Page 1

3GPP TSG-RAN WG4 Meeting #71

R4-143037
Seoul, Korea, 19 – 23 May, 2014

Agenda item:
7.14.2.1
Source:
Intel Corporation
Title:
Discussion on NAICS receivers for CRS-based transmission modes
Document for:
Discussion

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 CRS-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 CRS based TMs):

· CRS based TMs: Dynamic parameters namely modulation, PMI, RI, presence of interferer can be jointly and blindly detected for 2 CRS APs case under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4. There is no consensus on 4 CRS port scenarios.

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

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

· Following parameters are necessary to be restricted (Restriction indicated by HL signalling) 

· P_A values should apply to QPSK transmissions 

· P_A subset for further study

· 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 CRS-based transmission modes in the serving cell. In particular, we provide our views on the following:

· CRS-based PDSCH interference handling (CRS/CRS TMs scenario)

· Joint interference parameters detection (Section 2.1);

· CRS-based interference parameters granularity impacts on blind NAICS receivers (Section 2.2);

· DMRS-based PDSCH interference handling (CRS/DMRS TMs scenario) (Section 3).

2. CRS-based PDSCH interference handling

In this section we address the interference handling in the case of using CRS-based serving cell and interference cell transmission modes.
2.1 Joint interference parameters detection

To enable enhanced IS/IC receivers for the CRS-based PDSCH interference handling the knowledge of the following dynamic PDSCH interference signals parameters is needed:

· Power allocation and presence parameters

· PDSCH signal absence/presence

· Data to RS EPRE ratio (PA)
· Spatial precoding parameters

· MIMO mode (i.e. Transmit diversity, OLSM, CLSM)
· RI, PMI for CLSM MIMO modes

· PDSCH modulation format (MF)
In general case, the joint detection of all the above parameters should be considered. In the last meeting the feasibility of the MF, PMI, RI detection was agreed for a limited set of studied scenarios. Further, we analyze the case of blind detection of the remaining parameters.
TM and MIMO mode detection
In accordance to previous agreements the TM detection was considered to be used for NAICS interference handling. We would like to clarify that to enable PDSCH interference suppression/cancellation UE in fact needs to know the neighbouring cell MIMO mode rather than TM. In particular, the UE needs to detect whether neighbouring cell uses Transmit diversity, OLSM, or CLSM modes.
Meanwhile, the TM detection should be considered in application to the recognition whether DMRS or CRS-based TMs are applied by the interferer. To understand the need for this type of detection the TM mixture scenario should be studied. By default, it can be assumed that UE operating in CRS-based TM should try to detect the CRS-based PDSCH interference and UE operating in DMRS-based TM should try to detect the DMRS-based PDSCH interference.
Observations:

· For the CRS-based PDSCH handling UE needs to detect the neighbouring cell spatial precoding scheme (Transmit diversity, OLSM, or CLSM).
· TM detection can be considered as the recognition whether DMRS or CRS-based TM is applied by the interferer. The feasibility and need for TM detection should be discussed on application to the TM mixture scenario.
Power offset (data to RS EPRE ratio) detection

Currently, the data to RS EPRE ratio can take one of the eight values following the PA signalling (e.g. -6, -4.77, -3.0, -1.77, 0, 1, 2, 3 dB). So, the amount of hypothesis is rather large and needs to be reduced to keep blind detection complexity at reasonable level. For instance, no more than 3 hypothesis can be considered for blind detection.
Observations:

· The total amount of data to RS EPRE ratio hypothesis is too large and needs to be reduced to keep blind detection complexity at reasonable level.

Performance analysis

Below we provide the analysis of the NAICS performance in case of using blind detection of different combinations of the dynamic interference parameters. The set of investigated combinations of interference parameters is summarized in Table 1. The feasibility of the blind receiver #1 was already agreed in application to a number of scenarios (2Tx, colliding CRS). So, the main focus of the studies is to understand the possibility of using blind receivers #2 and #3.
Table 1. Blind detection scenarios

	Blind receiver
	CRS-based PDSCH parameters

	
	Modulation format
	Spatial precoding parameters
	Data to RS EPRE ratio

	
	
	CLSM
	TxDiv, OLSM
	

	Blind receiver #1
	Detected
	Detected
	Known
	Known

	Blind receiver #2
	Detected
	Detected
	Detected
	Known

	Blind receiver #3
	Detected
	Detected
	Detected
	Detected


For the analysis we assume that all the remaining information on the interference cell transmission parameters is available and a single PRB resource allocation granularity is assumed. Furthermore, one dominant interferer cell detection and processing is considered. The dominant interferer for handling is selected based on the RSRP basis. For the MF detection {QPSK, QAM16, QAM64} hypothesis are used. For the CLSM PMI/RI detection it is assumed that no restrictions on the possible set of values is applied. For the Data to RS EPRE detection 3 possible hypothesis of power offsets are considered (-1.77, 0, 1 dB).

