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1. Introduction

In RAN #59, the new Rel-12 “Study on Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS SI) was approved [1]. The general goal of the study item is to investigate feasibility and performance of network-assisted interference suppression and cancellation (IS/IC) UE receivers in LTE. The main RAN4 WG objective is to “Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility”. As a part of this task RAN4 WG needs to “indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination” [1]. 
In this contribution, we provide further discussion on the interference signal information required to enable operation of different enhanced IS/IC receivers and the scope of the respective RAN4 WG studies. Additionally, we share the link level results for the case of blind detection of selected interference signal parameters including modulation formant and PMI/RI detection.
2. Discussion on blind receivers studies

So far, the major part of NAICS receivers performance analysis completed in the scope of RAN4 WG studies was based on the assumption of genie knowledge of the interference signal transmission parameters. Using these assumptions it was shown that NAICS receivers are capable to provide substantial performance gains over the baseline LMMSE-IRC receiver at least in a number of scenarios (e.g. high INRs). At the same time, in accordance to the SID one of the RAN4 WG goals is “Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility” and the RAN4 WG needs to study the impact of partial network assistance scenario as well. The latter scenario was addressed in a number of contributions which consider using blind interference parameters estimation [2-5]. The results provided in these contributions indicate that blind approach works in certain scenarios, while  provides noticeable performance degradation in other scenarios. Furthermore, typically the set of analysed interference signal parameters is rather limited (or not explicitly stated). So, we think that at current stage the amount of provided results and the set of analysed scenarios are not sufficient to derive final conclusions on the reliability of blind detection and further detailed analysis in this direction is needed. 
In our view, the following principles need to be applied for further blind detection analysis:
· Network assistance should be assumed by default. Further studies should address the question whether any parameters can be detected and the respective signalling is not required.
· The separate performance analysis for each interference parameter is required before the conclusions on the need for parameter signalling/detection are made. 

· The interference parameters detection impact needs to be analysed in various interference conditions to ensure robust NAICS receiver performance in different scenarios.
· Both 1 and 2 cell interference cell signal parameters detection needs to considered. At current stage of RAN1 and RAN4 studies there is no clear decision on whether 1 or 2 cell interference handling needs to be applied for NAICS. Thus, both scenarios need to be considered in application to the interference signal parameters detection.
· The analysis should be based on Phase 1 modeling methodology. In Phase 2 methodology the interference environment is dynamic, while detection algorithms can provide poor performance in certain conditions only. Hence, the analysis based on Phase 1 methodology with static interference conditions is more preferable. When interference detection is proved to provide acceptable performance using Phase 1 approach, additional verification using Phase 2 methodology can be used.
· Blind detection fail probability should be analysed. To identify the scenarios where the blind detection may incur potential performance loss the blind detection performance needs to be analysed first to understand the scenarios with high detection failure probability.
Proposal 1:
The following principles need to be applied for further blind detection analysis
· Networks assistance availability should be assumed by default.
· The separate performance analysis for each interference parameter is required before the conclusions on the need for parameter signalling/detection can be made.
· The interference parameters detection impact needs to be analysed in various interference conditions.

· Both 1 and 2 cell interference cell signal parameters detection needs to considered.
· The interference parameters detection analysis should be based on Phase 1 modeling methodology

· Blind detection fail probability should be analysed.
3. Discussion on interference parameters
In the previous meeting a wide set of interference signal parameters required to enable operation of enhanced IS/IC receivers was identified and captured in [6]. Due to relatively large number of considered parameters certain prioritization of the studies should be made. In order to perform this prioritization the parameters classification needs to be made.
The following types of interference signal information required to enable LTE NAICS receivers operation may be defined:

· Type 1: Interference channel estimation assistance information. This type of assistance information is required to enable improved interference channel estimation for further enhanced IS/IC processing (i.e. per data subcarrier channel estimation for dominant interferers).

· Type 2: MIMO detection assistance information. This type of assistance information is required to enable improved MIMO detection of interference signal at symbol-level.

· Type 3: Decoding assistance information. This type of assistance information is required to enable CTC decoding of interference PDSCH signals.
The applicability of these types of information to different candidate IS/IC receiver structures is summarized in Table 1.

