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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Recently clear market needs are observed to further boost the downlink peak data rate to 1.2Gbps and 1.6Gbps, which requires support of 8 layers on a single carrier to increase the spectrum efficiency. To achieve that goal, utilization of 8 receiving antenna (8Rx) in downlink is a must. Correspondingly, the new UE DL category 18 and 19 were introduced in TS36.306 with square brackets. And RAN4 is expected to specify the new RF, RRM and demodulation performance requirements for them.

Many benefits can be achieved by 8Rx UE. It can significantly improve the downlink throughput for a single user across the cell, and also enhance the coverage for the cell edge users. Considering that 256QAM and even higher order modulation scheme was and will be introduced, 8Rx would be one of the efficient and robust ways to make the use of them feasible in the practical operating SINR range. Besides, 8Rx UE with IRC has the capability of cancelling more inter-cell interferers.
To study the performance benefits of 8Rx, a new study item " Study on LTE DL 8Rx antenna ports " was approved at RAN #76 [1], and the current document summarizes the study done under this study item.
1
Scope

The study item should fulfil the following objectives:
· Evaluation of PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4 

· Identify the scenarios for the evaluations

· Identify the necessary parameters including MCS, rank (≤4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx under the identified scenarios to investigate the performance gain
· Use MMSE-IRC as the reference receiver

· Evaluation of PDSCH demodulation performance with 8Rx for the transmissions with rank higher than 4 

· Identify the scenarios for the evaluations 

· Identify the necessary parameters including MCS, rank (>4), antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and investigate the operating SNR for higher layer transmission
· Use MMSE-IRC as the reference receiver

· Evaluation of PCFICH/PDCCH demodulation performance with 8Rx

· Identify the scenarios for the evaluations

· Identify the necessary parameters including CCE levels, antenna configuration and MIMO channel correlation, and propagation conditions

· Minimize the evaluation case numbers as much as possible

· Run link level simulations, and compare 8Rx performance with 4Rx performance under the identified scenarios to investigate the performance gain
· Use MMSE as the reference receiver

· Based on the above evaluation results, identify the UE RF, RRM and UE performance requirements, which will be specified.

· Identify the scope and objectives of UE RF requirements for 8Rx

· Decide the supported LTE bands for 8Rx

· Identify the scope and objectives of RRM core requirements for 8Rx
· Identify the scope and objectives of RRM performance requirements for 8Rx
· Identify the scope and objectives of UE performance requirements for 8Rx
· UE demodulation requirements

· CSI requirements

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

 [1]
3GPP TSG RAN RP-171491: "New SI: Study on LTE DL 8Rx antenna ports ". 
<Text will be added>
3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
UE link level demodulation performance 
4.1
PDSCH demodulation evaluation
4.1.1
Rank ≤4
4.1.1.1
Evaluation scenarios
The evaluation scenarios of transmit diversity are listed in Table 4.1.1-1. And the specific parameters ( and ( are given in Table 4.1.1-2.
Table 4.1.1-1 Simulation assumptions for Transmit diversity

	Test number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna configuration

	1
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	2x4
Medium correlation A, ULA

	2
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	2x8 Low
Medium correlation B, ULA


The eNodeB and UE MIMO correlation matrices 
[image: image3.wmf]eNB

R

and 
[image: image4.wmf]UE

R

 which apply for the antenna configuration using uniform linear arrays at both eNodeB and UE are given by the equations (4.1.1-1) and (4.1.1-2) 
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Table 4.1.1-2 The ( and ( parameters for ULA MIMO correlation matrices

	Correlation Model
	(
	(

	Low correlation
	0
	0

	Medium Correlation A
	0.3
	0.3874

	Medium Correlation B
	0.3
	0.005154


· Note: 
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The evaluation scenarios of open-loop spatial multiplexing are listed in Table 4.1.1-3.
Table 4.1.1-3 Simulation assumptions for TM3 2 layer

