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1 General
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6
	R4-154294
	pCR
	TR 36.884 V0.1.0: Performance requirements of MMSE-IRC receiver for LTE BS
	China Telecom

	7.6
	R4-154295
	approval
	Work plan on performance requirements of MMSE-IRC receiver for LTE BS (version 2)
	China Telecom


Proposals from companies:
	Companies
	Proposals

	China Telecom
	Proposal 4: In parallel to the work on requirements for synchronous network, conduct investigations on the need of requirements for asynchronous network.

Proposal 5: Agree on the phase II work plan for SIMO PUSCH under synchronous network in Table 2.

Proposal 6: Agree on the phase II work plan for SIMO PUSCH under asynchronous network in Table 3.


Table 2
Phase II work plan for SIMO PUSCH under synchronous network

	
	Link simulation assumption
	Link simulation results
	Performance requirements set
	Conformance tests
	CRs

	RAN4 #76
(Aug 2015)
	Discussion and way forward
	
	
	
	

	RAN4 #76bis
(Oct 2015)
	Simulation assumptions agreed
	
	Discussion and way forward
	
	

	RAN4 #77
(Nov 2015)
	Update if needed
	Collect initial simulation results
	Further discussion and way forward
	Initial discussion
	

	RAN4 #78
(Feb 2016)
	
	Collect updated ideal simulation results
	Finalization
	Further discussion and agreement
	CR drafts

	RAN4 #78bis
(Apr 2016)
	 
	Collect updated ideal results and impairment results
	
	
	CRs approved


Table 3
Phase II work plan for SIMO PUSCH under asynchronous network

	
	Scenario and interference profiles by system simulation
	Link simulation assumption
	Link simulation results
	Performance requirements set
	Conformance tests
	CRs

	RAN4 #76
(Aug 2015)
	Discussion and way forward on target scenarios
	
	
	
	
	

	RAN4 #76bis
(Oct 2015)
	Collect system simulation results, and agree on baseline interference profiles
	Agree on baseline assumptions
	
	
	
	

	RAN4 #77
(Nov 2015)
	Update interference profiles if needed
	Update if needed
	Collect initial simulation results
	Decision on the need of specifying  requirements for asynchronous network
	Initial discussion
	

	RAN4 #78
(Feb 2016) (Note)
	
	
	Collect updated ideal simulation results
	Finalization
	Further discussion and agreement
	CR drafts

	RAN4 #78bis
(Apr 2016)

(Note)
	
	
	Collect updated ideal results and impairment results
	
	
	CRs approved


Open issues and tentative agreements
· The phase II work plan under the synchronous network is agreeable to the group.
Table 2
Phase II work plan for SIMO PUSCH under synchronous network

	
	Link simulation assumption
	Link simulation results
	Performance requirements set
	Conformance tests
	CRs

	RAN4 #76
(Aug 2015)
	Discussion and way forward
	
	
	
	

	RAN4 #76bis
(Oct 2015)
	Simulation assumptions agreed
	
	Discussion and way forward
	
	

	RAN4 #77
(Nov 2015)
	Update if needed
	Collect initial simulation results
	Further discussion and way forward
	Initial discussion
	

	RAN4 #78
(Feb 2016)
	
	Collect updated ideal simulation results
	Finalization
	Further discussion and agreement
	CR drafts

	RAN4 #78bis
(Apr 2016)
	 
	Collect updated ideal results and impairment results
	
	
	CRs approved


· Can we agree the phase II work plan under the asynchronous network?
Agreements:
· The phase II work plan under the synchronous network is agreeable to the group.
Table 2
Phase II work plan for SIMO PUSCH under synchronous network

	
	Link simulation assumption
	Link simulation results
	Performance requirements set
	Conformance tests
	CRs

	RAN4 #76
(Aug 2015)
	Discussion and way forward
	
	
	
	

	RAN4 #76bis
(Oct 2015)
	Simulation assumptions agreed
	
	Discussion and way forward
	
	

	RAN4 #77
(Nov 2015)
	Update if needed
	Collect initial simulation results
	Further discussion and way forward
	Initial discussion
	

	RAN4 #78
(Feb 2016)
	
	Collect updated ideal simulation results
	Finalization
	Further discussion and agreement
	CR drafts

	RAN4 #78bis
(Apr 2016)
	 
	Collect updated ideal results and impairment results
	
	
	CRs approved


2 Deployment scenarios
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.1
	R4-154296
	pCR
	TR 36.884 V0.1.0: Performance requirements of MMSE-IRC receiver for LTE BS
	China Telecom

	7.6.1
	R4-155168
	Approval
	WF on BS MMSE-IRC receiver
	China Telecom, NTT DoCoMo, Telecom Italia, ZTE, Samsung


Proposals from companies:
	Companies
	Proposals

	China Telecom
	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.


