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1. Introduction

The main RAN4 WG objective of the NAICS WI [1] is 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 [2]. In general, the parameters can be classified as either semi-static or 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 detection of the dynamic interference signal parameters for the case of DMRS-based transmission modes.
In the previous RAN4 WG meeting the following agreements on the dynamic interference parameters detection were reached [3-4] (in application to DMRS based TMs):

· DMRS based TMs: Dynamic parameters namely modulation, RI, DMRS ports, nSCID, and presence of interferer can be jointly and blindly detected for 2 DMRS ports (port 7 and 8) under assumption that remaining semi-static parameters and TM are known and under scenarios studied in RAN4

· Known parameters are assumed to be signalled or blindly detected correctly

· TM7 not supported by NAICS

· For TM10, blind detection of nSCID is FFS

· 4 Tx with 2 DMRS ports needs confirmation

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS

· For information, agreements above hold true at least for the following assumptions. Other assumptions are not precluded.

· Serving cell with two interferers: Cell ID (0, 6, 1), CRS ports (2-tx), No MBSFN and no detection at UE

· Synchronized deployment with SFN alignment, same CP, slot alignment, no frequency error

· P_B known (P_B = 1), LVRB
· Additional scenarios for study in RAN4 

· NAICS performance under mixed TM scenarios should be studied. 

· Non-colliding CRS pattern for the dominant interferer should be considered in NAICS study

In this contribution we address the remaining aspects of dynamic interference PDSCH signal parameters detection for the case of using DMRS-based transmission modes in the serving cell. In particular, we provide our views on the following:

· DMRS-based PDSCH interference handling (DMRS/DMRS TMs scenario):
· Interference DMRS-based PDSCH parameters granularity (Section 2.1);
· Time and frequency offsets impacts on the performance (Section 2.2);
· CRS-based PDSCH interference handling (DMRS/CRS TMs scenario) (Section 3).

In the companion paper [5], we also share our considerations on the detection/signalling of the TM10 related parameters such as Virtual Cell ID subset, nSCID and QCL signalling detection.

2. DMRS-based PDSCH interference handling

In this section we address the interference handling in the case of using DMRS-based serving cell and interference cell transmission modes.
2.1 Interference parameters granularity

In the previous RAN4 WG meeting the impact of the interference parameters granularity was discussed and it was agreed that UE can assume that interference PDSCH signal has at least 1 PRB pair granularity in time domain. At the same time, no agreements on the frequency domain granularity were reached. Meanwhile, the minimal PDSCH scheduling granularity in frequency is equal to one PRB. From the NAICS receiver blind detection complexity and performance perspective such assumption can be too restrictive. 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 (RA) 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. 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 complexity can be reduced.

· Precoding granularity. In this case the UE may assume that the same interference signal precoding is used across several PRBs. Hence, the interference channel estimation accuracy can be improved via joint detection over several PRBs. Furthermore, the performance of both the genie-aided and blind receivers can be improved due to better channel estimation. 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.

The detailed performance analysis of the interference parameters bundling on the NAICS performance for DMRS modes was provided in our contribution in the last meeting [6]. In particular, the performance of blind NAIC receivers was analyzed for scenarios with different assumptions on the interference parameters granularity listed in Table 1. The simulation results summary is illustrated in Figure 1 and Figure 2.
Table 1. Interference parameters granularity scenarios

	Scenario
	Interference RA granularity assumptions
	Interference precoding granularity assumptions

	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)
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	Figure 1. Blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]
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	Figure 2. Blind R-ML receiver SNR loss vs. genie aided R-ML receiver @ 70% throughput, [dB]


Based on the analysis of these simulation results we make the following observations:

Observations:

· 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 RA 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 (up to 0.9 dB improvement).

So, from the link-level performance and UE implementation perspectives the potential benefits of using the information on the increased RA and precoding granularity at the UE side are evident. Meantime, from the system design perspective the increased RA granularity implies restriction on the eNB scheduler and hence might impact the performance at system level (especially in case of small packet transmissions). So, we think that there are several aspects which should be decided by the RAN1/RAN4 WGs:

· Minimum RA granularity required for NAICS receivers. Using N PRBs minimum RA granularity can be required to enable feasible NAICS operation. The noticeable reduction of UE complexity can be achieved and performance can be improved. In our view, from the RAN4 link-level analysis and complexity perspectives the minimum RA granularity is recommended be restricted to at 1-2 RBGs (3-6 PRBs for 10MHz BW). At the same time if the minimum granularity is restricted be more than 1 PRB (i.e. N > 1), certain impact on the system-level can be expected which should be evaluated by the RAN1 WG.
· Optional signalling to inform UE that eNB uses larger RA granularity. Depending on traffic conditions the eNB may consider to apply increased RA granularity comparing to the minimum one. So, some optional signalling to inform UE that eNB uses larger RA granularity can be used. In our view, the presence of such signalling would be helpful to improve the detection performance and reduce complexity. At the same, time no impact on the system is expected, as eNB is not required to provide this information.
· Precoding granularity. As mentioned above, the information on whether precoding bundling is used in the neighbouring cell is beneficial for NAICS receivers. So, the eNB may inform the UE in case if it uses precoding bundling for DMRS modes along with minimum or increased RA granularity. However, further discussion in RAN1 WG is required whether any impacts on the system performance are expected in case the eNB applies precoding bundling for all DMRS based transmissions in a cell and whether such restrictions are feasible from the eNB scheduler perspective.
Proposals:
1. Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for DMRS based transmission modes. Consider using 1-2 RBGs as a minimum interference granularity for the case of NAICS operation if such restrictions are feasible from the RAN1 view. Consider to optionally inform UE that neighbouring cell uses larger RA than the minimum one.

2. Recommend RAN1 WG to study the restriction of precoding bundling for DMRS-based TMs in case of NAICS operation and introduce mechanism to inform UE on interferer cell precoding bundling granularity if such restrictions are feasible.

2.2 Time / Frequency offset impact

The prior RAN4 analysis of the NAICS performance was mainly done in the assumption of perfect time and frequency alignment between the serving and interference cells receive signals. In practical networks the UE will experience certain time and frequency offsets between the signals due to imperfect transmitter synchronization and propagation effects. Meantime, introduction of the realistic time and frequency offsets might affect the NAICS receivers performance. In case if no compensation mechanisms are used, the accuracy of both interference and serving cell channel estimates may suffer. At the same time, it is well known that the enhanced non-linear receivers (e.g. R-ML) may be more sensitive to the accuracy of the channel estimation comparing to the baseline LMMSE-IRC receivers. So, in general case the noticeable impact on the performance might be expected. Hence the time/frequency offset compensation mechanism needs to be applied. 

To enable the phase offset compensation, reliable estimates of the interference time/frequency offsets are required. The estimates can be obtained using CRS, NZP CSI-RS (for time) or DMRS processing. For the case of the TM8/9 interference signals either CRS or DMRS can be used. To enable using NZP CSI-RS for time offset estimation, the respective higher-layer signalling is needed. Meanwhile, for the case of the TM10 interference UE can use DMRS only. To be able to use CRS and CSI-RS the semi-static signalling of the QCL parameters is needed. In the Rel11 DL CoMP framework the similar issue was studied and it was agreed to introduce QCL signalling to allow UE using CRS and CSI-RS based measurements. The main reasons is that the DMRS based estimation may suffer in case of narrowband PDSCH transmission.
Below, we analyze the realistic time/frequency offsets impacts on the blind R-ML NAICS receiver performance for the case when both serving and interference cells use DMRS-based transmission modes. For the analysis we use 200 Hz frequency and 2mus time offsets which were agreed in the application to the DL CoMP and EPDCCH RAN4 demodulation tests. The set of considered scenarios is provided in Table 2. The remaining simulations assumptions are provided in the Annex Table A1.
Table 2. Time/frequency offset impact analysis scenarios

	Scenario
	Time/frequency offsets
	Time/frequency offsets estimation/compensation

	Scenario #1
	No time/frequency offsets
	No compensation

	Scenario #2
	200Hz, 2mus
	No compensation

	Scenario #3
	200Hz, 2mus
	DMRS based estimation/compensation (1 and 12 PRB)

	Scenario #4
	200Hz, 2mus
	CRS based estimation/compensation (50 PRB)


The typical simulation results are illustrated below:

· Figure 3: 50%-tile I1/Noc, I1/Noc = 7.77 dB, I2/Noc = 2.29 dB. Interference cell MCS {5}, RI {1}. Serving cell MCS {5}, RI {1}.

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


The simulation results summary is provided in Figure 5 and Figure 6 for different interference conditions and different transmission parameters (MCS) used in the serving and interference cells.

