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1. Introduction

In the LTE Release 11 to 13, multiple enhancements of UE advanced receiver for the interference-limited environments were introduced, including LMMSE-IRC, CRS-IM, SU-MIMO IS/IC, NAICS, and other advanced receivers. The substantial part of the respective 3GPP work was dedicated to the introduction of the CRS Interference Mitigation (CRS-IM), which was done in the scope of the Release 11 FeICIC WI and Release 12/13 CRS-IM SI and WI [1-3]. The purpose of the introduced CRS-IM functionality is to specify the receiver mechanisms to mitigate the dominant CRS interference from the neighbouring cells, which may become a limiting factor for the DL performance in the FeICIC ABS subframes in the HetNet deployments and, also, for the generic synchronous homogeneous and heterogeneous deployments with the partial downlink resource utilization. 
As the result of the 3GPP work in the LTE Release 11-13, multiple CRS-IM UE demodulation performance requirements were defined covering some typical LTE operation scenarios. However, still the test coverage is rather limited and only a subset of the important operation scenarios is addressed in the existing UE demodulation and CSI reporting requirements and the CRS-IM for other scenarios is not guaranteed. 
· CRS-IM requirements are introduced for the case of the network deployments using 2 CRS APs only, meanwhile, the UE behaviour for the case of 4 CRS APs deployments is undefined.

· CRS-IM requirements is defined for the case using the same number of CRS APs in the serving and interference cells, while in the heterogeneous networks different cells may use different CRS configurations (e.g. 4 CRS APs for the Macro cell and 2 CRS APs for the Small cells).

· CRS-IM requirements are specified for the UEs equipped with 2 receive antennas only, while the UEs with 4 receive antennas, which are emerging in the market, may also benefit from using the CRS-IM and should be considered.

· CRS-IM requirements cover UE operation in both Homogeneous and Heterogeneous deployments. However, for the latter one the operation is specified for the FeICIC scenarios and for the ABS subframes only. Furthermore, in the heterogeneous networks there is high probability that different cells may use different CRS configurations such as colliding and non-colliding CRS. Meantime, so far the UE behaviour for the Colliding CRS scenarios is not defined for the non FeICIC scenarios and non-ABS subframes.

Therefore, the Rel-13 homogenous network CRS-IM functionality can be further extended for the scenarios with different number of receiver antennas and different network deployment scenarios, and the respective CRS-IM enhancements need to be verified with proper UE demodulation requirements. In this paper, we highlight our views on the potential scope of the future 3GPP RAN4 work in this direction.
2. Candidate CRS-IM Enhancements
The CRS-IM feature needs to be generalized for the arbitrary number of transmit antennas and CRS APs at the eNodeB side and also ensure proper receiver implementations for the UEs equipped with 2 and 4 receive antennas. Given that the existing Release 11 and 13 requirements are introduced for the case of 2 CRS APs and 2 receive antennas (2RX) UEs only, the following key directions are suggested to be further considered to remove the test coverage imbalance and allow wider applicability of the CRS-IM:

· CRS-IM for the scenarios with arbitrary number of eNB TX antennas (4 CRS APs and a mix of 2/4 CRS APs)
· CRS-IM for UEs with different number of RX antenna chains (2RX and 4 RX UEs)
· CRS-IM for homogenous and heterogeneous network scenarios
2.1 CRS-IM for scenarios with different number of CRS APs
The Release 11 and 13 CRS-IM requirements are defined for the case of 2 CRS APs only and the performance for other scenarios including 1 CRS APs and 4 CRS APs is not guaranteed. Furthermore, the performance is defined under the assumption of the equivalent number of CRS APs in the serving and interference cells (i.e. 2 CRS APs in the serving and interference cells).
Observation #1: The existing CRS-IM requirements are defined for case of 2 CRS APs in the serving and interference cells. The CRS-IM is not defined for the scenarios with 4 CRS APs and different number of CRS APs in the serving and interference cells.
The 4 CRS APs deployments can be used to enable high peak data rate transmissions using the CRS-based transmission modes and expected to get more attraction with the introduction of the 4RX UEs. Meanwhile, UEs capable of 2 CRS APs IM may not be capable to perform CRS-IM for 4 CRS APs. Therefore, it may be recommended to introduce the respective requirements to check proper UE implementation and ensure robust and efficient UE operation. Given potential increased hardware complexity for the 4 CRS APs CRS-IM some complexity reduction techniques may be considered in the scope of future work.
In the HetNet deployments the Macro and Small cells may have different characteristics and the number of transmit antennas and CRS APs at the Macro cells can be larger comparing to the Small cells. Hence, mix of 2 and 4 CRS APs can be a common situation (e.g. 4 CRS APs at the Macro cell and 2 CRS APs in the Small cells). The CRS-IM operation for such scenarios has certain specifics and may require joint colliding/non-colliding CRS processing in the same subframe, which was not studied in details in the 3GPP so far.
In summary, the following key network scenarios can be considered in the scope of future work (see Figure 1):
· Scenario #1: 4 CRS APs in the serving cell + 4 CRS AP in the aggressor cell
· Scenario #2: 2 CRS APs in the serving cell + 4 CRS AP in the aggressor cell
· Scenario #3: 4 CRS APs in the serving cell + 2 CRS AP in the aggressor cell
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Figure 1. Network scenarios for CRS-IM for 4 CRS APs and a mix of 2/4 CRS APs
In Figures 2 and 3 we provide the summary of the link-level simulation results for the case of using CRS-IM for the Scenario #1 and Scenario #2 (see Annex for more details on the simulation assumptions). In particular, the summary of the CRS-IM SNR gains vs the baseline LMMSE-IRC receiver is provided. The SNR gains are measured at the 85% of the max throughput level. The results are provided for different interference power profiles, different PDSCH loading scenarios and different serving cell MCS levels. The results of the analysis clearly show that non-colliding CRS-IM is capable to provide substantial performance improvement for the investigated scenarios.
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Figure 2. CRS-IM performance for 4 CRS APs scenario (2RX UE)
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Figure 3. CRS-IM performance for 2/4 CRS APs mix scenario (2RX UE)
Observation #2: CRS-IM can provide substantial performance improvement for the scenarios with 4 CRS APs and different number of CRS APs in the serving and interference cells.

2.2 CRS-IM for UEs with 4 RX chains
The existing CRS-IM UE demodulation requirements are defined for the UEs equipped with 2 RX antennas, since such devices are considered to be the baseline for the legacy LTE systems. However, in the recent LTE releases, the support of 4 RX capable UEs was introduced and such receiver types may also benefit from the CRS-IM.
Observation #3: The existing CRS-IM requirements are defined for case of 2 RX antennas at UE side. The CRS-IM for the 4 RX UEs is not defined and cannot be guaranteed.
The 4RX chain capable UEs are oriented on providing high performance and increased peak data rates, which are achieved at the cost of deploying additional RF chains and additional baseband processing capabilities. The Release 13 4RX requirements were introduced mainly for the noise limited conditions and a few requirements for the interference conditions considered with the focus on the LMMSE-IRC testing, while the CRS-IM requirements are not expected to be introduced. Therefore it may be not possible to guarantee that 4RX CRS-IM is supported even in case UE has the CRS-IM for 2RX case. Therefore, introduction of the new requirement is desirable to ensure proper UE implementation. At the same time, we would like to stress that it is evident that the 4RX CRS-IM complexity is larger comparing to the 2RX due to increased amount of the required channel estimations, and, hence, different complexity reduction techniques may be studied prior to the performance requirements introduction.

In Figure 4, we provide the summary of the link-level result and illustrate the CRS-IM performance gains over regular LMMSE-IRC for the non-colliding CRS scenarios with 2 CRS APs for various antenna configurations, serving cell MCS and different interference loadings (the detailed simulation assumptions are provided in the Annex). 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 potential 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 solution applicability under various conditions.
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Figure 4. 4RX CRS-IM performance
Observation #4: CRS-IM can provide substantial performance gains for the 4 RX antennas UEs in the interference-limited scenarios with the dominant CRS interference.

