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1. Introduction

In RAN #73 meeting the WI on the LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements was approved [1]. The work item has two main objectives:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.
· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs.


In accordance to the WID the following objectives are agreed in application to the CRS-IM enhancements work:

	· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers:

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


At the initial stage (i.e. Stage 1) of the WI the main purpose of RAN4 work would be to investigate the performance/feasibility of candidate CRS-IM enhancements. In particular, the following three key work directions are included in the WI scope:

1) Identification of target scenarios:

· Deployment scenarios (number of CRS APs, CRS patterns)

· Target physical channels

· Interference models (power profiles, transmission parameters, etc)

2) Identification of reference CRS-IM receiver structure assumptions:

· Target CRS-IM algorithms

· Number of cancelled cell(s)
· Complexity reduction techniques, etc

3) Evaluation of CRS-IM performance

In this contribution we provide preliminary evaluations of enhanced CRS-IM (E-CRS-IM) performance based on the original results provided in the WI motivation paper [2]. In particular 3 main scenarios are considered:

1) CRS-IM for scenarios with 4 CRS APs (Section 2)
2) CRS-IM for scenarios with mix of 2/4 CRS APs (Section 3)
3) CRS-IM for scenarios with 4 RX UEs (Section 4)
2. CRS-IM for scenarios with 4 CRS APs

In this section we provide simulation results to illustrate the CRS-IM performance for the scenarios with 4 CRS APs in the serving and interference cells. In Figure 1 we illustrate the TM9 link level simulation results for the case of 100% and 0% interference signal PDSCH loading. The simulation results summary is also provided in Figure 2. The performance is analyzed for the high interference conditions (based on NAICS interference profiles) with the purpose to illustrate the upper bound performance gains. The detailed simulation assumptions are provided in the Annex A. The simulation results are provided for different receiver types including reduced complexity approaches mentioned in [3]:
· CRS-IM Receiver #1: Full complexity four ports CRS-IM processing
· CRS-IM Receiver #2: CRS-IM for two CRS-APs + LMMSE-IRC for other ports
· CRS-IM Receiver #3: Reduced complexity CRS-IM processing (CRS-IM for CRS APs 0-1 + puncturing for CRS APs 2-3).
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	TM9 / 0% Interferer PDSCH loading / Non-colliding CRS / High INR
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	Figure 1. 4 CRS APs CRS-IM simulation results
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Figure 2. 4 CRS APs CRS-IM simulation results summary
Observations #1: CRS-IM for 4 CRS APs
· Non-colliding CRS-IM for 4 CRS APs provides substantial performance improvement for both full and partial interference loading scenarios
· 2 ports CRS-IM has noticeable loss vs full complexity CRS-IM 
· Reduced complexity Non-Colliding CRS-IM can be used without substantial loss vs full 4 ports CRS-IM at least under certain scenarios
3. CRS-IM for scenarios with mix of 2/4 CRS APs

In this section we provide simulation results to illustrate the CRS-IM performance for the scenarios with mix of 2 and 4 CRS APs in the serving and interference cells. In particular, the following 2 scenarios are analyzed based on the description in [2] (see Figure 3):
· Scenario #1: 2 CRS APs in the serving cell + 4 CRS AP in the aggressor cell with non-colliding CRS.
· Scenario #2: 4 CRS APs in the serving cell + 2 CRS AP in the aggressor cell with non-colliding CRS.
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Figure 3. Mixed 2/4 CRS APs scenario
In Figure 5 and Figure 7 we provide the summary of the link-level simulation results to illustrate CRS-IM performance for the Scenarios #1 and #2 (for different interference power profiles, PDSCH loading scenarios and serving cell MCS levels). In Annex we show more details on the simulation assumptions. In Figure 4 and Figure 6 we provide selected simulation results. In particular, we show the summary of the CRS-IM SNR gains vs the baseline LMMSE-IRC receiver. The results are provided the analysis show that non-colliding CRS-IM is capable to provide substantial performance improvement for the investigated scenarios.
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	Figure 4. CRS-IM simulation results for 2/4 CRS APs mix scenario (2RX UE)
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Figure 5. CRS-IM simulation results summary for 2/4 CRS APs mix scenario (2RX UE)
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	Figure 6. CRS-IM simulation results for 4/2 CRS APs mix scenario (2RX UE)
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Figure 7. CRS-IM simulation results summary for 4/2 CRS APs mix scenario (2RX UE)