Table 1. Interference signal information for different IS/IC receivers

	Receiver type
	Interference signal information

	
	Type 1 
(Channel estimation assistance)
	Type 2

(MIMO detection assistance)
	Type 3

(Decoding assistance)

	E-LMMSE-IRC
	Yes
	No
	No

	R-ML / SL-IC
	Yes
	Yes
	No

	L-CW-IC / ML-CW-IC
	Yes
	Yes
	Yes


As discussed in the previous meetings the Type 3 decoding assistance information requires some sort of networks assistance (MCS, RNTI), hence the interference parameter detection analysis should focus on the Type 1 and Type 2 information types.
Proposal 2:
Blind interference parameters detection should be studied in application to Type 1 (Channel estimation assistance) and Type 2 (MIMO detection assistance) interference signal information.

Depending on the interference signal parameters variation in time domain the parameters can be classified as:

· Long-term parameters. These are semi-static and static network parameters (cell-specific and cell common) which are typically provided via RRC signalling (e.g. MBSFN configuration) and characterized by long-term variation granularity in time domain. Using network assistance for these parameters will unlikely result in noticeable network efficiency reduction.
· Dynamic parameters. These parameters may vary from subframe to subframe and include cell-specific parameters (e.g. CFI) and UE PDSCH specific parameters (e.g. modulation). Using network assistance for PDSCH specific parameters may impose high signalling overhead (depending on the frequency domain granularity) thus reducing the NAICS gains at system-level.
Hence, from the RAN4 perspective it is more important to focus on the analysis of possibility of blind detection of the dynamic parameters.

Proposal 3:
Study the possibility of blind detection of dynamic interference parameters first. Using network assistance for long-term interference signal parameters can be considered.
Generally, the dynamic interference signal parameters corresponding to the PDSCH transmission have one subframe time domain granularity. At the same time, for CRS modes the distributed resource allocation can be applied for PDSCH transmission (DCI Formats 1A/1B/1C/1D). This will result in the possibility that the interference signal resource allocation will have per-slot granularity in the time domain. This may have negative impact the blind interference parameters detection since the number of data REs available for parameters estimation will reduce. At the same time, the distributed resource allocation mainly aims at performance optimization for small packet transmission (e.g. VoIP) and can be used not in all networks. In our view, some sort of network coordination can be assumed in way to restrict situations when NAICS receivers need to handle different interference in the consecutive slots in one subframe. Under this assumption one subframe granularity in time domain for PDSCH interference parameters can be used for further studies.

Proposal 4:
Per TTI granularity of the dynamic PDSCH interference parameters may be considered as long as network coordination/restriction with respect to the use of distributed resource allocation (Resource allocation type 2) is applied.
The PDSCH resource allocation can be done on a per PRB basis in frequency domain. So, in terms of frequency domain granularity of the PDSCH related interference signal parameters, one PRB pair granularity needs to be considered. At the same time to improve the detection algorithms performance, larger granularity (i.e. parameter bundling) may be considered as well.
Proposal 5:
One PRB pair frequency domain granularity needs to be considered for the PDSCH related interference signals parameters. Potential enhancement in terms of parameters bundling in frequency domain to improve the reliability of dynamic interference parameters detection can be also considered.
The required interference signal parameters, their classification and time/frequency granularity are summarized in Table 2. In the last column, we provide our views on the potential parameters signalling/detection/coordination. For the long-term parameters, signalling is assumed since it will likely introduce small system overhead. For the dynamic parameters, signalling solution is also assumed by default, while detection or some sort of coordination is considered as possible alternatives which need further study.
Table 2. Interference signal parameters summary
	Parameters
	Information Type
	Granularity Type
	Granularity (freq.)
	Granularity (time.)
	Signalling / Detection / Coordination

	Independently from the TM used in the interfere cells
	Cell ID
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S

	
	CRS AP
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S

	
	MBSFN configuration
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S

	
	CFI
	Type 1
	Dynamic
	Full BW
	1 SF
	S (D/C)

	
	Data to RS EPRE (PB)
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S

	
	Modulation Order
	Type 2
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	MCS
	Type 3
	Dynamic
	1 PRB
	1 SF
	S

