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1. Introduction

In RAN #63 the new Rel-12 WI on “Network-Assisted Interference Cancellation and Suppression for LTE” (LTE NAICS WI) was approved [1] following the completion of the respective Rel-12 LTE NAICS SI [2]. In the study item stage the final agreements on the possibility of the blind detection were not reached and it was concluded that “blind detection for some parameters was found acceptable in terms of complexity and performance in some cases, but not in some other cases and further study is needed”. At the WI stage the RAN4 WG needs to continue the respective studies with the goal to “Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.”
The set of interference signal parameters required to enable NAICS operation was identified in the SI stage and captured in the NAICS TR [3]. In general, the parameters can be classified as semi-static and dynamic depending on the variation granularity in time. The dynamic parameters are mainly related to the PDSCH interference signals and the exact set of parameters and respective detection algorithms differ for CRS and DMRS based transmission modes. In this contribution we address the problem of detection of the dynamic interference signal parameters for the case of DMRS-based transmission modes.

2. Discussion
In the SI stage the following agreements on the DMRS-based PDSCH parameters detection were reached [4]:

· Blind detection for some parameters was found acceptable in terms of complexity and performance in some cases (e.g., under some interference conditions), but not in some other cases and further study is needed. 

· For all transmission modes, at least the modulation order can be blindly detected assuming all other parameters are known.

· For all transmission modes, the presence of interference PDSCH can be blindly detected assuming all other parameters are known.

· For DMRS-based TMs, at least DMRS ports (with restriction to port 7/8) and modulation order can be blindly detected assuming all other parameters are known.
In our view, the agreements above are not complete and further discussion is required to derive the final conclusions. For instance, additional clarifications on the parameters restrictions are required.
Interference parameters detection
To enable operation of the enhanced IS/IC receivers the knowledge of the following dynamic DMRS-based PDSCH interference signals parameters is needed:

· PDSCH signal presence or absence
· PDSCH DMRS APs

· PDSCH DMRS sequence including nSCID, (Virtual) Cell ID

· PDSCH modulation format (MF)
In this paper, we focus on the aspects related to the detection of the dynamic parameters and for the performance analysis we make an assumption that semi-static parameters are known (incl. physical Cell IDs, candidate Virtual Cell IDs, number of CRS ports, and MBSFN patterns corresponding to the dominant interferers).
The detection of the dynamic parameters can be split into interference signal presence detection (DMRS detection) and modulation format detection. For the latter one, the detection approaches described in [5] can be applied. Meanwhile, the interference signal presence, APs, (Virtual) Cell ID and nSCID can be detected using DMRS processing and, in particular, via detection of the presence of corresponding DMRS signals. The signal presence detection can be done via estimation of the DMRS signal SNR and its comparison to the pre-defined threshold value which can be chosen in way to allow desired trade-off between the miss detection and false alarm probability. To achieve good detection performance for the interference signals an accurate channel estimation should be done. For instance, the DMRS-IC based channel estimation algorithm can be considered.
Modulation format detection

The key factors which affect the complexity of the modulation format detection are highlighted in [4] and include number of processed REs, number of interference/serving cell layers, parameter variation granularity and the number of considered hypothesis.

For the prior RAN4 analysis the detection between QPSK, QAM16 and QAM64 modulation formats was considered. At the same time the QAM256 modulation format is expected to be introduced in LTE Rel-12. From the performance perspective, the NAICS receivers operating at symbol-level (i.e. SL-IC and R-ML) are expected to provide relatively small gains in case of using QAM256 interference signals. From the complexity perspective, the detection of QAM256 interference may results in additional blind detection algorithm complexity. So, we suggest, not to mandate using NAICS for QAM256 interference handling and consider {QPSK, QAM16, QAM64} modulation subset for blind detection. The possibility of applying the respective restrictions should be studied by the RAN1 WG.

Proposal 1: Blind detection of QAM-256 modulation format should not be required. The subset of modulation formats for blind detection is {QPSK, QAM16, QAM64}.

