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1. Introduction

One of the main NAICS WI [1] tasks is the identification of the semi-static interference parameters required to enable NAICS operation and especially those that can be blindly detected or require higher-layer signalling. In the previous RAN1, RAN4 meetings, and RAN1 follow-up e-mail discussion a number of agreements with respect to the NAICS interference semi-static parameters were reached [2-4]. However, the final agreements on the TM10 interference related parameters were not reached: 
RAN4 agreements [2]

· Parameters that RAN4 found benefit in complexity and performance if RAN1 defines the HL signalling with subset restrictions.

· Virtual Cell ID for the TM10 interference

· The maximum number of combinations of VCID and nSCID subset needs to be limited to reduce UE implementation complexity

· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· QCL information if interference is TM10

RAN1 agreements [3]
· The following parameters of interfering cells are signalled by higher layer

· Restricted subset of combination of virtual cell ID and nSCID for TM10

· Maximum subset size of combination of virtual cell ID and nSCID is in the range from 6 to 12, but number of blind detection in a subframe may be less than maximum subset size of combination of virtual cell ID and nSCID

· The following parameters of interfering cells are signalled by higher layer

· FFS: QCL
In this paper, we continue discussion on the possibility of the TM10 interference handling and share our views on the associated higher-layer signalling that would enable such processing.
2. Discussion

In our view there are several aspects which need to be addressed with respect to the TM10 interference handling: the TM10 presence detection and feasible number of virtual cell ID and nSCID hypothesis, interferer time/frequency offset compensation and need for QCL signalling, associated UE capabilities and other required parameters to handle TM10 interference.

TM10 presence detection
In case of TM10 interference presence detection (i.e. VCID+nSCID pair and DMRS AP detection), UE does not have a priory information on the power levels of the potential interferer candidates and cannot use CRS RSRP based approach for the selection of dominant interferers and should rather attempt to find the PDSCH dominant interferer. In the latter case, UE needs to detect the presence and power level for each TM10 interferer candidate in addition to the conventional TM9 interference candidates (which include at least 4 hypothesis for single Cell ID and different nSCID and DMRS APs). Hence, the detection complexity might increase substantially in case of large number of additional TM10 hypothesis. So, in our view the total subset size should be kept at reasonable level.

In our understanding, the main motivation of using large number of VCID+nSCID pairs for blind detection at the UE is to support NAICS receivers in CoMP DPS deployments, where a TP may transmit UE-specific RS corresponding to UE originating from the neighbouring TP. On the other hand, considering that in TM10, UE itself can be configured with two VCID+nSCID pairs each of which may correspond to one of two dominant TPs, DPS may be supported without requiring provision of multiple VCID+nSCID values at the same TP. Therefore, we prefer to limit the total number of VCID+nSCID pairs to at most 4-6 in total to reduce UE implementation complexity.

Observations:

· The Virtual Cell ID subset size has direct impact on the UE blind interference parameters detection complexity and should be kept at reasonable level.

· It can be problematic for the UE make autonomous down-selection of the Virtual Cell IDs corresponding to the dominant interferers in CoMP scenarios to reduce the blind search complexity.

Proposals:

1. Inform UE on at most 4-6 combinations of Virtual Cell ID and nSCID values corresponding to the dominant TM10 interferer(s).

Time/frequency offset estimation and QCL information
To handle the interference the NAICS receiver needs to be able to compensate the associated time/frequency offsets of the interference signal to achieve more accurate channel estimation. For the case of non-TM10 interference, the neighbouring cell RS can be used for the tracking purposes (CRS, CSI-RS). For the case of TM10 interference handling the neighbouring cell CRS and CSI-RS can no longer be used for tracking as long as UE is not informed on the QCL assumptions of the interferer transmissions. In particular, in case of lack of the QCL information UE needs to make the DMRS-based time/frequency offset compensation for the interferer channel estimation. The minimal interferer resource allocation granularity of 1 PRB pair was agreed in the previous RAN4 WG meeting, hence the available bandwidth for the parameter estimation using DMRS is limited and parameter estimation accuracy will likely be poor. Additionally, the interferer PDSCH presence is not guaranteed from subframe to subframe and therefore time domain filtering cannot be applied to improve the estimation accuracy. On the other hand, in case if UE is informed on the DMRS QCL assumptions, it can use neighbouring cell CRS and CSI-RS for more reliable frequency and time offset tracking.
The results in Section 3 of this contribution show performance benefits from using QCL signaling in case of TM10 interference handling. In particular, it is illustrated that time/frequency offset compensation based on UE-specific DMRS tracking might result in noticeable performance degradation comparing to the case of using CRS/CSI-RS based tracking.