	Test number
	Transmission mode
	Bandwidth and MCS
	Reference channel
	Propagation condition
	Correlation matrix and antenna configuration

	1
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	2x4 Low

	2
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	2x8 Low


4.1.1.2
Evaluation results
The evaluation results from companies for test cases in Table 4.1.1-1 are depicted in Figure 1 to Figure 3. 
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Figure 1 Simulation results for TM2 (Huawei, R4-1710548)
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Figure 2 Simulation results for TM2 (Intel, R4-1710400)
 SHAPE  \* MERGEFORMAT 



Figure 3 Simulation results for TM2 (Qualcomm, R4-1710311)
The evaluation results from companies for test cases in Table 4.1.1-3 are depicted in Figure 4 to Figure 6.
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Figure 4 Simulation results for TM3 (Huawei, R4-1710548)
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Figure 5 Simulation results for TM3 (Intel, R4-1710401)

 SHAPE  \* MERGEFORMAT 



Figure 6 Simulation results for TM3 (Qualcomm, R4-1710311)
Additional independent simulation results from interested companies for the MU-MIMO with single layer and TM9 with dual-layer transmission scenarios not captured in the Table 4.1.1-1and 4.1.1-3can be found in Figure B-1 to Figure B-2 in Annex B. 
4.1.1.3
Summary of link level evaluation results
The companies’ evaluation results of TM2 and TM3 as depicted in section 4.1.1.2 are summarised in Table 4.1.1-4 and Table 4.1.1-5 respectively.

Table 4.1.1-4 Summary of TM2 simulation results
	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix and antenna config.
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	2x4
	2x8
	

	Huawei,

HiSilicon
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	2.3
	0.25
	2.05

	Intel
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.2
	-2.6
	3.8

	Qualcomm
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.5
	-1.1
	2.6

	Average value
	TM2
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA5
	Medium correlation A, ULA for 2x4 /Medium correlation B, ULA, for 2x8
	1.7
	-1.2
	2.9


Table 4.1.1-5 Summary of TM3 simulation results
	Source
	Transmission mode
	Bandwidth and MCS


	Reference channel


	Propagation condition


	Correlation matrix 
	SNR(dB)@70% MaxTP
	Performance gain (dB) of 8Rx compared to 4Rx

	
	
	
	
	
	
	2x4
	2x8
	

	Huawei,

HiSilicon
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	6.38
	2.58
	3.80

	Intel
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.5
	1.6
	3.9

	Qualcomm
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.5
	2.4
	3.1

	Average 

value  
	TM3
	10 MHz
16QAM,1/2
	R.11 FDD
	EVA70
	Low
	5.8
	2.2
	3.6


From the results in Table 4.1.1-4, for TM2, 8Rx can achieve average 2.9dB performance gain compared to 4Rx with the assumptions in Table 4.1.1-1 and Table 4.1.1-2.

From the results in Table 4.1.1-5, for TM3 with dual-layer transmission, 8Rx can achieve average 3.6dB performance gain compared to 4Rx with the assumptions in Table 4.1.1-3.
4.1.1.3A
Miscellaneous observations
The observation in this section is not based on common understanding from RAN4, and reflects individual interested company’s   own view based on the independent evaluation results. 
From Figure B-1 in Annex B for the single-layer MU-MIMO scenario, some company observes that:

a. The gain obtained from 8Rx reduces to about 1.5dB compared to 4Rx in low correlation cases;

b. If the same Medium Correlation A (MedCorrA) is applied, 8Rx slightly underperforms 4Rx;

c. 8Rx with MedCorrB obtains about 3dB gain against 4Rx with MedCorrA at 70% of maximum configured throughput.

From Figure B-2 for the TM9 with dual-layer case, it is observed that, for SNR greater than 30dB and Medium Correlation A case, 4×4 antenna configuration obtains slightly higher throughput than 4×8 antenna configuration.

Some company views that the combination of medium correlation A and 8Rx ULA antenna model considered in Figure B-1 is too pessimistic assumption, and XPOL antenna model can better represent the practical 8Rx UE implementation. 

