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1
Introduction

The remaining NAICS specification aspects are related to defining the NAICS UE performance. RAN4 needs to focus further on the introduction of UE PDSCH demodulation tests for the verification of NAICS functionality [1]. 
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 present our views regarding the blind detection testability in NAICS.
2
Blind detection testability 
Release 12 NAICS operation spans, from the interferer configuration perspective, both CRS (TM2, TM3, TM4, TM6) and DMRS (TM8, RM9) modes. The common blind detection operations relate to: interference presence, dominant interference identification, TM, PDSCH starting symbol, modulation. The specifics of CRS based operation consists in blind detection of PA, PMI, RI. The specifics of DMRS based operation consists in blind detection of DMRS ports presence under the assumption of CSI-RS presence. 
Grouping the parameters into joint tests seems the only feasible way in terms of minimizing the amount of tests and also from the perspective that it mimics better the real life operation, as depending on the blind detection strategy, it would capture better the error propagation effect if the blind detection stages are not all done jointly but they are concatenated. 

Proposal: 

· Strive to categorize the parameters into groups of parameters to be tested in a joint setup.

Letting some of the parameters untestable is not a desirable option and could be harmful to the whole applicability of NAICS feature. A careful investigation is thus necessary to all the elements involved in the characterization of the interfering PDSCH. 
2.1 Test case parameters
In the following we discuss the particularities of each of these parameters and try to group them in testing groups, with the goal of minimizing the number of possible groups. If a parameter cannot be added to a group, quite likely it will factorize the number of test cases. 
Interference presence
Interfering PDSCH presence may very well be a first trigger for NAICS operation at the UE. Failing to detect the interfering PDSCH, if present, would result in no utilization of NAICS IC capability. The false detection of interfering PDSCH presence would compromise NAICS UE performance. This is a critical operation which needs to be part of any test. 
Proposal:

· Interference presence is a critical operation which needs to be part of any test.

Dominant interference identification 
The next step is to assign the identified PDSCH to the provided network assistance. The RAN1 decision is that network assistance is provided for 8 cells. It has been previously mentioned that RSRP is one potential mechanism with which dominant interference can be identified. However it is also known that RSRP does not reflect the UE traffic in the network as its computation is based on the always-transmitted CRS. As the RSRP does not reflect the traffic conditions as such, it should be further investigated if this is a reliable measure for dominant interference identification or other mechanisms are necessary. Even if interference presence should be part of the NAICS test bed, we note that the interference presence does not relate to the origin of the dominant interferer, hence to the network assistance configured through RRC. Reliable dominant interferer identification is a critical operation which has severe performance consequences, if misdetected.
Proposal:

· Dominant interference identification is a critical operation which needs to be part of any test.
Transmission modes

During the RAN1 discussions it has been agreed that the set of supported TMs {TM1, TM2, TM3, TM4, TM6, TM8, TM9, TM10} are signalled to the UE. More specifically, the network will not signal the active TMs at a particular time, but rather the implemented TMs in the network. This means that the TM blind detection is a necessary stage at any time of NAICS applicability. Ideally the TM should be incorporated, along other parameters, to the group(s) of parameters to be tested for blind detection reliability. However, from a simulation and test case perspective, this might not be a trivial task. This leads to the alternative of predefined TM interactions when blind TM detection is incorporated (in the following we call homogeneous collisions the same TM interactions while non-homogeneous collisions consist of different TM interactions). This alternative poses a complexity problem as well, due to the large amount of different TM interactions which need further prioritization. The following important cases can be considered.
TM2: is a fallback mode and hence critical to be part of NAICS performance testing as both serving or interfering TM. Both homogeneous and non-homogeneous TM2 interaction should be further studied. 
TM3: rank one operation is transmit diversity, hence covered by TM2, however rank 2 is based on large delay-CDD, a precoding cycling technique, similar in spatial characteristics to rank 2 of TM4, which adds layer permutation. From blind modulation point of view, if both layers of TM3 are of same modulation, then such a transmission is exactly the same as TM4. If TM3 is found beneficial for testing, it seems reasonable to consider only rank 2 operation provided that there is sufficient differentiation from rank 2 operation from TM4. 

TM4/6: main difference being rank, TM4 is one of the main CRS TMs. Both homogeneous and non-homogeneous TM4 interaction should be further studied.
TM 8/9/10 are DMRS based TMs, the main difference, from the spatial characteristics perspective, being the number of configurable layers (up to 2 in TM8 and up to 8 in TM9 and TM10). Both homogeneous and non-homogeneous TM9 interaction should be further studied.  
TM 5/7/10 deserve special attention. As no network assistance is provided for TM10, it is unclear the benefit of network signalling of TM10 existence to the NAICS UE. On the other hand TM5 and TM7 are not part of supported TMs to be signalled to the NAICS UE, however they may be implemented by the network. As a unified mechanism is necessary in order to have a unified UE behaviour, it seems beneficial to treat TM5/7/10 in a similar manner, that is either signal their presence in the network and define the appropriate UE behaviour or not signal them in the network assistance information. 
As we have been discussing in a companion contribution [5], there exists the possibility of the NAICS UE to be considered in TM10. However, from the TM 1-9  blind detection perspective there is no difference between the NAICS UE being in TM9 and TM10, as both are DMRS modes. As a result, TM9 can be considered as a representative TM for DMRS based operation.