	
	RNTI
	Type 3
	Dynamic
	1 PRB
	1 SF
	S

	
	TM (DMRS or CRS based)
	Type 1
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	NZP CSI-RS presence and their pattern
	Other
	Long-term
	Full BW
	Multiple SFs
	S

	
	ZP CSI-RS presence and their pattern
	Other
	Long-term
	Full BW
	Multiple SFs
	S

	If CRS TMs are used in interferer cell
	TM (TM1-6)
	Type 1
	Dynamic
	1 PRB
	1 SF / 1 slot
	S (D)

	
	PMI
	Type 1
	Dynamic
	1 PRB
	1 SF / 1 slot
	S

	
	RI
	Type 1
	Dynamic
	1 PRB
	1 SF / 1 slot
	S

	
	Data to RS EPRE (PA)
	Type 1
	Dynamic
	1 PRB
	1 SF / 1 slot
	S (D/C)

	
	System bandwidth
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S

	
	PDSCH presence
	Type 1
	Dynamic
	1 PRB
	1 SF / 1 slot
	S (D)

	If DM-RS TMs are used in interferer cell
	TM (TM7-10)
	Type 1
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	PDSCH presence
	Type 1
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	DMRS APs and RI
	Type 1
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	nSCID
	Type 1
	Dynamic
	1 PRB
	1 SF
	S (D)

	
	virtual cell ID
	Type 1
	Long-term
	Full BW
	Multiple SFs
	S


Based on the discussion above the further studies should be focused on the set of dynamic parameters and in our view the following interference signals parameters have the largest potential impact on the NAICS performance and possible signalling overhead:
· PDSCH presence;

· Modulation format;

· Spatial precoding scheme (TM/PMI/RI);

· Data to RS EPRE (PA).

In the following sections, we provide the results of the performance analysis of the modulation format and spatial precoding scheme (including PMI and RI) blind detection.

4. Modulation format detection

The enhanced symbol-level IS/IC receivers (i.e. R-ML and SL-IC) require knowledge of the interference PDSCH signal modulation format. The interference signal modulation may be estimated on the data REs using modulation classification algorithms. For instance, a near ML modulation classification algorithm [7] can be applied for these purposes. In this case the combined modulation format for the serving and interference signals 
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where yk is a received signal vector on the k-th RE; Hk is the joint channel transfer function for serving and interfering signals on the k-th RE, s is the joint serving and interfering signals vector belonging to the combined serving and interference signal modulation set Sn; NRE is the number of processed data REs; |Sn| is the number of constellation points in the modulation set Sn; 
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 is the noise variance. The combined serving and interference signal modulation set includes the known modulation format for the serving cell layers and different possible combinations of the interference layers modulation formats.
The considered approach is “near-ML” and is based on the max-log approximation of the optimal ML problem. As shown in [7], this solution may be somewhat biased towards lower order modulations at low and intermediate INRs, while it can provide good performance at high INRs. To improve the performance, additional approaches can be used to improve the algorithm accuracy including the introduction of specific correction factor depending on SNR, INR and modulation format. For current studies, we do not consider using additional corrections.
In general case, the interference signal modulation format belongs to a set of dynamic parameters which can vary on a per PRB pair basis in the frequency domain. In the time domain for the CRS based modes the parameter can vary on a per slot basis in case of using distributed resource allocation schemes. However, as mentioned in Section 3 some sort of network coordination can be applied and per TTI granularity can be achieved. So, the interference signal modulation format detection should be applied on a per PRB pair / per TTI basis. The measurements should be performed on the data REs which include PDSCH signals from all the co-processed signals (serving and interference). Additionally, to avoid effect from the non-colliding CRS interference the data REs on the OFDM symbols without CRS can be used. Furthermore, the total number of REs used for interference detection can be chosen in a way to achieve certain performance/complexity trade-off.
The ML based modulation classification involves search over all possible combinations of the modulation formats in the interference cells. In case of one interference signal layer processing 3 different modulations need to be considered (i.e. QPSK, QAM16, QAM64), while for the case of joint two interference layers processing (i.e. one rank 2 interferer or two rank 1 interferers) the number of the modulation candidates will substantially increase (i.e. QPSK-QPSK, QPSK-QAM16, …, QAM64-QAM64). So, in the latter case ML based modulation classification may become a bottleneck factor from the complexity perspective. Thus, in case of using blind detection one cell processing can be considered as a more feasible option, hence, introducing additional performance loss comparing to the blind receivers which can handle two interferers.