4.1.2
Rank >4
4.1.2.1
Evaluation scenarios
Demodulation test in EPA5 

The evaluation scenarios in EPA5 are given in Table 4.1.2-1.

Table 4.1.2-1 Test case for Rank>4

	Transmission mode
	Bandwidth
	propagation channel
	antenna configuration and correlation
	Rank

	TM9
	10MHz
	EPA5
	8x4 low
	Rank=4

 (for comparison)

	
	
	
	8x8 low
	Rank=5

	
	
	
	8x8 low
	Rank=6

	
	
	
	8x8 low
	Rank=7

	
	
	
	8x8 low
	Rank=8


Note: 

· MCS
· The used MCS for evaluation is the max MCS which UE can 100% decode rightly at achievable SNR for each rank. 
· Option 1: 21
· Option 2: 20
· Other options are not precluded.
· Modulation order

· 64QAM
· 256QAM is not precluded.
SDR test

The simulation assumptions for SDR tests are provided in the following Table 4.1.2-2, and the 8x8 static channel is given by the equation (4.1.2-3).

Table 4.1.2-2 Test case for SDR test

	Transmission mode
	Bandwidth
	Modulation order
	propagation channel
	antenna configuration and correlation
	MCS

	TM9
	10MHz
	64QAM
	8x8 static channel
	8x8 low
	21/22/23

	
	
	256QAM
	
	
	19/20/21
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                                          (4.1.2-1)
4.1.2.2
Evaluation results
Throughout the rest of this report,, “64QAM MCS table” refers to Table 7.1.7.1-1 in TS 36.213 with maximum modulation order of 6 and “256QAM MCS table” refers to Table 7.1.7.1-1A in TS 36.213 with maximum modulation order of 8 unless otherwise stated.
4.1.2.2.1
Fading channel: EPA5 and Low correlation
Companies’ evaluation results of test cases in Table 4.1.2-1 are depicted in Figure 7 to Figure 21.
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Figure 7 Simulation results for Rank=4 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 8 Simulation results for Rank=5 with 64QAM MCS table (Huawei, R4-1710549)

[image: image17]
Figure 9 Simulation results for Rank=5 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)

[image: image18]
Figure 10 Simulation results for Rank=5 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 11 Simulation results for Rank=6 with 64QAM MCS table (Huawei, R4-1710549)


[image: image20]
Figure 12 Simulation results for Rank=6 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)


[image: image21]
Figure 13 Simulation results for Rank=6 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 14 Simulation results for Rank=7 with 64QAM MCS table (Huawei, R4-1710549)


[image: image23]
Figure 15 Simulation results for Rank=7 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 16 Simulation results for Rank=7 with 256 QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 17 Simulation results for Rank=8 with 64QAM MCS table (Huawei, R4-1710549)
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Figure 18 Simulation results for Rank=8 with 64QAM MCS table (Intel, R4-1710402)
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Figure 19 Simulation results for Rank=8 with 256QAM MCS table (Intel, R4-1710402)
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Figure 20 Simulation results for Rank=8 with 64QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure 21 Simulation results for Rank=8 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)

4.1.2.2.2
SDR (Static propagation condition)
Companies’ evaluation results of SDR are depicted in Figure 22 to Figure 25.
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Figure 22 Simulation results for SDR test with 64QAM MCS table (Huawei, R4-1710549)
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Figure 23 Simulation results for SDR test with 256QAM MCS table (Huawei, R4-1710549)
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Figure 24 Simulation results for SDR test with 256QAM MCS table (Intel, R4-1710403)
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Figure 25 Simulation results for SDR with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
Additional independent simulation results from the interested companies for Rank=8 64QAM in fading channel and Rank=5,6,7 256QAM in AWGN channel scenarios that are not captured in Table 4.1.2-1 can be found in Figure B-3 to B-6 in Annex B.
4.1.2.3
Summary of link level evaluation results
4.1.2.2.1
Fading channel: EPA5 and Low correlation 
Companies’ evaluation results of achieved maximum TBS index (which can be totally decoded rightly) of TM9 with rank=4/5/6/7/8 in EPA5 channel model as depicted in section 4.1.2.2 are summarised in Table 4.1.2-3.
Table 4.1.2-3 Achieved max TBS index of TM9
	Source
	Transmission mode
	MCS table
	Propagation condition