Open issues:
· Can we conduct the investigation on the need of requirements for asynchronous network?
China Telecom provides the way forward for asynchronous network evaluation (R4-155168_Draft).
· Proposal 1: 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. 
· Proposal 2: The following will not be considered in BS MMSE-IRC WI.

· PUSCH with 2Tx MIMO

· PUCCH with various formats

Discussion:
Ericsson: If we agree with this way forward, it means we disagree with the previous way forward.
China Telecom: Could Ericsson clarify why we disagree with the previous way forward. In previous one, we only de-prioritize the work for async.
ZTE: Agree with China Telecom. WE just prioritize the sync network and async work is still in the scope. Since we have time, we can do the work.

Ericsson: It would be nice to report to RAN plenary that we are ahead of the schedule. We are aware that the async work is not in high priority. If we approve this way, do we approve the sync work simultaneously? And we should re-consider the time schedule.

NTT DoCoMo: Prioritize does not mean to preclude the other one. We will not mean that it disagree the previous.

Ericsson: I am not questioning the way forward. If we approve the way forward, does it mean that we replace the previous work plan?
NTT DoCoMo: we do not mean to replace instead we suggest parallel discussion.

ZTE: We are not ahead of the schedule. The work can include the async work. For the work plan, in my understanding, if we agree with the way forward, we can change the work plan table. Anyway we can evaluate feasibility to specify the requirements.
China Telecom: Firstly, in the work plan agreed the work plan for phase-I was included. But in this table we provide the phase-II work plan, which does not conflict with the previous one. We can go with the async work plan. But how to proceed the work, maybe we can firstly agree with the high level proposal and then in the next meeting we discuss the work plan in details.
NN: Originally, we propose to have the SI first. And finally phase-I is like SI. And in WI, we should define the requirements that is studied in the phase-I. I do not see the strong need to study the async work.
China Telecom: Phase-I study the gain. The conclusion is about the gain and does not preclude the study for async. There are many work item with the larger scope than SI.
Chair: What should we do for the async network study.

China Telelcom: we need think about it. We will provide more evaluation to justify whether we need the system simulation.

ZTE: We do not think the system level simulation is needed. It is very hard to model the async in the system level simulation. WE prefer to only do the link level simulation.
China Telecom: we can decide whether to use the system level in the next meeting.

Agreements:
· Companies can provide the asynchronous network analysis for further study.
3 Link level simulations for Phase-I evaluation
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.3
	R4-154234
	Approval
	TP on summary of link level simualtion results
	Huawei

	7.6.3
	R4-154297
	Approval
	Summary of phase-I link level simulation results for BS MMSE-IRC receiver
	China Telecom

	7.6.3
	R4-154105
	Discussion
	Analysis on LL simulation results for BS-IRC performance
	Nokia Networks

	7.6.3
	R4-154235
	Discussion
	Link level simulation results
	Huawei

	7.6.3
	R4-154298
	Discussion
	Phase-I link level simulation results for BS MMSE-IRC receiver
	China Telecom

	7.6.3
	R4-154300
	Discussion
	Considerations on BS MMSE-IRC robustness test
	China Telecom

	7.6.3
	R4-154441
	Discussion
	Performance Evaluation of MMSE-IRC Algorithm for LTE Base station Receiving
	Samsung

	7.6.3
	R4-154619
	Discussion
	Ideal link level simulation results
	Ericsson

	7.6.3
	R4-154709
	Discussion
	The initial ideal link level simulation results for LTE BS MMSE-IRC Receiver
	ZTE

	7.6.3
	R4-155039
	Discussion
	Link Level Simulation Results
	Alcatel-Lucent


Open issues:
· China Telecom provide the summary of simulation results for Phase-I evaluation (R4-154297).
· Can we agree to use R4-154234 to capture the simulation results and the conclusions for Phase-I evaluation.
Discussion:
Agreements:
Postpone the approval of revised R4-154234 to the next meeting to capture the revised simulation results.
4 Test parameters for BS requirements: Phase-II work
Related contribution list:

	Agenda
	Tdoc number
	Type
	Title
	Source

	7.6.3
	R4-154104
	Discussion
	Link level simulation results for BS IRC
	Nokia Networks

	7.6.3
	R4-154236
	Discussion
	Discussion on the BS MMSE-IRC requirements
	Huawei

	7.6.3
	R4-154299
	Discussion
	Phase-II link level simulation assumptions for synchronous test scenario
	China Telecom

	7.6.3
	R4-154619
	Discussion
	Ideal link level simulation results
	Ericsson

	7.6.3
	R4-154710
	Discussion
	Discussion on how to check the interference covariance matrix estimation is conducted per TTI per RB
	ZTE


Proposals from companies:
	Companies
	Proposals

	Nokia Networks R4-154104
	Some IRC gains are expected for “cell-edge” UEs with low SINR but relatively higher DIP1, however, system-level gain of IRC is not clear.  