Below, we show the simulation results for the selected scenarios to illustrate the impact of interference parameters detection on the demodulation performance:

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

· Figure 2: 50%-tile I1/Noc, I1/Noc = 7.77 dB I2/Noc = 2.29 dB. Interference cell: RI {1,1}, MCS {5}, {5}. Serving cell: RI {1}, MCS {14}.
· Figure 3: 80%-tile I1/Noc, I1/Noc = 13.91 dB I2/Noc = 3.34 dB. Interference cell: RI {1,1}, MCS {5}, {5}. Serving cell: RI {1}, MCS {5}.

· Figure 4: 80%-tile I1/Noc, I1/Noc = 13.91 dB I2/Noc = 3.34 dB. Interference cell: RI {1,1}, MCS {5}, {5}. Serving cell: RI {1}, MCS {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 summary of simulation results for blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver for the different interference profiles and combinations of serving and interference cell transmission parameters is illustrated in Figure 5.
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Figure 5. Joint interference parameters detection performance results summary
Observations:

· The joint blind detection of the interference signal modulation format and CLSM precoding parameters results in 0.5 – 2.0 dB performance loss comparing to the genie-aided NAICS receiver in the considered scenarios and still allows achieving noticeable performance gains (1.5 – 7.5 dB) over baseline LMMSE-IRC receivers;

· The joint blind detection of the interference signal modulation format and all MIMO precoding parameters results in 0.8 – 2.9 dB performance loss comparing to the genie-aided NAICS receiver in the considered scenarios and still allows achieving noticeable performance gains (up to 6.5 dB) over baseline LMMSE-IRC receivers;

· The joint blind detection of all interference signal parameters including modulation format, MIMO precoding parameters, data to RS EPRE ratio and signal presence results in 1.0 – 3.5 dB performance loss comparing to the genie-aided NAICS receiver in the considered scenarios and allows provide performance gains over baseline LMMSE-IRC receivers in some cases (up to 5.8 dB). In scenarios with medium SNR higher degradation is observed and in some cases there are very small performance gains vs. the baseline receiver.

So, in our view the detection of all CRS-based PDSCH interference parameters (i.e. Blind receiver #3) allows achieving some gains vs. the baseline receiver under considered assumptions and in the investigated scenarios at the cost of increased complexity and performance loss vs. genie-aided case. At the same time, we think that it is important to ensure NAICS performance under various conditions in terms of sets of parameters used in the neighbouring cells. Hence, additional scenarios with the mix of CRS-based PDSCH parameters may need to be studied before the final conclusions can be derived. In particular, the scenarios with different MIMO modes in the serving and neighbouring cells (e.g. TM4/TM2) and different PA settings may need to be considered.
Proposals:

1. Additional scenarios with the mix of CRS-based PDSCH parameters need to be studied before deriving the final conclusions. In particular, the scenarios with different MIMO modes in the serving and neighbouring cells (e.g. TM4/TM2) and different PA settings should be considered.
Additionally, the simulation results show that detection of the neighbouring cell MIMO mode and data to RS EPRE ratio might have negative impact on the overall demodulation performance comparing to the already agreed Blind receiver #1. To avoid the loss of the NAICS performance (and complexity impact) it may be recommended to consider some further restrictions on the set of used parameters. The coordination/restriction of MIMO modes might impose some impact on the system performance. Meanwhile, for the power offset settings the impact of restrictions on the system performance is not evident and can be studied by RAN1 WG. For instance, in our view the detection performance can be improved and noticeable complexity reduction can be achieved in case of using a single PA value for NAICS operation.
Proposals:

2. Recommend RAN1 WG to study the possibility of using cell-specific PA value in case of NAICS operation.
2.2 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 blind detection complexity and performance perspectives such value can be too restrictive. In case if UE makes an assumption on the larger interference parameters granularity incl. MF, MIMO precoding, and power offset it can achieve better detection performance or the detection algorithm complexity can be reduced keeping almost same detection reliability.
Below, we provide the summary of analysis of the interference resource allocation (RA) granularity impacts on the NAICS performance in case of using blind detection of the dynamic interference parameters. The respective results are based on the simulations provided in our contribution in the last RAN4 WG meeting [5]. The performance of the Blind receiver #1 (i.e. blind detection of the MF, PMI and RI, while interference power offset, MIMO mode and presence are assumed to be known) is analyzed  for the cases of 1, 3 and 6 PRBs resource allocation granularity assumed at the UE side. The summary of simulation results for blind R-ML receiver SNR gains vs. baseline LMMSE-IRC receiver for different scenarios is illustrated in Figure 6.
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Figure 6. Interference resource allocation granularity impact results summary

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

· In case of using 3 PRB interference resource allocation granularity assumptions the blind receiver performance can be noticeably improved comparing to the 1 PRB resource allocation granularity assumption by 0.1 – 1.4 dB.

