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1 Introduction

Multiple antennas for transmission and reception are used for improving both the user- and cell throughput and are key factors behind the high performance offered by 3GPP LTE standard. Starting from Rel-10 up to 8 layers is supported. However, the UE performance requirements are still based on the use of 2 receive antenna ports (AP); there are no requirements for a UE that can be equipped with more than two ports for achieving additional diversity gain and/or multiplexing gain. 

With 4 Rx a 4x4 MIMO system supports up to four layer spatial multiplexing. With 4 Rx AP an 8x4 MIMO system with four layer spatial multiplexing is capable of utilizing both beam forming and diversity gain in maximum level. These layers can be combined through dynamic beamforming and MIMO receiver processing to increase reliability and range. From a performance point of view the use of 4 Rx AP allows higher UE data rates in a wide range of scenarios and improved receiver sensitivity in general. Depending on the target SNR region, the transmission scheme used in the eNodeB and the channel conditions, the peak throughput can be doubled compared to dual-layer multiplexing by virtue of additional diversity gain and/or multiplexing gain. Additionally, due to the increased sensitivity,  cell coverage may under ideal circumstances be doubled, resulting in fewer blind spots entirely lacking reception.
With the above expectation, in order to enhance the end user experience it’s proposed to start a new WI to define core and UE performance requirement for LTE with 4 Rx AP in Rel-13 in RAN4.In this contribution we show the user- and system gains that can be achieved with 4 Rx AP and discuss the content of a proposed work item.
2 Motivation of the work
In order to promote the work for 4 Rx AP for LTE in Rel-13 analysis and performance results are provided in this chapter.
2.1.1 RF core requirements

For the core parts the work will be mainly on section 7, Receiver characteristics, in [1]. It is clearly stated in [1] as following that all the requirements defined in this chapter are only for 2 Rx ports which means for 4 Rx ports new requirements will be needed. 
------------------- << taken from 36.101 >>-------------------

7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Requirements for 4 ports are FFS. With the exception of subclause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.

For a category 0 UE the requirements in Section 7 assume that the receiver is equipped with single Rx port.
-------------------<< taken from 36.101 >>-------------------

In a diversity system, the BER is a linear function of the SNR (in a log-log plot), where the slope of the plot indicates the diversity order. The BER, in a system with diversity order two, would fall off by a factor of 102 for every 10dB gain in SNR. 

[image: image1.emf]
Figure 1: BER versus average SNR of a single element for Maximal Ratio Combining (adopted from [1]).
Figure 1 depicts average SNR versus BER seen at a receiver for single antenna, dual antenna and four antenna receivers. This analysis is done for AWGN channel when maximum ratio combining (MRC) is used at the receiver. The BER improves singinifcantly when the number of receive antennas are increased. This means that, to achieve a certain BER, much lower SNR is required when receive diversity is introduced (compare single antenna case to dual antenna receiver) and the required SNR falls further when more receive antennas are added (compare dual antenna receiver to 4-Rx antenna receiver). 

It is our understanding that, to obtain maximum benefits from 4-Rx antenna ports, it is imperative to define new set of receiver requirements when 4-Rx is considered so we we propose that the scope of RF core work in the work item would be to develop all RF Rx requirements for 4RX UEs.
2.1.2 RLM requirements

For the RRM core requirement section 7Timing and signalling characteristics of 36.133 contains requirements for UE transmit timing, UE timer accuracy, Timing advance, Cell phase synchronization accuracy (TDD), Synchronization Requirements for E-UTRAN to 1xRTT and HRPD Handovers, Radio link monitoring, SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation, Interruptions with Carrier Aggregation, Maximum Transmission Timing Difference in Carrier Aggregation, Interruptions with RSTD Measurements with Carrier Aggregation, Radio Link Monitoring for UE Category 0, Interruptions with Dual Connectivity, Cell phase synchronization accuracy (Synchronized mode of dual connectivity), PSCell Addition and Release Delay for E-UTRA Dual Connectivity, and Maximum Receive Timing Difference in Dual Connectivity. None of the basic timing or the requirements for timing/interruptions in LTE should be impacted by the use of a 4RX UE, however it is expected that radio link monitoring needs to be worked on, similarly as was done for UE category 0.

It is anticipated that a 4RX UE should be able to provide better coverage than a 2RX UE, and as such, the Qin and Qout thresholds should correspond to the 10% and 2% BLER points for 4RX. While this does not impact the text in section 7 in 36.133 greatly, SNR levels corresponding to Qin and Qout would need to be found from simulations, and captured in the corresponding RLM test cases.