DMRS detection
The DMRS detection algorithm complexity is mainly determined by the number of considered DMRS signal hypothesis. Hence, to keep feasible complexity the total number of DMRS signal candidate should be kept at reasonable level. This total number of DMRS hypothesis depends on the following factors:

· Number of considered neighbouring cells Physical/Virtual Cell ID hypothesis, 
· Number of considered DMRS APs;
· Number of nSCID hypothesis.
To limit the algorithm complexity the total number of hypothesis should be reduced and the restrictions on the above parameters need to be applied.
Observation 1: DMRS detection complexity can be reduced via reduction of the possible interference signal hypothesis including the reduction of the number of handled interference cells, number of considered DMRS APs and number of nSCID hypothesis
DMRS based transmission modes
Depending on the reference signal initialization procedure, the DMRS TMs can be categorized into UE-specific (TM7) which require the RNTI for the sequence generation and cell-specific (TM8-10) which use either Cell ID or Virtual Cell ID for the sequence initialization. The UE-specific RNTI detection is not feasible and its signalling may also cause large overhead. So, we propose to restrict the TM7 interference detection and focus on TM8-10 parameters detection.
Proposal 2: NAICS receivers are not required to handle TM7 interference.
DMRS antenna ports
For the TM8-10, the DMRS APs 7-14 are associated with the PDSCH. Depending on the scheduling decision (i.e. transmission rank, HARQ retransmission) only a subset of APs can be present in the signal. Either DMRS AP 7 or AP 8 is always present in the transmission. However, the presence of the remaining APs is optional and if APs 9-10 (and 13-14) are not present the corresponding DMRS REs may be occupied by the PDSCH transmission instead. So, with regards to the DMRS APs presence in the useful and interference signals different collision scenarios can be distinguished (see Table 1). If interference cell DMRS APs REs collide with serving cell data, the detection of the interference parameters can suffer. At the same time, in case the serving cell has APs 7-10 the total number of handled layers becomes too high for the NAICS receiver. So, for the Rel-12 NAICS framework we suggest focusing on the scenario when both serving and interference cell transmissions use APs 7-8. In particular, the NAICS receiver is suggested to be allowed to make assumption that interference signal transmission is limited by the APs 7-8.
Table 1. DMRS collision scenarios

	Serving cell
	Interference cell
	Comment

	AP 7-8
	AP 7-8
	· Serving cell DMRS collide with interference cell DMRS

	AP 7-8
	AP 7-10
	· Serving cell DMRS AP7-8 collide with interference cell DMRS AP7-8.
· Interference cell DMRS AP9-10 collide with serving cell data.

· The interference signal detection for APs 9-10 can be penalized

	AP 7-10
	AP 7-8
	· Serving cell DMRS AP7-8 collide with interference cell DMRS AP7-8

· Serving cell DMRS AP9-10 collide with interference cell data

· In case of multi-layer serving cell layers the NAICS complexity may be a limiting factor


Proposal 3: NAICS receiver is not required to handle DMRS APs other than APs 7 and 8.
TM10 interference parameters detection

For the TM8-9 the DMRS sequence is initialized using physical Cell ID, while for the TM10 the DMRS sequence is initialized using Virtual Cell ID which is higher-layer signalled. 
To detect the presence of the TM10 based PDSCH interference signals the knowledge of the “Virtual Cell ID” parameters is required. The virtual cell ID is used for scrambling the UE-specific DMRS sequence and is higher-layer signalled. The pure blind detection of the respective interference parameter is not feasible due large amount of possible hypothesis and reduced amount of REs available for the processing (e.g. comparing with the Cell ID detection). So, the UE is recommended to be informed on the subset of possible Virtual Cell ID values for the dominant interferers.
In practical deployment, the eNB may have a mix of TM8-9 and TM10 UEs (e.g. UEs with different capabilities). Hence, in general case the TM8-9 and TM10 transmissions in the neighbouring cells may collide. If UE does not know that the UE has either TM8-9 or TM10, then it will need to handle increased amount of detection hypothesis including the possible set of physical Cell ID values for TM8/9 and set of Virtual Cell ID values for TM10. Hence, in this case the detection complexity will increase and this situation is undesirable. To resolve the issue the subset of possible Virtual Cell ID values should be minimized. For instance, to limit the detection complexity the UE can be informed on the one Virtual Cell ID value corresponding to the dominant interferer.