The theoretical maximum IRC gains are 8.4 dB and 12.8 dB for homogeneous network and het-net scenarios, respectively.

This is little performance difference between interfering EVA70 and interfering ETU70 channels, based on our implementation.

	Huawei R4-154236
	Proposal 1: it is proposed to use Option b, i.e., Specify the full PRB performance requirements with ETU70 for interferers and reference receiver which conducts per-TTI and per-PRB interference covariance estimation, as the baseline method to verify the functionality of per-TTI and per-PRB interference estimation.

Proposal 2: For the BS MMSE-IRC requirements, we propose considering the following setups:

· Interference set (DIP1, DIP2) = (-1.11, -10.91);

· Prefer EVA70 but need further discussion by investigating the performance under the ETU70 interfernce;

· Define the requirements for all the existing combinations of MCS-es and antenna configurations;

· Define the requirements for all the available system bandwidths.

	China Telecom R4-154299
	Observation 1-1: When single PRB allocation is configured, the MMSE-IRC performance with per PRB covariance estimation can be verified, but the BS behavior for demodulating PUSCH with more than one PRB cannot be checked.
Observation 1-2: When full PRB allocation and ETU70 interfering channel are configured,

· Obvious performance gap exists for MMSE-IRC with different numbers of PRBs for interference covariance estimation.

· For 2Rx and 4Rx cases, the best MMSE-IRC performance is achieved by using 1PRB covariance estimation.

· For 8Rx cases, the best MMSE-IRC performance is achieved by using 2PRB covariance estimation. 

Proposal 1: To check the per-PRB covariance estimation, specify the full PRB performance requirements with ETU channel for interferers.

· For cases with EPA5 as serving channel, use ETU5 or ETU70 for the interfering channel.

· For cases with EVA70 as serving channel, use ETU70 for the interfering channel.

Observation 2: 

· The MMSE performance is almost the same for 1 and 2 interferers. Better MMSE-IRC performance is achieved for 2 interferers compared to 1 interferer.

· When the interferer number is increased from 1 to 2, 

· 0.45~0.58 dB additional IRC gain is observed for 2Rx HomNet cases, and the additional gain for 2Rx HetNet cases is not obvious.

· 0.67~0.87 dB additional IRC gain is observed for 4Rx HomNet cases, and 0.92 dB additional IRC gain is observed for 4Rx HetNet cases.

· 1.00~1.24 dB additional IRC gain is observed for 8Rx HomNet cases, and 1.49~1.54 dB additional IRC gain is observed for 8Rx HetNet cases.

Proposal 2: As baseline, model 1 explicit interferer for 2Rx cases and 2 explicit interferers for 4Rx/8Rx cases.

Observation 3: Based on our phase-I link simulation results, the resulted SINR with the tentatively agreed MCS would fall within the target SINR range. 

Proposal 3: Keep the tentatively agreed MCS, and re-check whether the MCS selection criterion can be satisfied when we get phase-II link results.

	China Telecom R4-154300
	Observation: Based on our BS receiver algorithm, 

· For 2Rx, IRC performance is similar to MMSE under low DIP and noise only scenarios.

· For 8Rx, IRC performance is similar to MMSE under low DIP scenario, and obvious IRC performance degradation is seen for noise only scenario.

	ZTE R4-154709
	We can observe from Table 3 that the resulted SINR would obviously fall within the SINR range agreed for homogeneous and heterogeneous network after adding the margin. Therefore the MCS adopted in Table 2 are suitable and no need to be revisited.

	ZTE R4-154710
	Observation 1: Regarding the option b with 2Rx antenna configuration in the homogeneous scenario, the performance of one RB is obviously better than the performance based on more than 24RBs and MMSE baseline receiver, furthermore the SINR improvements are more than 2dB. And there is about 1.3dB performance improvement for one RB estimation compare with the 6RBs and 12RBs cases. 