Based on the analysis, we propose that the scope of RRM core work in the work item would be to develop RLM requirements for 4RX UEs.

2.2 PDSCH requirements
2.2.1 System level performance

From system level the throughput performance for the mean user bit rate and 5% percentile cell edge user bit rate is shown in Figure 2 for TM4 and TM10 in Figure 3, with the used system parameter shown in Appendix. 
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Figure 2 System level results for TM4 based on practical IRC receiver
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Figure 3 System level results for TM10 based on practical IRC receiver
With 2 layers and TM4 the system level performance of 4 Rx is boosed to 200% TP at medium served traffic (60Mbps/sqkm) for both mean and 5% percentile user bit rate, cf. Figure 2. For TM10 and 2 layers, cf. Figure 3, the system level performance of 4 Rx is increased by 66% TP for mean user bit rate and by 100% TP for 5% percentile user bit rate at medium served traffic (60Mbps/sqkm).
2.2.2 Link level performance
The following link level results in Figure 4~6 are based on low channel correlation between antennas. The link level results in Figure 4 and 5 under multi-cell scenarios are based on the IRC scenario with TM4 on the serving cell and 2 interfering cells. FRC and followed CQI are used respectively in Figure 4 and 5 using practical MMSE-MRC or MMSE-IRC receiver. 
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Figure 4 Link level results for TM4 with FRC 16QAM code rate ½ under multi-cell scenario based on practical IRC/MRC receiver
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Figure 5 Link level results for TM4 with followed CQI under multi-cell scenario based on practical IRC/MRC receiver
It’s observed from Figure 4 and Figure 5 that even with 2 layers on 4 Rx with diverisity gain only, the link level performance can be improved substantially: by 5dB for MMSE-MRC receiver and 7dB for MMSE-IRC receiver. With full rank as 4 layers with 4 Rx peak TPut  doubles compared to 2 layers with 2 Rx at high SINR range.

Figure 6 gives the link level results for single cell scenario with TM4 based on FRC and followed CQI. With FRC test the results for 4 layers are worse than 2 layers at low SNR range. This is due to the fact that there is no link adaption and hence a forced too high MCS on what the channel can handle. For 4 Rx antennas with 2 layers the diverisity gain can still achieve up to 5dB.
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Figure 6 Link level results for TM4 under single-cell scenario based on practical MRC receiver with FRC and follow CQI
Figure 7 and 8 gives the link level TPut results for single cell scenario for different receivers with follow CQI using a high correlation cross-polarized (Xpol) antenna configuration. Figure 7 gives results for linear MMSE receiver and Figure 8 is for SU-MIMO IC receivers such as ML and CWIC. In Figure 6 4x4 with 4 layers is included but it gives worse performance than 2 layer cases. This is due to high correlations between 2 sets of Xpol antennas so only 2 of the 4 layers are actually good enough to demodulate the data. But there are still good gain for 4 Rx AP with 2 layers up to 5 dB observed comparing to 2 Rx AP with 2 layers.
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Figure 7 Link level results for TM4 with single-cell scenario based on practical MMSE receiver with follow CQI under Xpol high EPA5
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Figure 8 Link level results for TM4 with single-cell scenario based on practical SU-MIMO receivers with follow CQI under Xpol high EPA5

As summary it’s beneficial to include different receiver types for the 4x4 MIMO work to achieve proper gain depending on different scenarios to achieve better PDSCH performance. Practical antenna configuration should be considered for 4 Rx AP.
2.2.3 Control channels requirements
The control channel demodulation performance is specified in 36.101 with the following sections, 

· section 8.4 for PDCCH/PCFICH

· section 8.5 for PHICH

· section 8.6 for PBCH

In this section simulations of the control channels as noted above are presented with 2 and 4 antennas respectively. In the Figure 9~11 below the Pm-dsg performance of PDCCH and the PCFICH channels are presented where Pm-dsg is the probability of a missed downlink scheduling grant. Please note that the PCFICH error likelihood is included in the PDCCH error.
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Figure 9: PDCCH performance for Single antenna port with 2 and 4 Rx antennas with low correlation. 

In Figure 9, the PDCCH performance for LTE FDD of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.1 for a Single antenna port transmission.  For this case at 1% the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 10: PDCCH performance for 2 Tx antenna ports with Tx Diversity and 2 and 4 Rx antennas with low correlation

In Figure 10, the PDCCH  performance for LTE FDD with 2 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.2.1. Also here the gain is approximately 3 dB for the 4Rx antenna UE.
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Figure 11: PDCCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx with medium correlation using a cross-polarization factor, γ, of 0.3.
In Figure 11, the PDCCH performance for 4 Tx antennas of the 4 Rx UE is compared with the legacy 2Rx UE as specified in 36.101, section 8.4.1.2.2. Also here the gain is approximately 3 dB for the 4Rx antenna UE.