Observation (modulation format detection complexity):

· Modulation detection algorithm may imply significant computational complexity burden on the UE implementation in case of multi-layer interference signal modulation format detection

4.1 Detection error analysis

In this section, we provide the summary of link-level analysis of the interference signal modulation format detection reliability performance. The simulation results for the interference modulation detection error rate are illustrated below:

· Figure 1: Interference modulation detection error rate vs. INR for the case of one active interferer is provided. The serving cell SNR = 10 dB and different modulation formats for serving/interferer cells are considered.

· Figure 2: Interference modulation detection error rate vs. serving cell SNR for the case of one active interferer is provided. Different INR values (5, 10 and 15 dB) are analysed. The QPSK signals are assumed for the serving cell, while QAM16 and QAM64 signals are analysed for the interference cells.
· Figure 3: Interference modulation detection error rate for the case of two active interferers is provided. The serving cell SNR = 10 dB and modulation format is QPSK. Several second interferer cell power values are considered (INR2 = 5, 10 and 15 dB). The modulation error rate for the first interferer is analysed for a range of possible INR values. The results for the case of one interferer are also plotted for the reference purposes.
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	Figure 1. Interference modulation detection error rate vs. INR (one interferer scenario)
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	Figure 2. Interference modulation detection error rate vs. SNR (one interferer scenario)
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	Figure 3. Interference modulation detection error rate vs. INR (two interferers scenario)


Based on these results we make the following observations with respect to the modulation format detection reliability:

Observations (modulation format detection reliability):

· QPSK interference modulation detection is reliable in all considered interference environments

· QAM16 and QAM64 detection may be unreliable, especially for medium and low INR regions (INR < 10 dB)
· The modulation detection performance slightly depends on the serving cell SNR conditions (small error decrease with the SNR growth)
· The modulation detection performance depends on the serving cell modulation format with worse performance observed for higher order serving cell modulations

· The modulation detection performance significantly depends on the interference conditions with generally better performance observed for higher INR regions
· The modulation detection performance noticeable degrades in case of two interference cell processing
So, based on these results we can see that the largest performance degradation can be expected for the cases of QAM16 and QAM64 interference, low-medium INR ranges and in case of two interferers handling.
4.2 Phase 1 performance analysis

In this section, we compare the R-ML receiver throughput performance in case of using full network assistance and in case of partial network assistance with no a priori knowledge about modulation format of the interference signal. The set of simulation parameters used for Phase 1 based the link-level performance analysis is summarized in Table 3.
Table 3. Link level simulation parameters for analysis of modulation detection.
	Parameter
	Value

	Interference scenario
	NAICS scenario #1, 40% RU, low SINR Case

Interference profile #1: 50%-tile I1/Noc: I1/Noc = 7.68 dB, I2/Noc = 2.16 dB
Interference profile #2: 80%-tile I1/Noc: I1/Noc = 13.83 dB, I2/Noc = 3.31 dB

	Transmission mode of useful signal
	TM9 (Rank 1)

	Modulation and code rate of useful signals
	MCS 5: QPSK, Rate 1/3 

MCS 14: QAM16, Rate ½ 

	Interference transmission mode
	TM9 (Rank 1) 

	Interference modulation format
	QPSK, QAM16, QAM64

	Receiver structures
	LMMSE-IRC

Genie aided R-ML

R-ML with blind modulation detection with 1 interference cell processing

R-ML with blind modulation detection with 2 interference cell processing


The results of link level analysis are shown in Figure 4, while the summary of performance degradation due to blind interference modulation format detection is provided in Table 4.
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Interference profile #2, ON/OFF

Useful modulation QPSK, Interference modulation QAM64
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Interference profile #2, ON/OFF

Useful modulation QAM16, Interference modulation QAM64
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Interference profile #1, ON/ON

Useful modulation QPSK, Interference modulation QAM16
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Interference profile #1, ON/ON

Useful modulation QAM16, Interference modulation QAM16
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Interference profile #1, ON/ON

Useful modulation QPSK, Interference modulation QAM64
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Interference profile #1, ON/ON

