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1 Introduction

The performance phase starts from this meeting with the goal to set up proper performance requirements to fulfil the objectives defined in the WID from [1] as following. 
Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs. 
In this contribution we discuss different test purposes under NAICS WI in order to have good test coverage.
2 NAICS gain
Under NAICS WI the receiver performance is improved by the interference suppression or cancellation technology so it’s important to achieve certain NAICS gain when NAICS signalling are present. With the purpose of guaranteeing certain NAICS gain with NAICS receivers it’s required certain enough gain such as bigger than 1.5dB can be achieved comparing to baseline IRC receivers. 
Observation 1: In order to define proper performance requirement, NAICS receiver should provide sufficient gain, i.e.bigger than 1.5dB with respect to baseline LMMSE-IRC receiver.
Then it’s linked to which candidate receivers that should be considered in order to achieve that much enough gain and in the meanwhile also tatget a unified performance requirement as required from the WID.
In order to achieve the “unified performance requirement” it’s recommended to use the same methodology to define performance requirement as used for SU-MIMO WI which is agreed in [13] as following.

· RAN4 consider to take both R-ML and CWIC receiver as the candidate receiver for SU-MIMO.

· RAN4 consider to define demodulation test of SU-MIMO based on the minimum performance of the above candidate receivers.

· For each demodulation test there will be a single requirement which is based on R-ML receiver.

· If the performance of CWIC is found to be worse than R-ML, then requirement will be based on CWIC receiver for the agreed test cases.

So basically we can take all evaluated receivers including R-ML, SLIC and E-IRC as the candidate receivers for NAICS but when defining the demodulation tests we base the requirement on the minimum performance of the above candidate receivers which can be E-IRC.

Observation 2: SU-MIMO WI has used a methodology to achieve “unified performance requirement” which defines demodulation test based on the minimum performance of all the candidate receivers. This approach can be reused in NAICS WI.

With such methodology first the unified performance requirement can be achieved. Secondly all the candidate receivers can still be evaluated well during the performance phase. Furthermore, UEs with more advanced receiver such as R-ML can still benchmark with much better performance than the minimum performance.

Observation 3: The advantage of defining tests based on minimum performance of all candidate receivers are 1) all candicate receivers will be evaluated and aligned. 2) UEs with more advanced receiver such as R-ML can still provide much better performance than the minimum performance. 3) The unified performance requirement required from WID can be achieved.

Proposal 1: Use same methodology from SU-MIMO to define demodulation test based on the minimum performance of all the candidate receivers in order to achieve “unified performance requirement”.
Based on all the studies made on NAICS it seems E-IRC receiver gives the minimum performance among all candidate receivers. But E-IRC also has its own advantage, the lowest complexity. It’s analysed in [5] from complexity point of view for ML receiver the complexity of supporting 4 CRS AP can be reduced to 2.8 times of supporting 2 CRS AP. For covariance estimation based receivers such like SLIC and E-IRC the complexity of supporting 4 CRS AP is at most 1.6 times of supporting 2 CRS AP. Furthermore E-IRC can have less complexity without the cancellation operations comparing to SLIC and in the meanwhile it can achieve more robust BD. 
Also as shown in [5] from system level there is no performance difference seen between E-IRC and SLIC for both CRS-based TM and DM-RS based TM test scenarios.

Observation 4: E-IRC receiver gives best possibility to support 4 CRS AP with the least complexity.
Observation 5: From system level there is no performance difference seen between E-IRC and SLIC for both CRS-based TM and DM-RS based TM test scenarios.

Proposal 2: Define test with 4 CRS AP with E-IRC receiver as minimum performance under the test purpose of achieving certain NAICS gain.
Also as proposed in [14] it’s recommended to take the support of 4 CRS AP by NAICS receivers as one separated UE capability under NAICS so only UEs with 4 CRS AP capability needs to pass the tests defined for 4 CRS AP.