	Correlation matrix and antenna config.
	TBS index

	
	
	
	
	
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei,

HiSilicon
	TM9
	64QAM MCS table
	EPA5
	8x8 Low
ULA
	22
	21
	20
	19
	17

	Intel
	TM9
	64QAM MCS table
	EPA5
	8x8 Low ULA
	
	
	
	
	15

	Intel
	TM9
	256QAM MCS table
	EPA5
	8x8 Low ULA
	25
	
	
	
	

	Qualcomm
	TM9
	64QAM MCS table
	EPA5
	8x8 Low ULA
	
	24
	23
	22
	21

	Qualcomm
	TM9
	256QAM MCS table
	EPA5
	8x8 Low ULA
	
	28
	27
	22
	21


The achieved performance gain of rank=5/6/7/8 compared to rank=4 in EPA5 channel model with low correlation are summarized in Table 4.1.2-4 and Table 4.1.2-4A.
Table 4.1.2-4 Throughput gain of different ranks compared to rank=4
	Source
	Transmission mode
	Propagation condition


	MCS table
	Correlation matrix and antenna config.
	TP gain=
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	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Huawei,

HiSilicon
	TM9
	EPA5
	64QAM MCS table
	8x8 Low,

ULA
	19.8%/21.2%
	37.9%/38.3%
	47.8%/54.6%
	34.2%/45.5%

	Qualcomm
	TM9
	EPA5
	64QAM MCS table
	8x8 Low, ULA
	20.1%/24.9%
	38.4%/39.6%
	46.9%/55.6%
	45.8%/58.0%

	Average value
	TM9
	EPA5
	64QAM MCS table
	8x8 Low, ULA
	20.0%/23.1%
	38.2%/39.0%
	47.4%/55.6%
	40.0%/51.8%


Table 4.1.2-4A Throughput gain of different ranks compared to rank=4
	Source
	Transmission mode
	Propagation condition


	MCS table
	Correlation matrix and antenna config.
	TP gain=
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	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Qualcomm
	TM9
	EPA5
	256QAM MCS table
	8x8 Low,

ULA
	1.1%/8.9%
	13.4%/22.2%
	4.6%/28.3%
	4.6%/13.4%


From Table 4.1.2-4, it is observed that when 64QAM MCS table is used, the average throughput gain of 8Rx with Rank>4 compared to 4Rx with rank=4 is as large as 47.4% and 55.6% at SNR of 36dB and 40dB respectively.  From Table 4.1.2-4A, it is observed that when 256QAM MCS table is used, the throughput gain of 8Rx with Rank> 4 compared to 4Rx with rank=4 is as large as 28.3% at 40dB SNR where the highest gain is observed under rank=7 transmission.
4.1.2.3.2
SDR (Static propagation condition)
Companies’ evaluation results of SDR as depicted in section 4.1.2.2 are summarised in following Table 4.1.2-5 and Table 4.1.2-5. Table 4.1.2-5 provides the summary of throughput for different TBS at 36dB and 40dB and Table 4.1.2-6 provides the TB success rate at 36dB and 40dB for the corresponding TBS index in Table 4.1.2-5.