Useful modulation QAM16, Interference modulation QAM64
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Interference profile #2, ON/ON

Useful modulation QPSK, Interference modulation QAM16
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Interference profile #2, ON/ON

Useful modulation QAM16, Interference modulation QAM16
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Interference profile #2, ON/ON
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	Figure 4. Phase 1 link level analysis for modulation detection


Table 4. Summary of modulation detection impact on NAICS receiver performance
	Interference profile
	Interference pattern
	Interference cell RI {I1},{I2}
	Interference cell MCS
{I1},{I2}
	Serving cell MCS
	SNR degradation vs. the R-ML genie aided @ 70% Throughput, [dB]
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	
	
	R-ML w/ Mod. Detection 
(1 cell proc.)
	R-ML w/ Mod. Detection 
(2 cell proc.)
	R-ML genie-aided
	R-ML w/ Mod. Detection 
(1 cell proc.)
	R-ML w/ Mod. Detection 
(2 cell proc.)

	50% I1/Noc
I1/Noc = 7.68 dB

I2/Noc = 2.16 dB 
	ON/ON
	{1},{1}
	{14},{14}
	{5,5}
	1.6
	1.5
	1.7
	0.1
	0.2

	
	
	
	
	{14,14}
	0.9
	0.6
	0.8
	-0.1
	0.2

	
	
	{1},{1}
	{25},{25}
	{5,5}
	0.9
	0.7
	1.1
	0.2
	0.4

	
	
	
	
	{14,14}
	0.5
	0.4
	0.4
	-0.1
	0.0

	
	ON/OFF
	{1},{NA}
	{14},{NA}
	{5,5}
	0.7
	NA
	1.4
	0.7
	NA

	
	
	
	
	{14,14}
	0.7
	NA
	1.7
	1.0
	NA

	
	
	{1},{NA}
	{25},{NA}
	{5,5}
	0.8
	NA
	1.3
	0.5
	NA

	
	
	
	
	{14,14}
	0.9
	NA
	1.5
	0.6
	NA

	80% I1/Noc
I1/Noc = 13.83 dB

I2/Noc = 3.31 dB 
	ON/ON
	{1},{1}
	{14},{14}
	{5,5}
	1.4
	0.9
	3.3
	1.9
	2.4

	
	
	
	
	{14,14}
	1.6
	1.1
	1.9
	0.3
	0.8

	
	
	{1},{1}
	{25},{25}
	{5,5}
	1.5
	0.8
	1.9
	0.4
	1.1

	
	
	
	
	{14,14}
	1.2
	0.8
	0.8
	-0.4
	0.0

	
	ON/OFF
	{1},{NA}
	{5},{NA}
	{5,5}
	0.0
	NA
	4.4
	4.4
	NA

	
	
	
	
	{14,14}
	0.0
	NA
	4.8
	4.8
	NA

	
	
	{1},{NA}
	{14},{NA}
	{5,5}
	0.0
	NA
	2.8
	2.8
	NA

	
	
	
	
	{14,14}
	0.4
	NA
	2.7
	2.3
	NA

	
	
	{1},{NA}
	{25},{NA}
	{5,5}
	0.4
	NA
	1.5
	1.1
	NA

	
	
	
	
	{14,14}
	1.0
	NA
	1.0
	0.0
	NA


Based on these results of the Phase 1 link-level studies we derive the following observations:

Observations (modulation format detection impact):

· Performance of symbol-level IS/IC receivers such as R-ML and SL-IC is sensitive to the modulation order of the interference signals.

· In case of blind modulation detection, the R-ML performance is not impacted if interference signals have QPSK format

· For the case of one active interferer (ON/OFF pattern), blind modulation detection results in noticeable performance degradation comparing with genie-aided receiver structures: 0.4 – 0.7 dB SNR degradation if interference signal has QAM16 format and 0.9 – 1.1 dB SNR degradation if interference signal has QAM64 format.
· For the case of two active interferers (ON/ON pattern), blind modulation detection results in noticeable performance degradation comparing with genie-aided receiver structures: 0.7 – 1.5 dB SNR degradation if interference signal has QAM16 format and 0.4 – 0.8 dB SNR degradation if interference signal has QAM64 format 

· The modulation detection algorithms may introduce high additional UE receiver complexity on top of the R-ML receivers (especially in case of several active interferers or rank interferers). For instance, in case of two active interferers the one interferer cell processing becomes a more feasible option from the complexity perspective and thus the overall performance will further degrade by 0.2 – 0.6 dB.