Proposal 3: Define supporting of 4 CRS AP in NAICS as a separated UE capability so only 4 CRS AP capable NAICS UEs need to pass the tests defined for 4 CRS AP.
According to our studies in [7] and [8] the following scenarios can be considered to be defined as tests to check certain NAICS gain. As pointed out in [3] some frequency and timing offsets should be considered when modelling the NC interferer. Also the PDCCH should be considered as real configuration instead of OCNG and the PDSCH should depend on a successful PDCCH decoding as discussed in [4]. Furthermore as analysed in [2] the CSI-RS exacte configuration ignorance should be considered in the BD, so certain reasonable CSI-RS configurations should be defined in the tests.
Proposal 4: Define the following test scenarios under the purpose of NAICS gain.
Table 1 Proposed test list under test purpose of NAICS gain
	Test
	geometry level
	RU
	I1/No@
	TM
	CRS AP
	MCS
	RI
	CRS status

	1
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,2,2]
	[5,5,5]
	[1,1,1]
	Colliding

	2
	5-25%
	40%
	50%tile
	[4,4,4]
	[4,4,4]
	[5,5,5]
	[1,1,1]
	Colliding

	3
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,4,2]
	[5,5,5]
	[1,1,1]
	Colliding

	4
	5-25%
	40%
	50%tile
	[4,9,9]
	[2,2,2]
	[5,5,5]
	[1,1,1]
	Colliding

	Note 1: All tests should be configured with frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC.

Note 2: All tests should be configured with real PDCCH instead of OCNG and the PDSCH is depending on a successful PDCCH decoding.

Note 3: For all tests with TM4 on NC1 CSI-RS configuration (configuration 2) is configured. For all tests with TM9 on NC 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are configured.


3 Fallback capability with minimum IRC performance
To “Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios” is required from the WID and we understand it as a dynamic behavior which means under all scenarios with or without NAICS signaling there shouldn’t be any performance loss compared to LMMSE-IRC in every subframe. In order to achieve this goal it’s necessary for the UE to have the dual decoding capability to make sure the performance can actually fall back to IRC performance to guarantee no performance loss in every subframe.
Observation 6: It’s required to ensure no performance loss compared to LMMSE-IRC receiver in every subframe dynamically under all interference scenarios.

Observation 7: It’s necessary from the UE side to have the dual decoding capability to make sure the performance can actually fall back to IRC performance to guarantee no performance loss in every subframe.
However there are different understandings from the group if the UE could afford the dual decoding capability or not considering the complexity and power cost. Actually when we talk about features with HW and/or SW preparation in Rel-12 timeframe it can be taken as a reasonable assumption to assume that the Rel-12 UEs have the capability to support 3 DL CA with the baseline IRC receiver so with NAICS receiver at least in one carrier the dual decoding can be considered as affordable from UE complexity point of view with reasonable level of complexity and hence it can be taken as a practical assumption. Further, typical NAICS scenarios use rank 1 transmission in SC, due to strong interference, and a typical NAICS UE should at least be able to support rank 2 for low interference scenarios, therefore there will still be turbo decoding capacity left in a NAICS operating UE to support dual decoding.
Observation 8: Dual decoding (one NAICS decoding and one IRC decoding) in at least one carrier should be considered as the baseline assumption for NAICS receiver in the context of Rel-12, considering the LTE capability of supporting 3 DL carrier in Rel-12.
Proposal 5: Dual decoding capability should be guaranteed to make sure the UE can actually fall back to IRC performance to ensure no performance loss in every subframe.
The dual decoding is a general understanding of UE implementation and there are many ways to implement it. One practical assumption is for example to always perform IRC receiver first and if the IRC receiver gets an ACK then there is no need to perform NAICS receiver and only when it gets a NACK the NAICS receiver will be performed as a second attempt for the decoding. But such UE implementation can never be mandated from RAN4. Instead we could design certain tests to make sure such feature can be properly implemented, i.e. to make sure that there is no performance loss compared to IRC receiver.
From our studies we observe that there are scenarios such that the BD and PDSCH IC perform worse than the baseline IRC receiver. Hence, it seems appropriate to consider such scenarios for the test purpose to ensure minimum performance as IRC as [9].
Another case is about the X2 signaling related to RAN3 discussion [15] where NAICS signaling could refer to a stale scenario/configuration which might be due to the backhaul delays and possible constraints on signaling frequency in time a neighbor eNB receiving NAICS information over X2 should not assume that this information refer to the current status of the sending eNB as pointed out in [11]. In order to address this issue we suggest RAN4 defines performance tests when the NAICS signaling doesn’t reflect the actual scenario in order to test the UE capability to fall back to minimum performance as of IRC receiver.
Proposal 6: Define the following test scenarios under the purpose of fallback capability with minimum IRC performance.
Table 2 Proposed test list under test purpose of fallback capability with minimum IRC performance
	Test
	geometry level
	RU
	I1/No@
	TM
	CRS AP
	MCS
	RI
	CRS status