Observation 2: Regarding the option b with 2Rx or 4Rx antenna configuration in the heterogeneous scenario, the performance of estimation based on one RB is obviously better than the performance based on more than 6RBs and MMSE baseline receiver, and the SINR improvements are more than 2dB.

Observation 3: The performance improvement of MMSE-IRC receiver for one RB scheduling over MMSE baseline receiver is less than the full bandwidth scheduling. Even if we test the BS performance requirement for one RB scheduling, we cannot guarantee that the interference covariance matrix estimation is conducted per TTI per RB.

Proposal 1: We propose to define the test cases in table 1 to check the interference covariance matrix estimation is conducted per TTI per RB.

Num
PRB allocation/BW
MCS
Propagation condition

(Serving, Intf)
Antenna configuration
(DIP1, DIP2) dB

Performance gain over MMSE

1

50 PRB/10MHz

[6]

(EPA5, ETU70)
1x2 Low
(-1.11, -10.91)

More than 3dB

2

50 PRB/10MHz

[6]

(EPA5, ETU70)
1x2 Low

(-0.43, -13.69)

More than 5dB

3

50 PRB/10MHz

[14]

(EPA5, ETU70)
1x4 Low

(-0.43, -13.69)

More than 7dB




Open issues:
· Test parameters for the BS MMSE-IRC demodulation performance requirements:
· The method to verify the 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.
· Propagation conditions for interference signal:
· Option 1: EVA70;
· Option 2: ETU70;
· Option 3: For cases with EPA5 as serving channel, use ETU5 or ETU70 for the interfering channel;
· Option 3a: If the serving channel is EPA5, use ETU5 for the interfering channel;
· Option 4: If the serving channel is EVA70, use ETU70 for the interfering channel.
· Option 5: EPA5 for serving UE and ETU70 for the interference signal.
· Interference set:
· Option 1: (DIP1, DIP2) = (-1.11, -10.91);
· Keep (DIP1, DIP2) = (-1.11, -10.91) and  (DIP1, DIP2) = (-0.43, -13.78) and further discuss whether we should down-select in the next meeting.
· How to select the DIP set for the conformance test and define the applicability rule is FFS.
· MCS:
· Keep all the existing combinations of MCS-es and antenna configurations
· System bandwidths
· 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz;
· Robust test:

· Whether the new robust test is needed
Table 1: Common parameters of BS MMSE-IRC requirements
	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


Table 2: Test cases of BS MMSE-IRC requirements
	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)


Discussion:
Ericsson: for the conformance test we should dsicuss how to select the test case. Maybe consider one Hetnet and one homo test case.

NN: we propose to pick one of them.

NN: if we pick one DIP set or we pick one propagation condition for serving UE, we can cut down half of the test cases.
China: how to down-select is related to the decision on the async tests. We should consider the potential total number of test cases.
Samsung: why we should use different number of interferers for different test cases.
China Telecom: based on the evaluation for 2Rx the performance with 1 interferers is similar to the performance with 2 interferers.

ZTE: We need more consideration on this. DIP 1 values in the two sets are very different.

China Telecom: for 4Rx, 0.5dB additional gain is observed if we model two interferers compared to 1 interferers.
Ericsson: I wonder what is the next step. If we transfer the phase-II into requirements. The simulations here, shall we use the assumptions for ideal simulation campaign or we just need to provide the impairment results?
NN: we change the interference propagation condition, we need the alignment campaign. 
Ericsson: then we need the ideal results again.
CTC: we may need to consider the down-selection. We should 
Agreements:
· The method to verify the per-TTI and per-PRB interference covariance estimation

· 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.
· Propagation conditions for interference signal:

· Option 3a: If the serving channel is EPA5, use ETU5 for the interfering channel;
· Option 4: If the serving channel is EVA70, use ETU70 for the interfering channel.
· Interference set:

· Keep (DIP1, DIP2) = (-1.11, -10.91) and  (DIP1, DIP2) = (-0.43, -13.78) and further discuss whether we should down-select in the next meeting.

· How to select the DIP set for the conformance test and define the applicability rule is FFS.

· System bandwidths

· 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, 20MHz;
· Interference number:

· Model [1] interferer for 2Rx test cases;

· For 1 interferer case, we only pick DIP1 value as DIP value for evaluation.

· Model [2] interferers for 4Rx and 8Rx test cases
· Based on the agreement of the propagation conditions for interferers, companies need to provide the ideal results for alignment.
· DMRS bases sequence:

· Use the different base sequences for serving UE and interference UEs.