Based on these observations we conclude that interference signal modulation format knowledge is required at the UE side to allow good performance of enhanced IS/IC receivers and recommend to consider the respective network assistance methods.
Proposal 6:
Consider to introduce network assistance of the interference signal modulation format to achieve good performance of the enhanced IS/IC receivers based on symbol-level processing.
5. PMI/RI detection

For the CRS-based PDSCH interference channel estimation on data subcarriers information on the spatial precoding scheme (TM/PMI/MIMO rank) is required. In this section, we consider the PMI/RI parameters detection for the case of closed-loop based CRS modes (TM4, TM6).

One of the possible approaches to perform interference signal PMI/RI detection is to apply joint parameters detection based on the analysis of the receive signal on the data REs. To remove uncertainty caused by the lack of knowledge of the exact transmitted symbols the average receive signal average covariance matrix may be analysed. For instance, the estimation can be done via comparing the measured receive signal covariance matrix 𝐑 on the data subcarriers with different reconstructed receive signal covariance matrix hypothesis Ri derived in the assumption of using specific interferer precoder parameters (i.e. PMI/RI). For the case of single interferer the interference signal precoder matrix estimate 
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 (i.e. PMI/RI) can be derived as follows:
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where R is the receive signal covariance matrix estimate at the NRE data REs; 
[image: image30.wmf])

(

~

i

I,

V

R

 is the emulated receive signal covariance matrix hypothesis for the case of using i-th interference signal precoder candidate VI,i; yk is a received signal vector on the k-th RE; 
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 are the serving/interference channel estimates; 
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 is the serving cell precoder matrix; and RR is the residual interference + noise estimate.
For the case of one interference cell processing the interference signal precoder candidate VI,i should include the complete set of PMIs for all feasible MIMO ranks. For the case of two interference cell processing the total search space can increase a lot since different combinations need to be considered for joint detection. Hence, to reduce algorithm complexity successive interference cell processing can be applied.
In general case, the interference signal PMI/RI belong to a set of dynamic parameters (see Section 3) which can vary on a per PRB pair basis in the frequency domain. Similar, to the modulation format, for the CRS based modes the parameter can vary on a per slot basis in case of using distributed resource allocation schemes. However, network coordination can be applied and per TTI granularity can be achieved. So, the interference signal PMI/RI detection should be applied on a per PRB pair basis. The measurements should be performed on the data REs which include PDSCH signals from all the co-processed signals (serving and interference). Additionally, to avoid effect from the non-colliding CRS interference the data REs on the OFDM symbols without CRS can be used. 

5.1 Detection error analysis

In this section, we provide the summary of link-level analysis of the interference PMI/RI detection reliability performance. The simulation results for PMI/RI detections errors are illustrated in Figure 5 for the scenario with ON/OFF interference pattern and MIMO rank 1 interference with 2 and 4 transmit antennas.
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	(a)  PMI/RI detection error
	(b)  RI detection error

	Figure 5. PMI/RI detection error


Based on these results we make the following observations with respect to the PMI/RI detection reliability:

Observations (PMI/RI detection reliability):

· The PMI/RI detection error probability depends on the serving cell SNR with the detection failure probability increasing with the SNR growth due to error propagation effect.
· The PMI/RI detection error probability depends on the INR values with more reliable performance achieved for higher INR values
· The PMI/RI detection error probability increases for the case of 4 Tx antennas scenario comparing with the 2 Tx antennas scenario due to substantially larger number PMI and RI search alternatives

· For the case of MIMO rank 2 with 2Tx antennas the interference PMI values are unresolvable due codebook properties thus resulting in 2/3 PMI error detection even in case if rank is correctly detected.