2.3 CRS-IM for the Homogeneous and Heterogeneous network scenarios

The CRS-IM requirements cover UE operation in both Homogeneous and Heterogeneous deployments. It is expected that UEs can apply similar type of CRS-IM behaviour in different network types. Meantime, the Homogeneous and Heterogeneous deployments may have difference in terms of the interference structure. The Homogeneous Macro cell deployments usually use cell planning concept and hence there is very high probability that the dominant interferer cell will have Non-Colliding CRS patterns. Meantime, the HetNet deployments are usually characterized by the increased probability of the Colliding CRS interference. So, far the Rel-13 CRS-IM requirements were defined for the scenario with two dominant interferer cells with the non-colliding CRS patterns. Meantime, the Colliding CRS scenario has not be addressed in the Rel-13. The respective scenario was studied in the Rel-11 timeframe, however it is applicable to the FeICIC scenarios only and CRS-IM expected to be applied for the ABS subframes only.

Observation #5: The existing requirements do not guarantee CRS-IM operation in the generic Colliding CRS scenarios which can be rather common for HetNet deployments.
Therefore, to address this issue it is suggested that the CRS-IM requirements should cover the following scenarios:

· Scenario #1: Two non-colliding CRS aggressors 

· Scenario #2: One colliding CRS aggressor and one non-colliding aggressor 

In Figure 5 we illustrate the CRS-IM performance for the Scenario #2 with one colliding CRS aggressor with the Rel-13 homogenous network test scenario. The results indicate that non-trivial performance gains can be achieved in case of using both colliding and non-colliding CRS-IC along with proper LMMSE-IRC.
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Figure 5. CRS-IM performance for 4 CRS APs and 4-RX UE scenario with one colliding and one non-colliding CRS aggressors
Observation #6: LMMSE-IRC + CRS-IM can provide noticeable performance gains for the Colliding CRS aggressor scenarios
3. Summary

Following the discussion in this paper we recommend to continue the 3GPP RAN4 work on the CRS-IM requirements in the Release 14 timeframe and consider to introduce a more complete CRS-IM feature support in terms of performance requirements for additional scenarios and use cases.
Observation #1: The existing CRS-IM requirements are defined for case of 2 CRS APs in the serving and interference cells. The CRS-IM is not defined for the scenarios with 4 CRS APs and different number of CRS APs in the serving and interference cells.
Observation #2: CRS-IM can provide substantial performance improvement for the scenarios with 4 CRS APs and different number of CRS APs in the serving and interference cells.
Observation #3: The existing CRS-IM requirements are defined for case of 2 RX antennas at UE side. The CRS-IM for the 4 RX UEs is not defined and cannot be guaranteed.
Observation #4: CRS-IM can provide substantial performance gains for the 4 RX antennas UEs in the interference-limited scenarios with the dominant CRS interference.
Observation #5: The existing requirements do not guarantee CRS-IM operation in the generic Colliding CRS scenarios which can be rather common for HetNet deployments.
Observation #6: LMMSE-IRC + CRS-IM can provide noticeable performance gains for the HetNet based Colliding CRS scenarios
Proposal #1: Continue 3GPP RAN4 work on the CRS-IM in the Release 14 timeframe in order to introduce performance requirements in a way to extend the CRS-IM applicability for the following cases:
· Scenarios with arbitrary number of eNB TX antennas (4 CRS APs and a mix of 2/4 CRS APs)
· UEs with different number of RX antenna chains (2RX and 4 RX UEs)
· Homogenous and heterogeneous network scenarios
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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
	4RX UE:

   2x2, Low correlation

   2x4, Low correlation

   2x2, High correlation

   2x4, High correlation
4 CRS APs:

   4x2 for all cells, Low correlation
CRS APs mix:

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

   Serving cell 2x4, interference cells 2x2, Low 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

	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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