The performance is summarized in the table below

Table 1 SNR required for PCCH performance reaching 1% Pm-dsg

	
	PDCCH

	
	1 Tx Antenna
	2 Tx Antenna
	4 Tx Antenna

	
	2Rx
	4Rx
	2Rx
	4Rx
	2Rx ULA
	4Rx
ULA
	4Rx 
X-Pol

	SNR [dB]
	-4 dB
	-7.3
	-4.3
	-7.7
	2.11
	-0.75
	-4.2


Next the PHICH performance is simulated, which is presented in Figure 12 to Figure 14. The requirement on PHICH is that Pm-an is lower than 0.1% at the testpoints. Therefore the results are compared at these levels.
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Figure 12: PHICH performance for Single antenna port with 2 and 4 Rx antennas and low correlation
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Figure 13: PHICH performance for 2 Tx antenna ports with Tx Diversity with 2 and 4 Rx antennas with low correlation
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Figure 14: PHICH: performance for 4 Tx antenna ports with 2 and 4 Rx antennas and medium correlation using a cross-polarization factor, γ, of 0.3.
In Figure 12 to Figure 14 the performance of PHICH as specified for 2 Rx in sections 8.5.1.1, 8.5.1.2.1 and 8.5.1.2.2 in 36.101 is shown for 2 and 4 Rx antennas with different correlations between the antennas. In Figure 13 the performance for PHICH is specified as the probability of a miss-detecting ACK for NACK (Pm-an). In 
Table 2
 the performance at 0.1% BLER are summarized

Table 2 SNR required to reach Pm-an lower than 0.1% on PHICH

	Pm-an
	PHICH

	
	1 Tx Antenna
	2 Tx Antennas
	4 Tx Antenna

	
	2Rx 
	4Rx 
	2Rx 
	4Rx 
	2Rx ULA
	4Rx ULA
	4Rx 
X-Pol

	SNR [dB]
	-2.1
	-5.5
	-3.3
	-7.4
	-1.9
	-4.8
	-7.7


Finally the PBCH performance is simulated for 2 and 4Rx receivers.
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Figure 15: PBCH performance for Single antenna port with 2 and 4 Rx antennas at low correlation
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Figure 16: PBCH performance for 2 Tx antenna ports with Tx Diversity and 2 and 4 Rx antennas and low correlation
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Figure 17: PBCH performance for 4 Tx antenna ports with Tx Diversity with 2 and 4 Rx antennas with medium correlation using a cross-polarization factor, γ, of 0.3.
The performance when the Pm-bch=1% is shown for the different configurations in Table 3. 

Table 3 PBCH performance as the SNR when Pm-bch=1%

	
	PBCH

	Antenna config
	1 Tx Antenna
	2 Tx Antennas
	4 Tx Antenna

	
	2Rx ULA
	4Rx ULA
	2Rx ULA
	4Rx ULA
	2Rx ULA
	4Rx ULA
	4Rx 
X-Pol

	SNR [dB]
	-7.4
	-12
	-8.5
	-12.5
	-7.8
	-9.6
	-12.5


2.2.4 CSI requirements

The CSI requirements are needed to guarantee the proper CSI reporting from 4 Rx ports. By definition CQI is calculated assuming one codeword for RI=1 and two codewords for RI > 1. With maximum 2 CQIs fed back from UE side it’s considered to be a good tradeoff between throughput gains and feedback overhead in terms of CQI and HARQ ACK/NACK feedback. When 4 Rx AP are present it’s necessary to have new CQI requirements to test that the UE follows the CQI definition for dual codewords in case of RI>2. Also new PMI and RI requirements based on 4 Rx AP should be specified in order to cover the cases with RI>2.
The CSI performance is specified in 36.101, section 9.  In section 9.2 and 9.3 the CQI reporting requirements are specified for AWGN and fading conditions respectively. In 36.101, section 9.2, the configurations for 4 receiver antennas shall be specified as well. 

Requirements for a UE receiver with 4 receiver antennas shall be included for the PMI reporting in section 9.4 and reporting of Rank Indicator in section 9.5. 