· PMI/RI detection performance is unreliable in a number of scenarios including

· MIMO rank 1 interference signals transmitted using 2 Tx antennas for low and medium INR values in case of ON/OFF interference pattern and all INR regions in case of ON/ON interference pattern

· MIMO rank 1 interference signals transmitted using 4 Tx antennas for all INR values

· MIMO rank 2 interference signals

5.2 Phase 1 performance analysis

In this section, we compare the R-ML receiver performance in TM4 interference scenario in case of using full network assistance and in case of partial network assistance with no a priori knowledge about spatial precoding format (PMI/RI) of the interference signal. The set of simulation parameters used for Phase 1 based the link-level performance analysis is summarized in Table 5.
Table 5. Link level simulation parameters for analysis of modulation detection.
	Parameter
	Value

	Interference scenario
	NAICS scenario #1, 40% RU, low SINR Case

Interference profile #1: 50%-tile I1/Noc: I1/Noc = 7.68 dB, I2/Noc = 2.16 dB
Interference profile #2: 80%-tile I1/Noc: I1/Noc = 13.83 dB, I2/Noc = 3.31 dB

	Transmission mode of useful signal
	TM4 (Rank 1)

	Modulation and code rate of useful signals
	MCS 14: QAM16, Rate ½

	Interference transmission mode
	TM4 (Rank 1, Rank 2)

	Interference modulation format
	MCS 5: QPSK, Rate 1/3

	Receiver structures
	LMMSE-IRC

Genie aided R-ML

R-ML with blind PMI/RI detection


The results of link level analysis are shown in Figure 6, while the summary of performance degradation is provided in Table 6.
	[image: image36.emf]-12 -10 -8 -6 -4 -2 0 2 4 6 8

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Throughput, Mbps

SNR, dB

 

 

MCS #5, LMMSE-IRC

MCS #5, R-ML genie-aided

MCS #5, R-ML w/ PMI/RI Detection 


Interference profile #1, ON/OFF

Interf. cell: RI = 1, 2 Tx antenna, Serv. cell: MCS #5
	[image: image37.emf]-12 -10 -8 -6 -4 -2 0 2 4 6 8

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Throughput, Mbps

SNR, dB

 

 

MCS #5, LMMSE-IRC

MCS #5, R-ML genie-aided

MCS #5, R-ML w/ PMI/RI Detection 


Interference profile #2, ON/OFF
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Interference profile #1, ON/OFF

Interf. cell: RI = 1, 4 Tx antenna, Serv. cell: MCS #14
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Interference profile #2, ON/OFF

Interf. cell: RI = 1, 4 Tx antenna, Serv. cell: MCS #14
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Interference profile #1, ON/OFF

Interf. cell: RI = 2, 2 Tx antenna, Serv. cell: MCS #14
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Interference profile #1, ON/OFF

Interf. cell: RI = 2, 2 Tx antenna, Serv. cell: MCS #14
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Interference profile #1, ON/ON
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Interference profile #2, ON/ON

Interf. cell: RI = 1, 2 Tx antenna, Serv. cell: MCS #5
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	Figure 6. Phase 1 link level analysis for PMI/RI detection


Table 6. Summary of PMI/RI detection impact on NAICS receiver performance
	Interference profile
	Interference pattern
	Number of interference Tx antenna.
	Interference cell RI {I1},{I2}
	Interference cell MCS
{I1},{I2}
	Serving cell MCS
	SNR degradation of R-ML w/ PMI/RI Detection vs. the R-ML genie aided @ 70% Throughput, [dB]
	SNR gains vs. the Baseline receiver @ 70% Throughput, [dB]

	
	
	
	
	
	
	
	R-ML genie-aided
	R-ML w/ PMI/RI. Detection

	50% I1/Noc

I1/Noc = 7.68 dB

I2/Noc = 2.16 dB 
	ON/ON
	{2},{2}
	{1},{1}
	{5},{5}
	{5,5}
	1.5
	2.7
	1.2

	
	
	
	
	
	{14,14}
	1.2
	1.8
	0.6

	
	ON/OFF
	{2},{NA}
	{1},{NA}
	{5},{NA}
	{5,5}
	0.6
	4.8
	4.2

	
	
	
	
	
	{14,14}
	2.2
	3.8
	1.6

	
	
	{2},{NA}
	{2},{NA}
	{5,5},{NA}
	{5,5}
	NA
	NA
	NA

	
	
	
	
	
	{14,14}
	1.7
	1.0
	-0.7

	
	