	1
	5-25%
	40%
	50%tile
	[9,9,9]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Colliding

	2
	5-25%
	40%
	50%tile
	[9,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Colliding

	3
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Non-colliding

	4
	5-25%
	40%
	50%tile
	[9,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Non-colliding

	
	Note 1: Test 4 is with incorrect NAICS signalling eg. TM=[4,4,4], cell id with colliding CRS and incorrect Pa, Pb values, etc.

	Note 2: All tests should be configured with frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC.

Note 3: All tests should be configured with real PDCCH instead of OCNG and the PDSCH is depending on a successful PDCCH decoding.

Note 4: For all tests with TM4 on NC1 CSI-RS configuration (configuration 2) is configured. For all tests with TM9 on NC 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are configured.


4 BD capability and granularity as 1 PRB pair
The scope of BD as stated in [2] should include joint blind detection of Modulation order, PMI, RI, PDSCH presence, Pa values, PDSCH start, TM, CSI-RS ignorance and the strongest interferer based on CRS-based RSRP measurements. The TM signalling should be clarified by RAN1 as proposed in [12]. In order to ensure all the parameters above can be blindly detected properly certain tests are needed here.
Proposal 7: The joint blind detection should include Modulation order, PMI, RI, PDSCH presence, Pa values, PDSCH start, TM, CSI-RS ignorance and the strongest interferer based on CRS-based RSRP measurements.

It has been agreed the working assumption for BD should be based on the granularity as 1 PRB pair. However as analyzed in [3] the current phase 1 scenario with fixed interference model can’t really ensure the BD capability and the BD granularity as 1 PRB pair. The interference model proposed in [3] is to use randomized Modulation order, PMI, RI, and PDSCH presence on every PRB pair so the bursty model is not needed to verify the BD of PDSCH presence. Furthermore, the random PDSCH start for NC should be also included in the test under this purpose.
Proposal 8: Define one test with the configuration as Table 3 to fulfil the test purpose of verifying BD capability and the minimum BD granularity as one PRB pair.
Table 3 Test for purpose of verifying BD capability and the minimum BD granularity as one PRB pair
	Parameters
	Settings per PRB pair

	SC FRC
	MCS=5 with rank 1

	CRS AP
	[2, 2, 2] for SC and 2 NC

	TM
	[4, 4, 4] for SC and 2 NC

	Mod
	QPSK, 16QAM, 64QAM with 1/3 probability on each

	PMI
	Randomly changing

	RI
	Same as Phase 2 with 60% rank1 and 40% rank 2

	PDSCH presence
	95%

	PDSCH start
	Randomly changing from 1, 2, 3 on NC


5 CRS-IC capability
As analysed in [6] there is no need to separate CRS-IC capability from PDSCH interference suppression and cancellation capability, CRS-IC has been taken as part of the NAICS capability as defined in [16], therefore we should also guarantee when the NAICS signalling are present certain CRS-IC gain can be achieved under NAICS WI.
Observation 9: No need to have separated CRS-IC only capability under NAICS WI.