Additionally, we would like to note that current TM10 UE implementations are based on CRS/CSI-RS time and frequency offset tracking mechanisms. Furthermore, for the non-TM10 interference handling UE will likely apply same tracking mechanisms. So, introducing UE-specific DMRS based time and frequency tracking (in case of absence of QCL information) will impose additional overhead in terms of UE implementation. The QCL signaling allows avoiding this issue. Therefore, QCL assistance information (CRS/CSI-RS resource) for each VCID+nSID pair is recommended to be signaled.

Proposals:

2. Inform UE on the QCL parameters of the dominant TM10 interferer(s) (i.e. QCL assumptions between the DMRS / CRS / CSI-RS).
Other interferer parameters
To enable TM10 interference handling the remaining important interference parameters required for the non-TM10 interference handling corresponding to the dominant TM10 interferer should be provided. The parameters include PDSCH starting symbol, NZP and ZP CSI-RS, MBSFN pattern, CRS APs number, and CRS frequency shift. The details of the signalling are up to RAN1 WG.

UE capabilities
The NAICS TM10 interference handling requires specific processing which is tightly coupled with the serving cell TM10 PDSCH processing and involves time/frequency offset tracking for multiple TPs. The DL CoMP TM10 is an optional UE capability. So, there is certain difference between the basic NAICS capabilities and NAICS capabilities for TM10 handling. So, we propose that only UEs which have both NAICS and DL CoMP capabilities should be able to handle TM10 interference.

Proposals:

3. TM10 PDSCH interference suppression is supported by TM10 capable UEs only.

3. Performance analysis

In practical networks the UE will experience certain time and frequency offsets between the signals due to imperfect transmitter synchronization and propagation. These effects might impact the channel estimation accuracy, lead to inter-symbol and inter-carrier interference and hence 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 channel estimation comparing to the linear LMMSE receivers. So, in general case the impact on the performance might be expected. Hence, a reliable mechanism for interferer time/frequency offset estimation is needed. In general case, the estimates can be obtained using neighbouring cell CRS, NZP CSI-RS (for time) or DMRS processing.

Below, we analyse the blind R-ML NAICS receiver performance under assumption of realistic time/frequency offsets impacts for the case when both serving and interference cells use DMRS-based transmission modes. For the analysis we consider 200 Hz frequency and 2µs time offsets for the interferer cell signal (same as values agreed in the application to the DL CoMP and EPDCCH RAN4 demodulation tests). It is also assumed that the useful signal comes from the serving cell and hence no time/frequency offsets are considered for the analysis. The following assumptions on the parameters estimation were made:

· DMRS based estimation: The estimation granularity is single PRB pair in time and frequency which is equivalent to the agreed NAICS detection granularity. Additionally, we’d like to note that in case of lack of QCL signalling UE cannot assume that signals in different PRBs with same VCID come from the same TP and hence cannot apply averaging to improve the estimates. The neighbouring cell collide with the serving cell DMRS. It is assumed that serving cell DMRS-IC is applied prior to the estimation of the interferer time/frequency offset parameters.
· CRS based estimation: The estimate is based on 50 PRB bandwidth, no time domain averaging assumed, colliding CRS scenario is considered. 
· NZP CSI-RS based estimation: The estimate is based on 50 PRB bandwidth, no time domain averaging assumed, the neighbouring cell NZP CSI-RS collide with the serving cell ZP CSI-RS.
The full set of considered scenarios is provided in Table 1. The remaining simulations assumptions are provided in the Annex.
Table 1. Time/frequency offset impact analysis scenarios

	Scenario
	Neighbouring cell time/frequency offsets
	Frequency offset estimation/compensation
	Time offset estimation/compensation

