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1
Introduction

During the previous RAN plenary, a new study item on 4Rx AP has been approved [1]. In this contribution we present views with respect to the 4AP link and system performance in LTE system to be considered as input in the study TR. 
2
Motivation
The 3GPP LTE DL multiple antenna design is relying on 4Rx UE antenna ports (APs) since the very beginning of release 8 while the specification evolution has been covering a large amount of UE APs in all releases. A larger number of antenna ports at the UE side brings several system benefits, such as improved receive diversity and improved peak throughput. 

2.1 Diversity improvements

One of the most positively expected system benefits is the coverage improvement from 4Rx APs, which is applicable to any DL transmission schemes and DL channels. Having more antenna ports at the UE side is enabling better diversity reception which translates in more accurate estimated signals which have an impact on both desired signals estimation and interference estimation, also improved RRM performance. It is expected that increased receive diversity would have a direct impact on the improved DL link adaptation as a larger number of receive antennas is increasing the interference cancellation ability of the UE, allowing better and faster reception of the intended data streams. Hence we need to carefully investigate the impact of 4Rx on the CSI requirements as all the components like PMI, CQI, RI are likely to be improved. 
To be more specific, diversity improvements would bring demodulation improvements for channels like PBCH, PHICH, PCFICH, PDCCH, EPDCCH, PDSCH for both CRS and DMRS transmission modes. These channels qualify for improved performance requirements in the new 4Rx setup, however it is up to the WI phase to discuss further details and prioritization of this work. 
Observations:

1. Diversity improvements are expected from the utilization of 4Rx UE APs, with an impact to all DL transmission schemes,  DL channels and RRM related UE measurements.
2. Address in the WID phase further details and potential prioritization on the demodulation, CSI performance requirements for DL channels and RRM performance requirements. 
The utilization of CRS IC along with 4Rx APs needs to be clarified. It is likely that new CSI performance requirements are going to be defined for UEs equipped with 4Rx. However, CRS IC plays an important role and hence may further improve the UE reception and impact the CSI feedback computation as well. With the ongoing work on CRS IC performance requirements in a separate, parallel WI, it is likely that Release 13 UEs would benefit of CRS IC in a wide number of scenarios, in both homogeneous and HetNet. Similar to NAICS work where CRS IC is considered part of the UE performance requirements tests discussions, we see beneficial that the current 4Rx AP work would take into account the utilization of CRS IC as well. 
Observations:

3. Consider CRS IC utilization along with 4RX AP. 
2.2 Peak throughput improvements

All the closed loop system design is providing specification support for 4Rx antenna ports at UE side, hence this being possible for transmission modes 4, 9, 10. While 4 layer operation would make full utilization of TM4 in 4x4 CRS setup, it also enables the important TDD scenario of 8Tx where the 8x4 configuration brings increased rank 4 probability by utilizing TM9/10. The 8Tx configuration is one example where both coverage and peak throughput can be well exploited by making use of 4Rx APs. 
Observations:

4. Peak throughput improvements are expected from the utilization of 4Rx UE APs.
5. Address in the WID phase further details regarding the demodulation and CSI performance requirements for four layer operation.

3
Performance results
3.1
Link performance

In this subsection we provide link performance with different transmit and receive antenna setups ([image: image2.png]N, X N,)



 . Fixed modulation assumption is utilized while the rank is varied according to the simulation setup. The results consider TM4 with practical CRS based channel estimation. Low antenna correlation is considered in the simulation results presented in Figure 1, some performance degradation is expected in in medium and higher antenna correlations. As expected, substantial performance improvements are obtained when increasing the number of receive antennas from 2 to 4RX APs.
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Figure 1: TM4, IRC receiver, EVA5, Fixed 16QAM 1/2, low antenna correlation;
3.2
System performance
In Figure 2 and Figure 3we provide system performance for the case of 2 Tx antenna setups with different antenna spacing, and also utilizing 2 and 4 Rx antennas. Substantial gains in both mean throughout and coverage are possible depending on the choice of antenna size and spacing between antennas. In Figure 4 we also show the benefit of faster packet transmission times which is possible because of increased number of antennas at the UE.
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	Figure 2: TM9, 2x2 and 2x4 setup, XP with 0.5 lambda spacing, different loads
	Figure 3: TM9, 2x2 and 2x4 setup, XP with 4 lambda spacing, different loads
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Figure 4: Packet duration in different <transmit, receive> scenarios
4
Conclusions

In this contribution, we have presented our views with respect to the link and system improvements expected from the introduction of 4Rx AP at the UE.  Our observations are summarized as follows.
Observations:

1. Diversity improvements are expected from the utilization of 4RX UE APs, with an impact to all DL transmission schemes,  DL channels and RRM related UE measurements.

2. Address in the WID phase further details and potential prioritization on the demodulation, CSI performance requirements for DL channels and RRM performance requirements. 

3. Consider CRS IC utilization along with 4RX AP. 
4. Peak throughput improvements are expected from the utilization of 4RX UE APs.

5. Address in the WID phase further details regarding the demodulation and CSI performance requirements for four layer operation.
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Appendix A – Link simulation assumptions
Table 1: link simulation assumptions

	Parameters 
	Values 

	Carrier frequency 
	2 GHz 

	Serving Cell ID 
	0 

	Interfering Serving Cells ID 
	non-colliding, CID [0 1 2] 

	Interference scenario 
	2 interfering cells; See R4-136905 

	ON/OFF scenarios 
	ON/ON/ON 

	Interference Noise Profiles 
	5%-25%: INR3 = [13.91 dB, 3.34 dB]

	Bandwidth 
	10 MHz 

	PDSCH Resource allocation 
	50 PRB 

	Cyclic prefix 
	Normal 

	Propagation channel 
	2x2, 2x4, 4x2, 4x4 | EVA 5Hz | Low and Medium Antenna Correlation (Same for interferers) 

	Transmission mode 
	TM4 

	Serving Rank/CWs 
	RI = 2 and RI = 4 | 2 CWs 

	Serving MCS 
	Fixed 16QAM with 0.5 code rate 

	Interferer MCS 
	Random MCS, random Rank up to 2, random PMI, 2 CWs transmitted with RI=2 

	Receiver algorithms 
	LMMSE-IRC  

	Channel estimation 
	Realistic, No CRS-IC 

	Covariance estimation 
	Realistic 

	PMI feedback 
	Follow wideband PMI 

	PCFICH 
	CFI=3 


Appendix B – System simulation assumptions
Table 2: System simulation assumptions

	Parameters 
	Values 

	Network scenario
	21 3-sectored cells (homogenous hexagonal), ISD: 500m

	Fast fading model
	ITU-R full geometric UMa model 2D

	Antenna pattern (eNB/UE)
	ITU-R M.2135/isotropic

	Antenna gain (eNB/UE)
	17dBi/5dBi

	Antenna polarization (eNB/UE)
	(xPol/xPol)

	Receiver
	MMSE with interference estimation from DM-RS (demod) and IMR (CSI)

	Channel estimation
	DM-RS based (demod), CSI-RS (CSI)

	EVM TX/RX
	6%/4%

	Scheduling algorithms
	Time-domain: PF, Freq-domain: PF

	Traffic
	FTP1, 100 kB packet size

	Traffic indoor probability
	80%

	CSI feedback mode
	3-1 (6 PRB CQI granularity, wideband PMI)