Observation 10: There is no performance requirement to guarantee CRS-IC functionality as mandatory feature in Rel-12 NAICS context.

Observation 11:  In non colliding scenarios with low load most of the gains come from CRS-IC, as shown in [6].

Proposal 9: Define tests with non-colliding CRS under low load when the NAICS gain mostly comes from CRS-IC instead of PDSCH IC in order to guarantee the CRS-IC as part of NAICS capability in NAICS WI.

Proposal 10: Confirm to cancel 2 NC for CRS-IC as workinga assumption in NAICS WI performance phase. 

6 CSI tests
It has been decided with no changing on the definition of CQI reporting the CSI reporting for NAICS should be based on a post-IC manner which is different than the baseline receiver. With the post-IC type of CSI reporting the CSI test should make sure certain reporting gain can be captured by the tests so the CQI reporting based on pre-IC without the reporting gain can be prevented by such tests. 
Similar to SU-MIMO WI we should evaluate the difference of pre-IC and post-IC CQI reporting for different candidate receivers and decide if such test is needed based on the evaluation results.

Proposal 11: Further study is needed for NAICS CSI tests.

7 TDD tests

Some results under TDD scenarios are shown in [10] which prove with non-continuous DL subframes the channel estimation can still achieve good performance together with relatively good gain compared to FDD tests with equivalent test configurations. Hence TDD tests should be considered with the same scope of FDD tests.
Proposal 12: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.
8 Conclusions

In this contribution we provide our view on different test purpose for NAICS performance phase with observations and proposals summarized below.

· NAICS gain

Observation 1: In order to define proper performance requirement, NAICS receiver should provide sufficient gain, i.e.bigger than 1.5dB with respect to baseline LMMSE-IRC receiver.
Observation 2: SU-MIMO WI has used a methodology to achieve “unified performance requirement” which defines demodulation test based on the minimum performance of all the candidate receivers. This approach can be reused in NAICS WI.

Observation 3: The advantage of defining tests based on minimum performance of all candidate receivers are 1) all candicate receivers will be evaluated and aligned. 2) UEs with more advanced receiver such as R-ML can still provide much better performance than the minimum performance. 3) The unified performance requirement required from WID can be achieved.

Observation 4: E-IRC receiver gives best possibility to support 4 CRS AP with the least complexity.
Observation 5: From system level there is no performance difference seen between E-IRC and SLIC for both CRS-based TM and DM-RS based TM test scenarios.

Proposal 1: Use same methodology from SU-MIMO to define demodulation test based on the minimum performance of all the candidate receivers in order to achieve “unified performance requirement”.

Proposal 2: Define test with 4 CRS AP with E-IRC receiver as minimum performance under the test purpose of achieving certain NAICS gain.

Proposal 3: Define supporting of 4 CRS AP in NAICS as a separated UE capability so only 4 CRS AP capable NAICS UEs need to pass the tests defined for 4 CRS AP.
Proposal 4: Define the following test scenarios under the purpose of NAICS gain.

Table 4 Proposed test list under test purpose of NAICS gain

	Test
	geometry level
	RU
	I1/No@
	TM
	CRS AP
	MCS
	RI
	CRS status

	1
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,2,2]
	[5,5,5]
	[1,1,1]
	Colliding

	2
	5-25%
	40%
	50%tile
	[4,4,4]
	[4,4,4]
	[5,5,5]
	[1,1,1]
	Colliding

	3
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,4,2]
	[5,5,5]
	[1,1,1]
	Colliding

	4
	5-25%
	40%
	50%tile
	[4,9,9]
	[2,2,2]
	[5,5,5]
	[1,1,1]
	Colliding

	Note 1: All tests should be configured with frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC.