Proposal 4: The UE is informed on one Virtual Cell ID value corresponding to dominant interferer for TM 10.

nSCID

The nSCID is one of the parameters which has direct impact on the total number of detection hypothesis. To reduce the amount of DMRS candidates for the TM8/9 parameters detection the network coordination and higher layer signalling of the parameter should be studied by the RAN1 WG. Meanwhile, RAN4 should assume that nSCID detection is required. For the case of TM10 transmissions the nSCID and Virtual Cell ID are tightly coupled and change simultaneously. In this case, the respective nSCID values are recommended to be signalled along with the Virtual Cell ID.

Proposal 5: Blind detection of nSCID is not required for TM10. The Virtual Cell ID to nSCID mapping is signalled by higher layers.
Interference parameter granularity

The basic dynamic PDSCH related interference signal parameters granularity assumptions were discussed by the RAN4 at the SI stage and it was noted to be identical to the minimal PDSCH scheduling granularity:
· Per subframe (TTI) granularity in time domain

· Per PRB granularity in frequency domain.
However, the single PRB granularity in frequency domain can be too restrictive in terms of both blind detection complexity and performance. In case if UE makes an assumption on the larger parameters granularity better performance can be achieved. With respect to the DMRS-based PDSCH interference the following types of parameter granularity can be considered:

· Resource allocation granularity (i.e. interference presence and modulation format). In this case the minimal PDSCH scheduling granularity is restricted and PDSCH is forced to occupy minimum several PRB pairs so that signal presence and fixed modulation format is guaranteed. From the UE detection perspective the same DMRS sequence is used across several PRBs and the interference presence detection reliability can be improved via signal combining over several PRBs. Furthermore, the modulation format detection reliability can be improved or the respective algorithm complexity can be reduced. At the same time, larger interference parameter granularity (i.e. parameter bundling) results in increased eNB scheduling granularity. So, the respective impacts on the system performance should be studied by the RAN1 WG.
· Precoding granularity. In this case the UE may assume that the same precoding is used across several PRBs for the interference signal. Hence, the interference channel estimation accuracy can be improved via joint detection over several PRBs. In addition the detection reliability will also be improved. Furthermore, in case of using this assumption the performance of the genie-aided receiver can be improved as well due to better channel estimation. In fact, this assumption is equivalent to the serving cell PRB bundling functionality. However, in application to the interference cell processing the interference presence should be also guaranteed. With respect to the granularity, the precoding bundling may not be strictly connected with the interference scheduling granularity. For instance, one PRG precoding granularity can be considered (similar to the serving cell PRB bundling), while resource allocation granularity can be restricted to 1 or 2 RBGs. 
In Section 3 we provide the simulation results which illustrate the benefits of using parameter bundling approach for the interference. Based on these results and the expected impact on the complexity reduction we propose to introduce restrictions on the parameters granularity in frequency domain. For instance, the 2 RBG resource allocation granularity can be considered. Additionally, 1 PRG restriction on the interferer precoding bundling is required.
Proposal 6: The interference parameters resource allocation granularity (interference signal presence, modulation format) is restricted to 2 RBGs. One PRG restriction on the interferer precoding bundling is used.
3. Performance analysis

In this section we provide the results of the performance analysis with the goal to illustrate interference parameters detection impact on NAICS performance for the DMRS-based TMs. Additionally, we study the potential system improvements in case of using interference parameters bundling. In Section 3.1 the simulation assumptions are described, while the simulation results are provided in Section 3.2.

3.1 Simulation assumptions

The impact of the blind interference parameters detection on the performance of R-ML receiver is analyzed and the following receiver types are considered for the analysis:

· Baseline LMMSE-IRC receiver;

· Genie-aided R-ML receiver;
· R-ML receiver with blind interference parameters detection;

For the analysis of interference parameters detection we make the following assumptions

· Interference signal presence/absence (Physical Cell ID, DMRS APs, nSCID) is blindly detected;

· Modulation format is blindly detected;

· The information on all the remaining parameters is available at the UE.
The NAICS receiver’s performance is analyzed for scenarios with different assumptions on the interference parameters granularity which are listed in Table 2. To have fair performance comparison between the scenarios the same blind detection complexity is considered. Furthermore, for it is assumed that genie-aided receiver exploits knowledge on the interference precoding granularity.
Table 2. Interference parameters granularity scenarios
	Bundling scenario
	Interference resource allocation granularity assumptions for blind detection
	Interference precoding granularity assumptions for blind detection