Table 4.1.2-5 Throughput for different TBS at 36dB and 40dB (SDR)
	TBS Index
	Achieved Max throughput
 (Mbps)

TP_36dB/TP_40dB

	
	Huawei(Note 2)
	Intel
	Qualcomm (Note1)

	
	64QAM MCS table
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table

	22
	220.2720/220.2720
	
	
	
	
	

	23
	224.0420/224.0420
	
	
	
	
	

	…
	
	
	
	
	
	

	25
	
	
	
	231.293/231.293


	
	169/169

	…
	
	
	
	
	
	

	29
	
	293.7120/293.7120
	
	
	
	199/199

	30
	
	283.3776/293.7120
	
	
	
	179/205

	Note 1: 41RB allocation with 80% scheduling

Note 2: 50RB allocation with 100% scheduling. 


Table 4.1.2-6 TB success rate at 36dB and 40dB (SDR)

	TBS Index
	TB success rate

Rate_36dB/Rate_40dB

	
	Huawei
	Company 1

	
	64QAM MCS table 
	256QAM MCS table
	64QAM MCS table
	256QAM MCS table

	22
	100%/100%
	
	
	

	23
	97%/97%
	
	
	

	…
	
	
	
	

	29
	
	100%/100%
	
	

	30
	
	90%/100%
	
	

	Note :
The TB success rate is defined as TB success rate = 100%*NDL_correct_rx/    (NDL_newtx + NDL_retx), where  NDL_newtx is the number of newly transmitted DL transport blocks, NDL_retx is the number of retransmitted DL transport 
blocks, and NDL_correct_rx is the number of correctly received DL transport blocks.


Based on the reference channel R.31-7 FDD and R.68-4 FDD of existing SDR tests for 4Rx, the achieved maximum TP are 126.6Mbps and 168.8Mbps for 64QAM and 256 QAM. The 8Rx can achieve 73% and 74% SDR gain compared to 4Rx for 64QAM and 256QAM respectively.
4.1.2.3A
Miscellaneous observation
The observation in this section is not based on common understanding from RAN4 and reflects individual interested company’s own view based on the independent simulation results. Good low antenna correlation can be maintained in the practical implementation.
From Figure B-3 in Annex B, some company observes that the throughput performance of rank=8 degrades dramatically with a slight increase in β from zero to 10-6. Therefore, in order to achieve satisfactory performance by using 8Rx for ranks higher than 4, good low antenna correlation has to be maintained. 

Some company views that the combination of larger β and 8Rx ULA antenna model considered in Figure B-3 is too pessimistic assumption, and XPOL antenna model can better represent the practical 8Rx UE implementation. 
4.2
PCFICH/PDCCH demodulation performance evaluation
4.2.1
Evaluation scenarios
The evaluation scenarios of PCFICH/PDCCH are given in Table 4.2.1-1. The R.16 FDD refers to TS36.101 specification Annexe 3.5.1.

Table 4.2.1-1 simulation assumptions for PCFICH/PDCCH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 

	1 
	10 MHz
	4 CCE
	R.16 FDD
	 EVA70
	2 x 4 Low

	2
	10 MHz
	4 CCE
	R.16 FDD
	 EVA70
	2 x 8 Low

	3
	10MHz
	2 CCE
	R.16 FDD
	 EVA70
	2 x 8 Low


4.2.2
Evaluation results
The evaluation results of PCFICH/PDCCH from companies for test cases in Table 4.2.1-1 are depicted in Figure 26 to Figure 28.
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Figure 26 Simulation results for PCFICH/PDCCH (Huawei, R4-1710550)
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Figure 27 Simulation results PCFICH/PDCCH (Intel, R4-1710406)
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Figure 28 Simulation results for PCFICH/PDCCH (Qualcomm, R4-1710311)

4.2.3
Summary of link level evaluation results
The companies’ evaluation results of PCFICH/PDCCH test cases in Table 4.2.1-1 are summarised in Table 4.2.1-2.Table 4.2.1-2 Summary of PCFICH/PDCCH simulation results

	Source
	SNR(dB)@ Pm-dsg=1%

	
	4CCE
	2CCE

	
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx
	4Rx
	8Rx
	Performance gain (dB) of 8Rx compared to 4Rx