Proposals:

· At least TM2, TM4, TM9 should be part of the UE performance tests.
· A unified signalling framework is desired for TM 5/7/10 for which neither network assistance is provided, nor PDSCH IC is expected.
· Both homogeneous and heterogeneous TM interactions are necessary to be investigated. The following interactions can be studied further: TM2-TM2, TM2-TM4, TM2-TM9, TM4-TM2, TM4-TM4, TM4-TM9, TM9-TM2, TM9-TM4, TM9-TM9.
PDSCH starting position 
Several options do exist for handling the PDSCH starting symbol: by blind detection of the exact PDSCH starting symbol (through PCFICH blind detection of the dominant interferer or based on the covariance structure of the PDSCH starting symbol(s)), or by assuming a conservative starting symbol for the PDSCH starting symbol. The first approach would harvest the maximum PDSCH IC gain while the second would decrease the IC efficiency gains, however would have less UE complexity and will not be exposed to blind detection errors. We note that the conservative assumption can always be a fallback mode in case of blind detection failure. In [3] we show the performance of conservative approach and even if NAICS gain is preserved, we note the lower performance from this approach, hence blind detection of PDSCH starting symbol should be desirable. The blind detection of PDSCH starting symbol should be incorporated in any test.
Proposal:

· Blind detection of PDSCH starting position needs to be part of any test.
Modulation

Blind detection of modulation is needed only for SLIC/RML receivers. In [6] we have shown the lower bound of PDSCH IC when fixed assumption of modulation blind detection is employed, nevertheless, blind detection of modulation is by now widely utilized. Less discussion has been devoted to the utilization of 256 QAM which has been specified in Release 12. The utilization of 256 QAM is quite likely at high SNR of the interfering user and only in small cells deployments, an unlikely case of providing NAICS gain. Moreover, the blind detection of 256 QAM increases UE complexity and IC efficiency would be even lower than in case of 64QAM. RAN4 should further study the applicability of 256 QAM blind detection. Otherwise, the QPSK, 16QAM and 64QAM are modulations being part of the blind detection process. In addition, the dynamic nature of modulation allocation should be captured by the test. Blind detection of modulation should be part of any test.
Proposal:
· QPSK, 16QAM, 64QAM are confirmed modulations to be utilized in blind detection tests.
· The utilization of 256QAM is FFS.
PA
Release 12 NAICS operates with network assistance of a subset restriction of 3 PA values. RAN1 has decided that the selected subset is at the choice of the eNB, from the existing range of PA {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB. This subset signalling is applicable to QPSK as well. Blind detection of PA should be part of the CRS based group of parameters. The selection of PA subset values should be account for the minimum difference between values, our proposal being for  the following subset {-3, -1.77, 0} dB.
Proposals:

· Blind detection of PA should be part of the CRS based group of parameters.

· Utilize further the subset {-3, -1.77, 0} dB.
PMI and Rank

PMI and rank are two dynamic parameters (with the PMI change being more dynamic than the rank) and this has to be reflected in the selected tests. The PMI is applicable to the CRS based modes, however the rank is used for both CRS and DMRS. The DMRS modes have a more particular operation. The PMI is transparent to the UE, being embedded in the effective channel which is estimated on DMRS. On the other hand, the DMRS resources utilized for rank 1 or rank 2 are the same, the differentiation being done by the code multiplexing which is used for the rank 2 operation. Proper detection of the rank from DMRS is necessary as it further mandates per rank blind detection of modulation. In CRS modes, rank is a part of a PMI blind detection, selecting from the available PMIs across both ranks.
Proposals:

· Blind detection of the PMI/Rank should be part of the CRS based group of parameters.
· Blind detection of the RI is necessary for DMRS tests.
DMRS presence
DMRS presence is a critical component being one of the first components in the blind detection logic. Misdetection of DMRS presence can have serious consequences to the NAICS efficiency. 
Proposal:

· DMRS presence is a critical operation which needs to be part of DMRS group of parameters.
Number of CRS ports and transmit antennas