	No bundling scenario
	1 PRB
	1 PRB

	Bundling Scenario #1
	1 RBG (3 PRB @ 10MHz BW)
	1 PRB

	Bundling Scenario #2
	1 RBG (3 PRB @ 10MHz BW)
	1 PRG (3 PRB @ 10MHz BW)


The remaining simulation assumptions are summarized in the Annex.
3.2 Simulation results

Both blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver and the loss vs. the genie-aided receiver were analyzed. Below we show the simulation results for the selected scenarios to illustrate the impact of interference parameters granularity on the demodulation performance:

· Figure 1: 50% I1/Noc I1/Noc = 7.77 dB I2/Noc = 2.29 dB. Interference cell MCS {5}, {5}. Serving cell {5}.
· Figure 2: 50% I1/Noc I1/Noc = 7.77 dB I2/Noc = 2.29 dB. Interference cell MCS {5}, {5}. Serving cell {14}.

· Figure 3: 80% I1/Noc I1/Noc = 13.91 dB I2/Noc = 3.34 dB. Interference cell MCS {5}, {5}. Serving cell {5}.

· Figure 4: 80% I1/Noc I1/Noc = 13.91 dB I2/Noc = 3.34 dB. Interference cell MCS {5}, {5}. Serving cell {14}.
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	Figure 1. PDSCH throughput (50% I1/Noc, MCS {5,5,5}, RI{1,1,1})
	Figure 2. PDSCH throughput (50% I1/Noc, MCS {14,5,5}, RI{1,1,1})
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	Figure 3. PDSCH throughput (80% I1/Noc, MCS {5,5,5}, RI{1,1,1})
	Figure 4. PDSCH throughput (80% I1/Noc, MCS {14,5,5}, RI{1,1,1})


The simulation results for the remaining scenarios are summarized in Table 3 and Table 4 for the blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver and the loss vs. the genie-aided receiver. The results summary is also illustrated in Figure 2 and Figure 3.
Table 3. Blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]
	Interf. profile
	Interf. pattern
	Interf. cell RI {I1},{I2}
	Interf. cell MCS
{I1},{I2}
	Serving cell MCS
	Blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]

	
	
	
	
	
	No Bundling
	Bundling 
Scenario #1
	Bundling 
Scenario #2

	50% I1/Noc
I1/Noc = 7.77 dB
I2/Noc = 2.29 dB
	ON/ON
	{1},{1}
	{5},{5}
	{5}
	2,0
	2,0
	2,2

	
	
	
	
	{14}
	1,4
	1,4
	1,7

	
	
	{1},{1}
	{14},{14}
	{5}
	0,7
	0,9
	1,1

	
	
	
	
	{14}
	0,3
	0,5
	0,7

	
	
	{1},{1}
	{25},{25}
	{5}
	0,3
	0,6
	0,8

	
	
	
	
	{14}
	0,2
	0,4
	0,5

	80% I1/Noc
I1/Noc = 13.91 dB
I2/Noc = 3.34 dB
	ON/ON
	{1},{1}
	{5},{5}
	{5}
	3,6
	3,6
	4,5

	
	
	
	
	{14}
	3,0
	3,2
	3,7

	
	
	{1},{1}
	{14},{14}
	{5}
	1,4
	1,4
	1,5

	
	
	
	
	{14}
	0,8
	1,0
	1,3

	
	
	{1},{1}
	{25},{25}
	{5}
	0,3
	0,3
	0,4

	
	
	
	
	{14}
	0,1
	0,1
	0,5


Table 4. Blind R-ML receiver SNR loss vs. genie aided R-ML receiver @ 70% throughput, [dB]
	Interf. profile
	Interf. pattern
	Interf. cell RI {I1},{I2}
	Interf. cell MCS
{I1},{I2}
	Serving cell MCS
	Blind R-ML receiver SNR loss vs. genie aided R-ML 
receiver @ 70% throughput, [dB]

	
	
	
	
	
	No Bundling
	Bundling 
Scenario #1
	Bundling 
Scenario #2

	50% I1/Noc
I1/Noc = 7.77 dB
I2/Noc = 2.29 dB
	ON/ON
	{1},{1}
	{5},{5}
	{5}
	1,9
	1,9
	1,7