Observations #2: CRS-IM for mix of 2/4 CRS APs
· Non-colliding CRS-IM receivers can provide substantial performance improvement over LMMSE-IRC receivers for the scenarios with mix of 2 and 4 CRS APs in the serving and interference cells
4. CRS-IM for 4RX UEs
In this section we provide simulation results to illustrate the Non-colliding CRS-IM performance for the UEs equipped with 4RX chains. In Figure 8 we illustrate the TM9 link level simulation results for the case of 100% and 0% interference signal PDSCH loading. The simulation results summary is also provided in Figure 9. The performance is analyzed for the high interference conditions (based on NAICS interference profiles) with the purpose to illustrate the upper bound performance gains. The detailed simulation assumptions are provided in the Annex A. 

The results are provided for both 2RX and 4RX antennas UEs and it may be observed that the potential CRS-IM gains for the 4RX case are very much aligned with the performance gains for the 2RX UEs case and are especially pronounceable for the low interference loading conditions. The results are also provided for the low and high antenna correlation scenarios to illustrate CRS-IM applicability under various conditions.
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	TM9 / 0% Interferer PDSCH loading / NC CRS / MCS #9 / High INR
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	Figure 8. 4RX CRS-IM simulation results
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Figure 9. 4RX CRS-IM simulation results summary
Observations #3: 4RX UE CRS-IM
· In scenarios with full interference loading:

· CRS-IM gains are rather limited for scenarios with high antenna correlation

· CRS-IM allow achieving good performance improvement over LMMSE-IRC for scenarios with low antenna correlation

· In the low PDSCH interference loading scenarios, non-colliding CRS-IM allows achieving noticeable performance improvement over LMMSE-IRC for both low and high RX antenna correlation scenarios

5. Conclusions

In this contribution, we have provided preliminary simulation results for the candidate CRS-IM enhancements. The results prove feasibility of CRS-IM enhancements in terms of UE demodulation performance gains.

References

[1] RP-161877 “New Work Item Proposal: Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements for LTE”, Intel Corporation, Huawei, LGE, RAN #73, September 2016

[2] RP-161595 “Motivation for new WI on Enhanced CRS Interference Mitigation Performance Requirements for LTE”, Intel Corporation, Huawei, LGE, September 2016
[3] R4-167269 “Discussion on the Enhanced CRS-IM reference receivers”, Intel Corporation, RAN4 #80bis, October 2016
Annex – Simulation assumptions

	Parameter
	Value

	Channel model
	EPA-5Hz for all links

	System bandwidth
	10 MHz

	Number of interference cells
	2

	Cell IDs
	Serving cell: 0

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 - 6

	Antenna configuration
	Section 2:

   4x2 for all cells, Low correlation
Section 3:

   Serving cell 2x2, interference cells 4x2, Low correlation

   Serving cell 2x4, interference cells 2x2, Low correlation

Section 4:

   2x2, Low correlation

   2x4, Low correlation

   2x2, High correlation

   2x4, High correlation

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission mode
	TM4

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

High INR:       I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Medium INR:  I1/Noc = 7.77 dB, I2/Noc = 2.29 dB

Section 2:

   High and Medium INR
Sections 3 and 4:

   High INR

	Useful signal transmission parameters
	PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

50 PRB resource allocation
Rank 1
Wideband random PMI per TTI
MCS9 (QPSK), MCS14(16QAM)

	Interference signal transmission parameters
	PDSCH is scheduled in SFs 1-4, 6-9 (i.e. except 0/5)

QPSK Rank 1

Loading 0%, 50% (per-PRB loading model)

	Tx EVM
	6%
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