	{4},{NA}
	{1},{NA}
	{5},{NA}
	{5,5}
	NA
	NA
	NA

	
	
	
	
	
	{14,14}
	1.4
	2.6
	1.2

	80% I1/Noc

I1/Noc = 13.83 dB

I2/Noc = 3.31 dB 
	ON/ON
	{2},{2}
	{1},{1}
	{5},{5}
	{5,5}
	1.8
	5.5
	3.7

	
	
	
	
	
	{14,14}
	2.4
	4.5
	2.1

	
	ON/OFF
	{2},{NA}
	{1},{NA}
	{5},{NA}
	{5,5}
	0.7
	9.3
	8.6

	
	
	
	
	
	{14,14}
	1.7
	7.2
	5.5

	
	
	{2},{NA}
	{2},{NA}
	{5,5},{NA}
	{5,5}
	NA
	NA
	NA

	
	
	
	
	
	{14,14}
	6.8
	5.0
	-1.8

	
	
	{4},{NA}
	{1},{NA}
	{5},{NA}
	{5,5}
	NA
	NA
	NA

	
	
	
	
	
	{14,14}
	3.2
	3.9
	0.7


Based on these results of the Phase 1 link-level studies we derive the following observations:

Observations (PMI/RI detection impact):

· Using blind detection of spatial precoding scheme for TM4 interference (PMI/RI) for enhanced IS/IC receivers may result in substantial performance degradation comparing with the full network assistance scenario thus diminishing the potential gains of the enhanced IS/IC receivers
· The performance degradation increases with the increase of the dominant interferer power level

· The following performance degradations are observed:

· One MIMO rank 1 interference signal transmitted using 2 Tx antennas: 0.6-2.2 dB degradation

· One MIMO rank 1 interference signal transmitted using 4 Tx antennas: 1.4-3.2 dB degradation

· One MIMO rank 2 interference signal transmitted using 2 Tx antennas: 1.7-6.8 dB degradation

· Two MIMO rank 1 interference signals transmitted using 2 Tx antennas: 1.3-2.5 dB degradation

Based on these observations, we conclude that interference signal PMI/RI knowledge is required at the UE side to allow good performance of enhanced IS/IC receivers and recommend to consider the respective network assistance methods.

Proposal 7:
Consider to introduce network assistance of the interference signal PMI/RI to achieve good performance of the enhanced IS/IC receivers.

6. Conclusions

In this contribution we have provide further discussion on the interference signal information required to enable operation of different enhanced IS/IC receivers and the scope of the respective RAN4 WG studies. Additionally, we shared the detailed performance analysis results for the case of blind detection of selected interference signal parameters including modulation formant and PMI/RI detection and have shown the potential performance degradation due to lack of knowledge of the information on these parameters..
In summary, we make the following proposals:
Proposal 1:
The following principles need to be applied for further blind detection analysis
· Networks assistance availability should be assumed by default.
· The separate performance analysis for each interference parameter is required before the conclusions on the need for parameter signalling/detection can be made.
· The interference parameters detection impact needs to be analysed in various interference conditions.

· Both 1 and 2 cell interference cell signal parameters detection needs to considered.
· The interference parameters detection analysis should be based on Phase 1 modeling methodology

· Blind detection fail probability should be analysed.
Proposal 2:
Blind interference parameters detection should be studied in application to Type 1 (Channel estimation assistance) and Type 2 (MIMO detection assistance) interference signal information.

Proposal 3:
Study the possibility of blind detection of dynamic interference parameters first. Using network assistance for long-term interference signal parameters can be considered.

Proposal 4:
Per TTI granularity of the dynamic PDSCH interference parameters may be considered as long as network coordination/restriction with respect to the use of distributed resource allocation (Resource allocation type 2) is applied.
Proposal 5:
One PRB pair frequency domain granularity needs to be considered for the PDSCH related interference signals parameters. Potential enhancement in terms of parameters bundling in frequency domain to improve the reliability of dynamic interference parameters detection can be also considered.
Proposal 6:
Consider to introduce network assistance of the interference signal modulation format to achieve good performance of the enhanced IS/IC receivers based on symbol-level processing.
Proposal 7:
Consider to introduce network assistance of the interference signal PMI/RI to achieve good performance of the enhanced IS/IC receivers.
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