	[image: image5.png]Blind R-ML receiver SNR gain vs. LMMSE-IRC, [dB]

{5}, {NA} |{14}, {NA}[{25}, {NA}| {5}, {NA} | {14}, {NA}|{25}, {NA}| {5}, {NA} [{14}, {NA}{25}, {NA}| {5}, {NA} [{14}, {NA}|{25}, {NA}| Interference Cell MCS
{5} {14} Serving Cell MCS
50% 11/Noc 80% 11/Noc Interference Power Profile

mScenario #2 W Scenario #3 (1PRB)  ® Scenario #3 (12 PRB) M Scenario #4 M Scenario #1





	Figure 5. Blind R-ML receiver SNR gain vs. LMMSE-IRC, [dB]
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	Figure 6. Blind R-ML receiver SNR loss vs. Scenario #1, [dB]


Based on the analysis of these simulation results we make the following observations.
Observations:

· In case if no time/frequency offset compensation is applied the noticeable performance degradation is observed for blind R-ML receivers comparing to the case of perfectly synchronized serving and interference cell signals. In the majority of cases NAICS receivers cannot achieve gains over LMMSE-IRC receiver.

· In case of using DMRS-based time/frequency offset compensation certain improvement can be achieved in case UE can use large number of PRBs (more than 12 PRBs) for the time/frequency offset estimation. In case of low number of PRBs (1 PRB) marginal performance improvement over LMMSE-IRC is achievable and the loss vs. no time/frequency offset case is noticeable.

· In case of using CRS-based time/frequency offset compensation good performance can be achieved and small performance degradation comparing to the case of perfectly synchronized signals is observed.
The results clearly indicate that time/frequency offset of the interference cell should be compensated in the course of NAICS processing. Furthermore, to achieve reliable phase offset estimation the estimation should be done using the neighbouring cell CRS rather than DMRS. As mentioned above, for the case of TM8/9 interference the UE can determine the CRS corresponding to the neighbouring cell transmission (i.e. CRS associated with the Physical Cell ID), while for the TM10 interference case such information is not available. In addition, for the TM10 interference case the information on the CSI-RS may be required in order to enable parameter estimation in the CoMP Scenario 4. So, the NAICS higher-layer signalling should include the TM10 QCL parameters corresponding to the dominant neighbouring cells. In particular, the QCL information should be provided for each configured Virtual Cell ID value.
In addition, we would like to note that from the implementation perspective the UE with TM10 capabilities already support the CRS/CSI-RS time and frequency offset tracking for several TPs. So, using DMRS will introduce additional overhead in terms of implementation.

Proposals:
3. Inform UE on the QCL parameters of the dominant TM10 interferer(s).
3. CRS-based PDSCH interference handling
The prior RAN4 WG analysis was focused on scenarios when both serving and interference cells use either CRS or DMRS-based transmission modes and noticeable performance gains were observed. Meanwhile, in practical networks such conditions cannot be guaranteed and the mixture of CRS and DMRS transmission modes may happen [7]. The NAICS performance in such scenarios should be studied as well. In particular, it is important to identify whether NAICS receivers still can achieve performance gains and whether any specific mechanisms to avoid performance degradation should be considered.

Below we consider the case when the serving cell has DMRS based transmission mode, while the interfering cell uses CRS-based PDSCH transmission (i.e. DMRS/CRS TMs scenario). In this case the serving cell channel estimation accuracy will degrade comparing to the DMRS/DMRS TMs scenario as enhanced DMRS-IC based channel estimation which is considered to be an essential part of the NAICS receiver cannot be applied. Meanwhile, the interference channel estimates can be obtained using on the CRS REs and extrapolated to the PDSCH based on the estimate of the interference cell spatial precoding (MIMO mode, PMI, RI) and power boosting (PA). For the colliding CRS scenario the interference channel estimates can be rather accurate since CRS-IC based channel estimation can be used.
Genie-aided receivers
To understand the feasibility of using NAICS receivers in such scenarios first we analyze the genie-aided R-ML receiver performance in such scenario. In addition, the results for the DMRS/DMRS scenario (TM9/TM9) are provided to illustrate the achievable NAICS receiver gains. The respective simulations assumptions are provided in the Annex Table A1. Below, we illustrate the simulation results for the following scenarios:
· Figure 7: 50%-tile I1/Noc, I1/Noc = 7.77 dB, I2/Noc = 2.29 dB. Interference cell MCS {5}, RI {1}. Serving cell MCS {5}, RI {1}.

· Figure 8: 50%-tile I1/Noc, I1/Noc = 7.77 dB, I2/Noc = 2.29 dB. Interference cell MCS {5}, RI {1}. Serving cell MCS {14}, RI {1}.

· Figure 9: 80%-tile I1/Noc, I1/Noc = 13.91, dB I2/Noc = 3.34 dB. Interference cell MCS {5}, RI {1}. Serving cell MCS {5}, RI {1}.