3 Object of this WI
The objectives of this WI are listed below.
3.1 Objective of SI or Core part WI or Testing part WI

3.1.1 RF core requirement with 4 Rx AP
The objectives for RF core requirements for 4 Rx AP are the following

· Scope for non-CA operation

· No changes anticipated for RF Tx requirements

· All RF Rx requirements are in the scope of the work item

· specification of requirements in sub-clauses 7.1-7.10 of 36.101 applicable to 4Rx
· For each band the RF requirements are verified according to the number of Rx ports supported by the UE

· Objectives for test coverage

· 2 Rx performance needs to be guaranteed if the 4 Rx operates with 2 Rx chains. 2 Rx test in addition to 4 Rx needs to be considered during the work item phase, if 2 Rx operations would not meet 2 Rx requirements when 4 Rx requirements are met.
· Scope for CA operation

· Specify 4 Rx RF requirements for CA after the non-CA requirements have been completed. The non-CA must be agreed and included in 36.101.
3.1.2 
RRM core requirement with 4 Rx AP

The objectives for RRM core requirements for 4 Rx AP are the following
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

3.2 Objective of Performance part WI
3.2.1 General 

· Define proper antenna configuration, MIMO channel correlation matrices, propagation channel condition for 4 Rx AP based MIMO in order to support UE performance and CSI requirement

3.2.2 UE demodulation requirement with 4 Rx AP
The objectives for demodulation requirements of PDSCH for 4 Rx AP are the following

· Specify UE performance requirements with 4 Rx antenna including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)

· Demodulation of PDSCH (User-Specific Reference Symbols)

· PDSCH demodulation requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 

The objectives for demodulation requirements of control channels for 4 Rx AP are the following 

· Study feasibility of control channels demodulation with 4 Rx antenna with respect to

· Impact on UE power performance

· System benefit

· UE behavior in network

· The outcome of the feasibility study is decision on whether control channel demodulation performance needs to be specified and which control channel needs to be specified.

· Specify control channels demodulation performance based on the outcome of the above feasibility of using 4 Rx for control channels.

3.2.3 UE CSI requirement with 4 Rx AP
The objectives for CSI requirements for 4 Rx AP are the following 
· WI scope includes CSI requirements for 4 Rx antenna including 

· CQI

· PMI

· RI

· CSI requirements support up to 4 layers.

· No prioritization on number of layers.

· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers. 
4 Conclusions

In order to get better user experience, system capacity and cell range it’s important to define new tests based on 4 Rx ports for LTE. Based on the analysis above we propose to start a new WI in Rel-13 for LTE DL 4 Rx AP work.
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6 Appendix

Table 4 System level simulation parameters

	Parameter
	Values used for evaluation

	Node deployment
	Homogenous: Seven 3-sector Macro sites (21 cells), inter site distance 500 m 

	Carrier frequency 
	2 GHz

	Propagation model
	Modified ITU Urban Macro

	eNB Antenna model
	A parameterized model fitted to the Kathrein 742215 antenna 
· Antenna gain 18 dBi, horizontal half-power beamwidth 65 deg, front-to-back ratio 25 dB, vertical half-power beamwidth 6.5 deg, sidelobe level 17 dB, maximum total attenuation 30 dB. Electrical down tilt 8 deg, antenna height 25 m

	Network synchronization
	Synchronized

	PCI planning
	Same CRS shift in all points, colliding CRS (“non-shifted CRS”)

	UE distribution
	3GPP Configuration 4b (Hotspots), 80% indoors, speed 3 km/h

	Traffic model
	File download traffic, 100 kbytes filesize

	Antenna configurations
	Macro sector: 2Tx: ±45°cross-polarized, 

UE: 2Rx, 4Rx omni-directional : ±45°cross-polarized, 0.5λ distance (between antenna elements with same polarization)

	System and carrier bandwidth
	10 MHz

	Control channel overhead
	DL: 3 OFDM symbols for PDCCH/ePDCCH

	RS overhead
	Depending on transmission mode

	Transmit powers
	Macro: 46 dBm

	Noise figure
	9 dB in UE

	DL EVM
	None

	Cell selection
	1 dB, RSRP based cell selection

	DL Transmission schemes
	Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

	Receiver (Demodulation+CQI)
	IRC

	Scheduling
	Round robin

	CSI reporting
	5 ms between two consecutive reports, 6 ms delay

	CSI mode
	PUSCH 3-1 (sub-band CQI, wideband PMI)

	Interference filtering
	Averaging per 3RBs in the frequency domain, no time domain filtering between subframes

	Interference modeling
	Intercell interference from all cells modeled, i.e. ideal noise estimation
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