	Huawei
	-5.5
	-8.4
	2.9
	N/A
	-5.6
	N/A

	Intel
	-5.6
	-8.4
	2.8
	-2.7
	-5.8
	3.1

	Qualcomm
	-5.7
	-9.4
	3.7
	N/A
	-6.7
	N/A

	Average value
	-5.6
	-8.7
	3.1
	-2.7
	-6.0
	3.3


From the evaluation results in Table 4.2.1-2, with the same CCE aggregation level for both 8Rx and 4Rx, 8Rx can achieve average 3dB performance gain compared to 4Rx with 4CCE aggregation level. 8Rx with 2CCE aggregation level has slight performance gain compared to 4Rx with 4CCE aggregation level. It is also observed that Pm-dsg performance gain of 8Rx is realized at very low SNR under -5dB where UE may have handed over to a new target cell, or achieved at extremely low Pm-dsg regime under 0.1% which may not improve effective PDSCH throughput.
5
Identified UE RF, RRM and UE demodulation performance requirements
5.1
UE RF requirements

5.1.1
Supported bands in WI phase

The supported bands for LTE 8Rx UE are given in Table 5.1.1-1.

Table 5.1.1-1 supported bands for LTE 8Rx UE in WI phase

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD


5.1.2
WI scope and objectives

The objectives of the RF part are to define the RF requirements of 8Rx feature including operating bands and the REFSENS in the WI scope.

Only single carrier requirements are in the scope of 8Rx, no new Tx requirements are expected. For Rx requirements, only REFSENS is defined for 8Rx feature.

5.2
UE RRM requirements

5.2.1
WI scope and objectives

The objective w.r.t. RRM is to identify the scope and objective of RRM core and performance requirements for 8Rx.

5.2.2
Identified RRM scope and objectives

The RRM scope was widely discussed in RAN4 #84 (R4-1707422 and R4-1708245). The consensus was captured in the WF R4-1709087:

· No new RRM requirement shall be defined for 8Rx

· No new RLM requirement shall be defined for 8Rx 

· UE is only required to pass the legacy 2Rx or 4Rx RLM testing
Therefore, no new RRM core requirements and test cases shall be defined for 8Rx. In performance part, testing applicability rule will be defined for enabling 8Rx UE to pass the legacy 2Rx or 4Rx RLM test cases.
5.3
UE demodulation/CSI requirements 

5.3.1
WI scope and objectives  
Based on the evaluation results of 8Rx PDSCH and taking workload into account, the following aspects are recommended to be specified in the WI phase,
· Define channel model for downlink 8Rx antennas.
· Specify the antenna configuration and MIMO channel correlation matrices for 8Rx antennas;

· Specify the static channel matrix;
· Define test cases for the rank lower than or equal to 4.

·  Adopt the test cases studied in SI to define requirements.
· Define test cases for the rank higher than 4 in fading channel.
· Base on combinations of rank and MCS that can achieve the maximum configured throughput.
· Define SDR tests for 8Rx.
· Define CSI tests for 8Rx.
Considering the test coverage of 8Rx, test applicability rule is needed to define.

· Define applicability rule of existing performance requirements for 8Rx capable UEs.
Based on the observations from PCFICH/PDCCH evaluation results, no test case for PCFICH/PDCCH with 8Rx will be introduced.
6
Conclusions
This technical report documents the RAN4 study on LTE DL 8Rx antenna ports. The objectives of the SI include evaluating of PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4 and rank higher than 4, evaluating of PCFICH/PDCCH demodulation performance with 8Rx, and identifying the UE RF, RRM and UE performance requirements which will be specified in WI phase.
The evaluation results are summarised in the following,

· For PDSCH demodulation performance with 8Rx for the transmission with rank lower than or equal to 4
· For TM2, 8Rx can achieve average 2.9dB performance gain compared to 4Rx.