· Figure 10: 80%-tile I1/Noc, I1/Noc = 13.91, dB I2/Noc = 3.34 dB. Interference cell MCS {5}, RI {1}. Serving cell MCS {14}, RI {1}.
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	Figure 7. PDSCH throughput (50% I1/Noc, 
Interference cell MCS {5}, Serving cell MCS {5})
	Figure 8. PDSCH throughput (50% I1/Noc, 
Interference cell MCS {5}, Serving cell MCS {14})
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	Figure 9. PDSCH throughput (80% I1/Noc, 
Interference cell MCS {5}, Serving cell MCS {5})
	Figure 10. PDSCH throughput (80% I1/Noc, 
Interference cell MCS {5}, Serving cell MCS {14})


The simulation results summary is provided in Figure 11 for different interference conditions and different transmission parameters (MCS) used in the serving and interference cells.
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	Figure 11. Genie-aided R-ML receiver SNR gain vs. LMMSE-IRC, [dB]


Based on the analysis of these results we make the following observations with respect to NAICS performance in case of mix of DMRS based serving cell and CRS based interference transmission modes.

Observations:

· Genie-aided NAICS receivers allow achieving small performance gains or even might have performance degradation comparing to the LMMSE-IRC receivers;
· The relative NAICS performance gains degrade for higher INR conditions due to impact on the serving cell channel estimation accuracy.
· The NAICS performance in the considered scenario significantly depends on the serving cell channel estimation accuracy and can be improved in case precoding bundling is applied for the serving cell transmissions.

· The NAICS performance gains are substantially lower comparing to the DMRS/DMRS TMs scenario.
Blind receivers
Hence, even the genie-aided receivers are not capable to ensure performance gains in the considered scenario due to inaccurate channel estimation. Meanwhile, using blind detection of the interference parameters the following performance can be achieved:

· If UE applies DMRS-based PDSCH parameters detection only (i.e. no CRS-based PDSCH detection is not used), the UE will likely not detect any interference and will fallback to the LMMSE-IRC receiver, hence ensuring no loss comparing to the legacy receiver performance.
· In case if UE tries to also make CRS-based PDSCH parameters detection (after failing with DMRS detection) the performance will further degrade comparing to the genie-aided receiver due to less accurate parameters estimation.
Additionally, we would like to note that using DMRS modes is more likely considered in the application to the systems using 4 Tx antennas. Meanwhile, the detection of the CRS-based PDSCH interference in case of 4 CRS APs will impose significant UE computational burden.
So, in our view using NAICS receivers in such scenarios should be disabled. To ensure no performance loss and no impact on the system in terms of scheduling restrictions, UE working in the DMRS-based TM may perform DMRS-based PDSCH detection only. If the DMRS interference is not detected, UE can fallback to the LMMSE-IRC behaviour.
Proposals:

4. Do not require using NAICS receivers for the case of the mix of DMRS based serving cell TMs and CRS based interference TMs. UE can autonomously detect the absence of DMRS interference and fallback to LMMSE-IRC to ensure no loss vs. baseline receiver.
4. Conclusions

In this contribution we have provided our views on the remaining aspects of the detection of the dynamic interference PDSCH signal parameters for the case of DMRS-based transmission in the serving cell. In summary, we make the following proposals:
Proposals:

1. Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for DMRS based transmission modes. Consider using 1-2 RBGs minimum interference granularity for the case of NAICS operation if such restrictions are feasible from the RAN1 view. Consider to optionally inform UE that neighbouring cell uses larger RA than the minimum one.

2. Recommend RAN1 WG to study the restriction of precoding bundling for DMRS-based TMs in case of NAICS operation and introduce mechanism to inform UE on interferer cell precoding bundling granularity if such restrictions are feasible.

3. Inform UE on the QCL parameters of the dominant TM10 interferer(s).
4. Do not require using NAICS receivers for the case of the mix of DMRS based serving cell TMs and CRS based interference TMs. UE can autonomously detect the absence of DMRS interference and fallback to LMMSE-IRC to ensure no loss vs. baseline receiver.
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Annex – Link-level simulation assumptions
Table A1. 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
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

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

Interference pattern

Section 2.1: ON/ON interference profile

Section 2.2 and 3: ON/OFF interference profile

	Transmission mode of useful signal
	TM9, RI = 1

	Resource allocation of useful signal
	Section 2.1: 50 PRB

Section 2.2 and 3: 12 PRB

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

	Interference transmission mode
	Section 2: TM9, RI = 1

Section 3: TM4, 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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