Note 2: All tests should be configured with real PDCCH instead of OCNG and the PDSCH is depending on a successful PDCCH decoding.
Note 3: For all tests with TM4 on NC1 CSI-RS configuration (configuration 2) is configured. For all tests with TM9 on NC 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are configured.


· Fallback capability with minimum IRC performance

Observation 6: It’s required to ensure no performance loss compared to LMMSE-IRC receiver in every subframe dynamically under all interference scenarios.

Observation 7: It’s necessary from the UE side to have the dual decoding capability to make sure the performance can actually fall back to IRC performance to guarantee no performance loss in every subframe.
Observation 8: Dual decoding (one NAICS decoding and one IRC decoding) in at least one carrier should be considered as the baseline assumption for NAICS receiver in the context of Rel-12, considering the LTE capability of supporting 3 DL carrier in Rel-12.

Proposal 5: Dual decoding capability should be guaranteed to make sure the UE can actually fall back to IRC performance to ensure no performance loss in every subframe.
Proposal 6: Define the following test scenarios under the purpose of fallback capability with minimum IRC performance.
Table 2 Proposed test list under test purpose of fallback capability with minimum IRC performance
	Test
	geometry level
	RU
	I1/No@
	TM
	CRS AP
	MCS
	RI
	CRS status

	1
	5-25%
	40%
	50%tile
	[9,9,9]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Colliding

	2
	5-25%
	40%
	50%tile
	[9,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Colliding

	3
	5-25%
	40%
	50%tile
	[4,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Non-colliding

	4
	5-25%
	40%
	50%tile
	[9,4,4]
	[2,2,2]
	[16,16,16]
	[1,2,2]
	Non-colliding

	
	Note 1: Test 4 is with incorrect NAICS signalling eg. TM=[4,4,4], cell id with colliding CRS and incorrect Pa, Pb values, etc.

	Note 2: All tests should be configured with frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC.

Note 3: All tests should be configured with real PDCCH instead of OCNG and the PDSCH is depending on a successful PDCCH decoding.

Note 4: For all tests with TM4 on NC1 CSI-RS configuration (configuration 2) is configured. For all tests with TM9 on NC 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are configured.


· BD capability and granularity as 1 PRB pair
Proposal 7: The joint blind detection should include Modulation order, PMI, RI, PDSCH presence, Pa values, PDSCH start, TM, CSI-RS ignorance and the strongest interferer based on CRS-based RSRP measurements.

Proposal 8: Define one test with the configuration as Table 3 to fulfil the test purpose of verifying BD capability and the minimum BD granularity as one PRB pair.

Table 3 Test for purpose of verifying BD capability and the minimum BD granularity as one PRB pair
	Parameters
	Settings per PRB pair

	SC FRC
	MCS=5 with rank 1

	CRS AP
	[2, 2, 2] for SC and 2 NC

	TM
	[4, 4, 4] for SC and 2 NC

	Mod
	QPSK, 16QAM, 64QAM with 1/3 probability on each

	PMI
	Randomly changing

	RI
	Same as Phase 2 with 60% rank1 and 40% rank 2

	PDSCH presence
	95%

	PDSCH start
	Randomly changing from 1, 2, 3 on NC


· CRS-IC capability

Observation 9: No need to have separated CRS-IC only capability under NAICS WI.

Observation 10: There is no performance requirement to guarantee CRS-IC functionality as mandatory feature in Rel-12 NAICS context.

Observation 11:  In non colliding scenarios with low load most of the gains come from CRS-IC, as shown in [6].

Proposal 9: Define tests with non-colliding CRS under low load when the NAICS gain mostly comes from CRS-IC instead of PDSCH IC in order to guarantee the CRS-IC as part of NAICS capability in NAICS WI.

Proposal 10: Confirm to cancel 2 NC for CRS-IC as workinga assumption in NAICS WI performance phase. 

· CSI tests

Proposal 11: Further study is needed for NAICS CSI tests.

· TDD tests

Proposal 12: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.
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