	
	
	
	
	{14}
	1,3
	1,3
	1,0

	
	
	{1},{1}
	{14},{14}
	{5}
	0,8
	0,6
	0,4

	
	
	
	
	{14}
	0,4
	0,2
	0,0

	
	
	{1},{1}
	{25},{25}
	{5}
	0,9
	0,6
	0,4

	
	
	
	
	{14}
	0,3
	0,1
	0,0

	80% I1/Noc
I1/Noc = 13.91 dB
I2/Noc = 3.34 dB
	ON/ON
	{1},{1}
	{5},{5}
	{5}
	1,8
	1,8
	0,9

	
	
	
	
	{14}
	2,0
	1,8
	1,3

	
	
	{1},{1}
	{14},{14}
	{5}
	0,9
	0,9
	0,8

	
	
	
	
	{14}
	0,9
	0,7
	0,4

	
	
	{1},{1}
	{25},{25}
	{5}
	0,8
	0,8
	0,7

	
	
	
	
	{14}
	0,7
	0,7
	0,3
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Figure 2. Blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]
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Figure 3. Blind R-ML receiver SNR loss vs. genie aided R-ML receiver @ 70% throughput, [dB]
Based on the analysis of these results we make the following observations:

· Using joint blind detection of the DMRS-based PDSCH signal parameters allows achieving performance improvement comparing with the baseline receivers in the considered scenarios.

· Using joint blind detection of the DMRS-based PDSCH signal parameters results in tolerable performance degradation comparing with the genie-aided receivers in the considered scenarios.

· In case of using 3 PRB interference resource allocation granularity assumptions (Bundling scenario #1) the blind receiver performance can be improved (up to 0.4 dB) comparing to the 1 PRB resource allocation assumption.
· In case of using assumptions on the 3 PRB interference resource allocation and similar precoding granularity (Bundling scenario #2) the blind receiver performance is noticeably improved comparing to the 1 PRB resource allocation assumption (0.1 – 0.9 dB improvement).

4. Conclusions

In this contribution, we provided our views on the blind interference parameters detection impacts on the demodulation performance requirements. In summary, we make the following conclusions and proposals:
Conclusions:

· The detection of the DMRS-based PDSCH signal parameters (PDSCH presence, DMRS APs, nSCID, modulation format) can be reliable in the investigated scenarios under proposed restrictions on the interference parameters values and granularity.
· The complexity of the DMRS-based PDSCH signal parameters detection should be reduced via applying restrictions on the maximum number of possible DMRS signal hypothesis and minimal interference parameters resource allocation and precoding granularity.
· Further investigation of the DMRS-based PDSCH signal parameters detection should be done and needs to take into account practical time/frequency offset synchronization errors.

Proposals:

Proposal 1: Blind detection of QAM-256 modulation format should not be required. The subset of modulation formats for blind detection is {QPSK, QAM16, QAM64}.

Proposal 2: NAICS receivers are not required to handle TM7 interference.
Proposal 3: NAICS receiver is not required to handle DMRS APs other than APs 7 and 8.
Proposal 4: The UE is informed on one Virtual Cell ID value corresponding to dominant interferer for TM 10.

Proposal 5: Blind detection of nSCID is not required for TM10. The Virtual Cell ID to nSCID mapping is signalled by higher layers.
Proposal 6: The interference parameters resource allocation granularity (interference signal presence, modulation format) is restricted to 2 RBGs. One PRG restriction on the interferer precoding bundling is used.
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Annex

Table A. Link level simulation parameters

	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Interferer cell #1: 6

Interferer cell #2:  1

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	HARQ modeling
	Maximum 4 HARQ retransmissions

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

Interference profile #1: 50%-tile I1/Noc: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
Interference profile #2: 80%-tile I1/Noc: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB
ON/ON interference profile

	Transmission mode of useful signal
	TM9, RI = 1

	Resource allocation of useful signal
	50 PRB

	Modulation and code rate of useful signals
	MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

	Interference transmission mode
	TM9, RI = 1

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

MCS 14: QAM16, Rate ½
MCS 25: QAM64, Rate ¾
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