The agreed number of signalled CRS ports is {1, 2, 4}. The number of transmit antennas used in LTE system are {1, 2, 4, 8} Tx where 8Tx is a highly important TDD deployment, operating in NAICS with DMRS up to rank-2, hence not impacting the UE complexity. While the 2 CRS operation is clearly understood, the case of 4 CRS ports has been a debate point due to the argued increased UE complexity, despite the fact that there exist numerous results showing the benefits of 4 CRS ports operation. In addition, 4 CRS is a currently used network configuration. The increased complexity of 4 CRS has been mainly linked to the increased number of hypothesis used in PMI blind detection, however the mechanism of codebook subset restriction is available to tackle this issue. Moreover, 4 CRS operation is operated with other modes than TM4, like TM2 and TM3. TM2 is of particular importance as it is a fallback mode. The utilization of TM2 with 4CRS ports is highly probable as TM2 is a mode striving for cell edge UEs which are NAICS candidates. The potential PMI cycling ambiguity issues of TM3 operation in conjunction with CSI-RS transmission can be minimized  through not scheduling TM3 in sub-frames containing CSI-RS [4]. It is highly important to capture the TM2 operation with both 2 CRS and 4 CRS. 
Proposals:

· The utilization of 8Tx antennas should be further discussed as a candidate for the test setup, being an important deployment for TDD.
· It is highly important to capture the TM2 operation with both 2CRS and 4CRS.

· Consider further the applicability of 4CRS with TM4.

· Consider the utilization of the following combinations of TMs and transmit antennas/ CRS ports

· 2CRS in TM4 tests

· 4CRS in TM2 tests

· 2 or 8Tx in TM9 tests

· Other combinations are not precluded.

CSI-RS

CSI-RS patterns in the form of zero power and non-zero power CSI-RS are part of TM9 operation. RAN4 was not conclusive on the need for CSI-RS network assistance; however, due to the utilization of NAICS in TM9, the CSI-RS testability is necessary. More precisely, the ability of the NAICS UE to “ignore” or tolerate the presence of CSI-RS has to be captured in tests. The CSI-RS configurations are formed by CSI-RS pattern configuration and CSI-RS subframe configuration (including jointly coded offsets and periodicity). In addition, the number of CSI-RS elements scales with respect to the number of transmit antennas at the eNB. In the light of TM9 testing and the utilization of 8Tx antennas in TDD setups, it looks practical to consider the CSI-RS testing in such a setup. More specifically, one possibility is to select an 8Tx non-zero power CSI-RS pattern to be transmitted with, for example, 10ms periodicity. Such a case would cover for 4Tx combinations of zero power and non-zero power as well. 
Proposal:

· Utilize 8 non-zero power CSI-REs with 10 ms periodicity in test setups.
Alternatively, 4 CSI-RS patters can be utilized in a 2Tx setup, emulating the operation of the 8Tx scenario. Results for such a setup are presented in Figure 1 where we investigated the blind detection performance in the presence of 8 non-zero power CSI-RS REs. We simulated TM4-TM4 interaction where the 8 REs were configured for CSI-RS at the interferer. The CSI-RS periodicity was 10ms and blind detection of PA, PMI, modulation assumed 1PRB-pair scheduling granularity.  There is almost no impact from unknown CSI-RS REs on performance of NAICS UE blind detection.
In our previous contribution [3], we have shown that NAICS UE under TM4 PDSCH interference tolerates as well mixed non-zero-power and zero-power CSI-RS allocations under 5ms periodicity. Furthermore, we have shown that if CSI-RS sub-frame offset is signalled to the UE, performance loss of NAICS UE suffering from TM2 PDSCH interference is minimal. However, without any information on CSI-RS configuration(s), UE may either perform IC as well for unknown CSI-RS RE positions or perform legacy IRC reception for all REs potentially carrying CSI-RS in every sub-frame. 
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Figure 1: SLIC BD performance in the presence of 8 non-zero power CSI-RS REs.
Special subframes and eIMTA

RAN1 concluded that there is no special subframe configuration signalling for NAICS UEs. In addition, the UE may assume the same special subframe configuration between the serving and interference cell(s) for which NAICS signalling is provided. With respect to the eIMTA operation, RAN1 also agreed that there is no higher-layer signalling of UL/DL configuration while the NAICS UE may assume the same UL/DL configurations for the serving/interference cell(s). These previous decisions may have several implications on the NAICS UE. The special subframe configuration is rather fixed throughout the network, even if changes would occur, the neighbour cells would have a similar configuration. Regarding the eIMTA operation, this can be seen as having two components: a fixed one, consisting of the DL/UL configuration signalled through SIB1 information, and a dynamic one (the eIMTA configuration). The lack of signalling for the dynamic configuration can be seen as no NAICS operation in the dynamic subframes. However, the UE may detect the presence of DL subframes and perform PDSCH IC where appropriate. It should be further discussed if test cases should cover such eIMTA PDSCH IC.
Observation:

· Is it FFS the NAICS operation in the eIMTA subframes.
2.2 Summary of blind detection framework
Throughout the previous discussion we have identified the necessary components of the NAICS blind detection testability, and categorized them into two main groups, as listed in Table 1.
Table 1: NAICS blind detection testability framework 
	Blind detection parameters
	Consequence of misdetection
	Testability framework
	Receiver type

	Interference presence (IP)
	Critical
	group CRS and group DMRS
	EIRC and SLIC/RML

	Dominant interference identification (DII)
	Critical
	group CRS and group DMRS
	EIRC and SLIC/RML

	TM
	Critical
	Stand alone 
	EIRC and SLIC/RML

	PDSCH starting position (PDSCH_SP)
	Reduced IC efficiency
	group CRS and group DMRS
	EIRC and SLIC/RML

	Modulation 
	Reduced IC efficiency
	group CRS and group DMRS
	SLIC/RML

	PA
	Reduced IC efficiency
	group CRS
	EIRC and SLIC/RML

	PMI 
	Reduced IC efficiency
	
	EIRC and SLIC/RML

	RI
	Reduced IC efficiency
	group CRS and group DMRS
	EIRC and SLIC/RML

	DMRS presence (DMRSp)
	Critical
	group DMRS
	EIRC and SLIC/RML

	CSI-RS, robustness in face of 
	Reduced IC efficiency
	
	EIRC and SLIC/RML

	Colliding and non-colliding CRS
	Reduced IC efficiency
	Stand alone
	EIRC and SLIC/RML

	eIMTA NAICS IC
	Reduced IC efficiency
	FFS
	EIRC and SLIC/RML


Proposal:

· The following test framework can be envisioned.
Baseline sets:

· Group-CRS: IP + DII + PDSCH_SP + MOD + PA_{subset of 3 values} + PMI + RI

· Group-DMRS: IP + DII + DMRSp + PDSCH_SP + MOD + RI
· Utilize 8 non-zero power CSI-REs with 10 ms periodicity in test setups.

· Colliding and non-colliding CRS

· TM2-TM2, TM2-TM4, TM2-TM9 in 4Tx setup

· TM4-TM2, TM4-TM4, TM4-TM9 in 2Tx setup

· TM9-TM2, TM9-TM4, TM9-TM9 in 2 or 8Tx setup 

2.3 Network assistance provided in tests 
The network assistance provided during tests should enable the core functionality of the NAICS UE blind detection mechanism. According to the RAN1 agreements, and as listed in [7],   the network is informing the NAICS UE the following parameters: cell ID, number of ports, MBSFN configuration, PB, subset of at most 3 PA values, implemented TMs. 

The following parameterization and operation is proposed:
Proposals:

· Per 1 PRB pair blind detection is introduced.
· PA at serving and interfering cell is -3dB, PA subset signalled as NW assistance: {-3, -1.77, 0} dB, PB set to 1.
2.4 CSI feedback implications on blind detection 

We would like to note the potential blind detection implications related to the outcome of the CSI feedback testability framework. The availability of network assistance spans over a longer period of time in which the UE could exploit such assistance for both CSI feedback computation as well as for demodulation. If the CSI feedback would rely on blind detection of the dominant interferer, this creates several implications in the blind detection process. In a companion paper [5] we are discussing further on these issues.
Proposals

· Consider the potential implication of blind detection for CSI feedback.
3
Conclusions

In this contribution we have been presenting views with respect to the blind detection testability in NAICS. The following can be summarized:
Proposals: 

1. Strive to categorize the parameters into groups of parameters to be tested in a joint setup.

2. The following test framework can be envisioned. Baseline sets:

a. Group-CRS: IP + DII + PDSCH_SP + MOD + PA_{subset of 3 values} + PMI + RI

b. Group-DMRS: IP + DII + DMRSp + PDSCH_SP + MOD + RI
c. Utilize 8 non-zero power CSI-REs with 10 ms periodicity in test setups.

· Colliding and non-colliding CRS

1. TM2-TM2, TM2-TM4, TM2-TM9 in 4Tx setup

2. TM4-TM2, TM4-TM4, TM4-TM9 in 2Tx setup

3. TM9-TM2, TM9-TM4, TM9-TM9 in 2 or 8Tx setup 

3. A unified UE behaviour is desired for TM 5/7/10 for which neither network assistance is provided, nor PDSCH IC is expected.

4. The utilization of 256QAM is FFS.

5. Is it FFS the NAICS operation in the eIMTA subframes.

6. Per 1 PRB pair blind detection is introduced.

7. PA at serving and interfering cell is -3dB, PA subset signalled as NW assistance: {-3, -1.77, 0} dB, PB set to 1.

8. Consider the potential implication of blind detection for CSI feedback.
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