· For TM3 with dual-layer transmission, 8Rx can achieve average 3.6dB performance gain compared to 4Rx.
· For PDSCH demodulation performance with 8Rx for the transmission with rank higher than 4
· In EPA5 channel model with low correction, when Table 7.1.7.1-1 in TS36.213 (64QAM MCS table) is used, the average throughput gain of 8Rx with Rank>4 with respect to 4Rx with rank=4 is as large as 47.4% and 55.6% at SNR of 36dB and 40dB respectively. And when Table 7.1.7.1-1A in TS36.213 (256QAM MCS table) is used, the throughput gain of 8Rx with Rank> 4 with respect to 4Rx with rank=4 is as large as 28.3% at 40dB SNR where the highest gain is observed under rank=7 transmission.
· For SDR, the 8Rx can achieve 73% and 74% SDR gain compared to 4Rx for 64QAM and 256QAM respectively.
· PCFICH/PDCCH demodulation performance with 8Rx
· With the same CCE aggregation level for both 8Rx and 4Rx, 8Rx can achieve average 3dB performance gain compared to 4Rx with 4CCE aggregation level. 8Rx with 2CCE aggregation level has slight performance gain compared to 4Rx with 4CCE aggregation level.
· It is observed that the PDCCH/PCFICH demodulation performance gain from 8Rx is either achieved at the SNR lower than -5dB where UE may have handed over to a new cell, or at a Pm-dsg below 1% that brings little improvement on the effective PDSCH throughput.

Considering the performance evaluation results as well as the test coverage and workload, for the requirements in the follow-up work item, it is recommended to:
· For UE RF requirements
· Define the single carrier RF requirements of 8Rx feature

· No new Tx requirements are expected.

· Introduce the operating bands to support 8Rx antennas.

· Define reference sensitivity for the bands supporting 8Rx antennas
· For UE RRM requirements

· No new RRM requirement shall be defined for 8Rx

· No new RLM requirement shall be defined for 8Rx 

· UE is only required to pass the legacy 2Rx or 4Rx RLM testing

· In performance part, testing applicability rule will be defined for enabling 8Rx UE to pass the legacy 2Rx or 4Rx RLM test cases.
· For UE demodulation/CSI requirements
· Define channel model for downlink 8Rx antennas
· Specify the antenna configuration and MIMO channel correlation matrices for 8Rx antennas;

· Specify the static channel model;
· Define test cases for the rank lower than or equal to 4.
· Adopt the test cases studied in SI to define requirements.
· Define test cases for the rank higher than 4 in fading channel.
· Base on combinations of rank and MCS that can achieve the maximum configured throughput.

· Define SDR test for 8Rx in WI.
· Define CSI test for 8Rx.
Considering the test coverage of 8Rx, test applicability rule is needed to define.

· Define applicability rule of existing performance requirements for 8Rx capable UEs.
Considering the observation from PCFICH/PDCCH evaluation results, no test cases for PCFICH/PDCCH with 8Rx will be introduced.
· No PDCCH/PCFICH demodulation requirement shall be defined for 8Rx.
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Annex B:
Additional independent simulation results from interested companies.
Miscellaneous PDSCH demodulation simulation result for rank lower than 4 from the individual interested companies are depicted in Figure B-1 to Figure B-2.
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Figure B-1 Normalized throughput performance for TM9, single-layer spatial multiplexing, EPA5 (Intel, R4-1710399)
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Figure B-2 Normalized throughput performance for TM9, dual-layer spatial multiplexing, EPA5 (Intel, R4-1710399)
Miscellaneous PDSCH demodulation simulation results for rank higher than 4 from the individual interested companies are depicted in Figure B-3 to Figure B-6.
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Figure B-3 Normalized throughput performance for TM9 8×8 8-layer Spatial Multiplexing under 64QAM MCS table (Intel, R4-1710399)
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Figure B-4 Simulation results for Rank=5 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872) 
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Figure B-5 Simulation results for Rank=6 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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Figure B-6 Simulation results for Rank=7 with 256QAM MCS table (Qualcomm Incorporated, R4-1712872)
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