· In case of using assumptions on the 6 PRB interference resource allocation additional improvement of up to 0.6 dB over 3 PRB resource allocation granularity can be achieved.
From the link-level performance and UE implementation perspectives the potential benefits of using the information on the increased RA are evident. Meantime, from the system design point of view 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 further RAN1 discussion regarding possibility of restricting the minimal RA granularity for the NAICS operation case should take place. Meanwhile, in our view it will always be beneficial to provide at least optional information on the minimal RA granularity used by the eNB.
Proposals:

3. Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for CRS 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.
3. DMRS-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 [6]. The NAICS performance is 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 CRS based transmission mode, while the interfering cell uses DMRS-based PDSCH transmission (i.e. CRS/DMRS TMs scenario). In this case the interference cell channel estimation accuracy will degrade comparing to the DMRS/DMRS TMs scenario as enhanced DMRS-IC based channel estimation cannot be applied and UE needs to estimate the interference channel under assumption of the presence of the serving cell data. The accuracy will depend on the serving cell SNR level and will generally degrade along with the serving cell power level increase. Hence, some impact on the performance can be expected.
To understand the feasibility of using the NAICS receivers in such scenarios we analyze the genie-aided R-ML receiver performance in such scenario. In addition, the results for the CRS/CRS TMs scenario (TM4/TM4) 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 CRS based serving cell and DMRS based interference transmission modes.

Observations:

· Genie-aided NAICS receivers allow achieving noticeable performance gains (1-5 dB) over LMMSE-IRC receiver in case of low SNR conditions.
· With the SNR growth the NAICS performance gains decrease. Depending on the SNR and INR conditions there may be scenarios when NAICS leads to certain performance degradation vs. LMMSE-IRC.
· The NAICS performance gains in the CRS/DMRS scenario are substantially lower comparing to the CRS/CRS TMs scenario.
So, the benefits of using NAICS receivers in such conditions are questionable and may significantly depend on the SNR, INR and transmission parameters used in the serving and neighbouring cells. Further discussion on enabling NAICS operation in such conditions is required. In our view, at least no loss vs. LMMSE-IRC should be guaranteed.

With respect to the using blind receivers in such scenarios, the performance will depend on the considered blind detection approach. In case of using DMRS-based PDSCH detection, if UE correctly detects the DMRS based interference it can decide whether to apply NAICS processing or not. If UE does not succeed to detect the DMRS presence, it needs to apply CRS-based PDSCH parameters detection. In the latter case, the performance will actually depend on precoding scheme applied for the DMRS-based transmission (i.e. PMI based precoding or non-PMI based precoding). In the non-codebook based precoding case some performance loss vs. LMMSE-IRC receiver can be observed in case no fallback criteria is applied. We would also like to note that in the CRS/DMRS scenario the serving cell data collide with the neighbouring cell DMRS. So, the DMRS detection performance may become a bottleneck and reliable detection of the DMRS-based PDSCH presence can be questionable. 

Observations:

· Blind detection of CRS-based PDSCH parameters in application to the CRS/DMRS TMs scenario might lead to certain performance degradation in case when the precoding for DMRS based modes is not codebook based.
· The reliability of interferer DMRS presence detection may suffer in CRS/DMRS TMs scenario especially in case of medium to high SNR conditions.
So, further study on the reliability blind interference parameters detection for the CRS/DMRS TMs scenario is needed. In particular, the DMRS presence detection reliability should be studied in order to understand whether UE can autonomously detect the CRS/DMRS TMs scenario and apply correct processing.

Proposals:

4. Further study blind NAICS receivers for the case of the mix of CRS based serving cell TMs and DMRS based interference TMs.
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 proposals:
Proposals:

1. Additional scenarios with the mix of CRS-based PDSCH parameters need to be studied before deriving the final conclusions. In particular, the scenarios with different MIMO modes in the serving and neighbouring cells (e.g. TM4/TM2) and different PA settings should be considered.
2. Recommend RAN1 WG to study the possibility of using cell-specific PA value in case of NAICS operation.
3. Recommend RAN1 WG to study the impact of increasing the minimum RA granularity for CRS based transmission modes. Consider using 1-2 RBGs minimum interference CRS-based PDSCH RA granularity to 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.
4. Further study blind NAICS receivers for the case of the mix of CRS based serving cell TMs and DMRS based interference TMs.
References

[1] RP-140519, “New work item proposal for network assistance interference cancellation and suppression for LTE”, MediaTek Inc., RAN#63, March 2014
[2] 3GPP TR 36.866 “Network-Assisted Interference Cancellation and Suppression for LTE” V2.0.0 (2014-02)

[3] R4-142401, “Meeting minutes for NAICS ad hoc”, Intel Corporation, RAN4 #70bis, March 2014

[4] R4-142559, “RAN4-70Bis Meeting report”, ETSI Secretariat
[5] R4-141524, “Discussion on the dynamic interference parameters detection for CRS-based transmission modes”, Intel Corporation, RAN4 #70bis, March 2014

[6] R4-141412, “Discussion on Scenarios of Different Transmission Modes for NAICS”, NTT DOCOMO, RAN4 #70bis, March 2014
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
	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: ON/ON interference profile

Section 3: ON/OFF interference profile

	Transmission mode of useful signal
	TM4, RI = 1

	Resource allocation of useful signal
	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: TM4, RI = 1

Section 3: 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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