	Scenario #1
	200Hz
	No compensation
	No compensation

	
	
	Perfect
	No compensation

	
	
	DMRS based
	No compensation

	
	
	CRS based
	No compensation

	Scenario #2
	2µs
	No compensation
	No compensation

	
	
	No compensation
	Perfect

	
	
	No compensation
	DMRS based

	
	
	No compensation
	CRS based 

	
	
	No compensation
	CSI-RS based

	Scenario #3
	200Hz + 2µs
	No compensation
	No compensation

	
	
	Perfect
	Perfect

	
	
	DMRS based
	DMRS based

	
	
	CRS based
	CSI-RS based


The selected simulation results are illustrated below in Figures 1-6.
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	Figure 1. Scenario #1. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 2. Scenario #1. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 3. Scenario #2. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 4. Scenario #2. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {14}, Interference cell MCS {5})
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	Figure 5. Scenario #3. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {5}, Interference cell MCS {5})
	Figure 6. Scenario #3. PDSCH throughput (80% I1/Noc, 
Serving cell MCS {14}, Interference cell MCS {5})


The simulation results summary is provided in Figure 7, Figure 8 and Figure 9 for different interference conditions and different transmission parameters (MCS) used in the serving and interference cells.

	[image: image7.png]Scenario #1 (200 Hz). Gain vs. LMMSE-IRC = Perfect compensation

B CRS -based compensation

|II |I| 1 DMRS-based compensation
® No compensation
II- [ [T IIII | I [ | III- I III-

MCS #5 MCs #14 MCS #5 MCs #14 MCS #5 MCs #14 MCS #5 MCS#14  |nterference MCS

MCS #5 MCS #14 MCS #5 MCS #14 Serving MCS
Medium INR (7,77 2,29) High INR (13,91 3,34) Interference power profile





	Figure 7. Scenario #1 - Blind R-ML receiver SNR gain vs. LMMSE-IRC, [dB]
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	Figure 8. Scenario #2 - Blind R-ML receiver SNR gain vs. LMMSE-IRC, [dB]
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	Figure 8. Scenario #3 - Blind R-ML receiver SNR gain vs. LMMSE-IRC, [dB]


Based on the analysis of the presented above 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 CRS and CSI-RS based time/frequency offset compensation good performance can be achieved and small performance degradation comparing to the case of perfectly synchronized signals is observed.

· In case of using DMRS-based time/frequency offset compensation the NAICS receiver can still achieve gains over LMMSE-IRC receivers under studied assumptions. The performance loss of up to 1 dB is observed comparing to the case of using CRS and CSI-RS based time/frequency offset compensation.

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 and CSI-RS rather than DMRS. As mentioned in Section 2, 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 by default and hence recommended to be signalled.
In addition, we would like to notice that the current analysis was done under assumptions of the perfectly synchronized of the useful signal transmission. For the TM10 useful signal, the PDSCH transmission may come not from the serving cell and hence also have certain time/frequency offsets comparing with the serving cell RS. In the worst case it might happen the one TP has positive timing or frequency offset while another TP has negative offset. In this case the actual offset between the two will be rather large and more difficult to compensate. So, further discussion on the definition of the realistic time/frequency offset models with respect to both useful and interference TM10 transmissions is needed.

4. Conclusions

In this contribution we have provided our views on different aspects of the TM10 interference handling. In summary, we make the following proposals:
Proposals:

1. Inform UE on at most 4-6 combinations of Virtual Cell ID and nSCID values corresponding to the dominant TM10 interferer(s).

2. Inform UE on the QCL parameters of the dominant TM10 interferer(s) (i.e. QCL assumptions between the DMRS / CRS / CSI-RS).
3. TM10 PDSCH interference suppression is supported by TM10 capable UEs only.
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Annex – Simulation assumptions
	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 modelling
	Maximum 4 HARQ retransmissions

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

Medium INR: 50%-tile I1/Noc: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: 80%-tile I1/Noc: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Interference pattern: ON/OFF interference profile

	Useful signal transmission parameters
	TM9, RI = 1

12 PRB resource allocation

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

	Interference signal transmission parameters
	TM9, RI = 1

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½
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