the simplified version of Option 1. China Telecom prefer using Option 1 (methodology 1). All the option 3 and option 4 are based on previous agreements.
ZTE: the decision should be made in the next meeting.

Chair: 1) Keep four options and select one of them in the next meeting. 2) Narrow down to one in this meeting.

ALU: What is the goal for further evaluation?

Nokia networks: support ALU and need clarification on the test goal.

ALU: We should take look at the performance under the worst case.

Nokia networks: in the last meeting, we agreed to evaluate the aync rather than test. In this meeting, we need discussion on what test should be used.
Chair: since the next meeting is deadline, can we keep the four options open and make decision next meeting.

ZTE: want to narrow down.
ZTE: propose to narrow down to option 1 and option 3.
Nokia networks: Add option 2.

Agreements:
· Interference model: 
· Keep Option 1, Option 2 and Option3 open and make decision next meeting, 
· Have further evaluations based on Option 1, Option2 and Option 3 on whether the asynchronous test is agreed to be introduced.
· Test cases for async scenarios:

· Down-selection should be discussed in the next meeting.

· Simulation output for Option1 evaluation:

· Throughput v.s. SNR

· Simulation output for evaluation of other Options:

· Throughput v.s. SINR

3 BS demodulation performance under synchronous network: Phase-II simulation
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.3
	R4-157443
	Information
	Summary of BS IRC phase-II results for synchronous network
	China Telecom

	7.6.3
	R4-157332
	Discussion
	Updated Phase-II Link Level Simulations Results for Synchronous Network
	Samsung

	7.6.3
	R4-157444
	Discussion
	BS IRC phase-II alignment results for synchronous network

	China Telecom

	7.6.3
	R4-157497
	Discussion
	The Phase-II link level simulation results for LTE BS MMSE-IRC receiver
	ZTE

	7.6.3
	R4-157578
	Discussion
	Phase II Synchronous Ideal Link level simulation results
	Ericsson

	7.6.3
	R4-157683
	Discussion
	Phase-II simulation results
	Huawei

	7.6.3
	R4-157929
	Discussion
	Phase-II UL IRC simulation results
	Nokia Networks

	7.6.3
	R4-157198
	Discussion
	Phase II Link Level Simulation Results for BS MMSE-IRC Receiver
	Alcatel-Lucent

	7.6.3
	R4-157684
	Approval
	TP: summary of phase-II simulation results
	Huawei


Open issues:
· China Telecom provide the summary of simulation results for Phase-II evaluation
· The summary captures companies’ alignment results for: 
· The required SINR values with MMSE-IRC receiver for all six bandwidth, and 
· The MMSE-IRC/MMSE throughput v.s. SINR curves for 10MHz bandwidth (for calibration purpose)

· For most of the cases, the simulation results are aligned well; and more than 2dB span is observed for 3 simulation cases. 
· Shall we double check the simulator and re-calibrate the results in the next meeting?
· Can we agree to use TP R4-157684 to capture the simulation assumptions and simulation results into the TR; or, revise the TP to capture the simulation assumptions only in this meeting?
Discussion:
Agreements:
4 Conformance test
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.4
	· R4-15 use TP R4-157684 to capture the simulation assumptions and simulation results into the TR
7445
	Discussion
	Conformance tests for BS MMSE-IRC receiver
	China Telecom


Proposals from companies:
	Companies
	Proposals

	China Telecom
	Proposal 1: The enhanced demodulation performance requirements in this WI apply to the base station capable of MMSE-IRC receiver.

Proposal 2:

· The synchronous network tests should be applicable for both FDD and TDD. Case #7, 9, 11 (corresponding to homogeneous scenario) are applicable for wide area BS and medium range BS, and case #2, 4, 6 (corresponding to heterogeneous scenario) are applicable for all the 4 classes of BSs.

· If it is agreed to introduce BS IRC tests for asynchronous network as well, these tests should be applicable for FDD only.

Proposal 3: Considering the channel bandwidth, re-use the existing PUSCH test applicability for BS IRC tests. More specifically,
· A test for a specific channel bandwidth is only applicable if the BS supports it.

· For a BS supporting multiple channel bandwidths and not supporting carrier aggregation only the tests for the lowest and the highest channel bandwidths supported by the BS are applicable.

· For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. 

Proposal 4: Test tolerance is proposed to be 0.6 dB.


Open issues:
· Applicability of new BS MMSE-IRC performance requirements
· New tests are applicable to MMSE-IRC capable BS;

· Duplex mode:

· The synchronous network tests should be applicable for both FDD and TDD. Case #7, 9, 11 (corresponding to homogeneous scenario) are applicable for wide area BS and medium range BS, and case #2, 4, 6 (corresponding to heterogeneous scenario) are applicable for all the 4 classes of BSs.

· If it is agreed to introduce BS IRC tests for asynchronous network as well, these tests should be applicable for FDD only.

· Bandwidth
· A test for a specific channel bandwidth is only applicable if the BS supports it.

· For a BS supporting multiple channel bandwidths and not supporting carrier aggregation only the tests for the lowest and the highest channel bandwidths supported by the BS are applicable.

· For a BS supporting carrier aggregation only the CC combination with largest aggregated bandwidth and the largest number of component carriers is used for the test. 
· Test tolerance:
· 0.6dB
Discussion:
Agreements:
· Applicability rule with respect to Bandwidth 
· A test for a specific channel bandwidth is only applicable if the BS supports it.

· For a BS supporting multiple channel bandwidths and not supporting carrier aggregation only the tests for the lowest and the highest channel bandwidths supported by the BS are applicable.

· Duplex mode:

· The synchronous network tests should be applicable for both FDD and TDD. 

· If it is agreed to introduce BS IRC tests for asynchronous network as well, these tests should be applicable for FDD only.
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