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1 Introduction
In RAN4 NR AH#2, one contribution was submitted on NR 4Rx UE [1]. And it was proposed to specify the 4Rx NR conducted RRM and demodulation performance requirements in Rel-15 and to prioritize 4Rx when specifying NR conducted RRM and performance requirements in Rel-15.
In this contribution, we would like to focus on the discussion of 4Rx for NR UE RRM and demodulation/CSI requirements (the CSI framework part may also belong to the core part according to the conclusion in LTE).
2 Discussion
2.1 Performance gain of 4Rx over 2Rx
In Annex we re-present part of our evaluations and analysis of the benefits by using 4Rx compared to 2Rx. In this section, we would like to provide the further test results for 4Rx as shown in Figure 1. In this evaluation, the antenna configurations of 2×2/2×4 and 4×2/4×4 are used, and UE is moving from the cell center to the cell edge. The link adaption is used for UE. The evaluation is based on LTE pre-coding scheme. 
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Figure 1: Performance comparison between 4Rx and 2Rx
In Table 1, we summarized the performance comparisons. The big performance gains are observed.
Table 1: Summary of performance comparison when UE is moving from the cell center to cell edge
	BS transmit antenna number 
	UE antenna 
	UE Avg Tput(Mbps） 
	Ue Avg Tput Gain 
	5% UE Tput（Mbps） 
	5% UE Tput Gain 

	2T 
	2T2R 
	19.65 
	-- 
	0.373 
	-- 

	
	2T4R 
	29.40 
	49.6% 
	0.817 
	119% 

	4T 
	2T2R 
	30.87 
	-- 
	1.197 
	-- 

	
	2T4R 
	48.36 
	56.7% 
	2.238 
	87% 


· Observation 1: Utilization of 4Rx can significantly improve the downlink performance in terms of both system level performance and link level performance for both cell center and cell edge UEs.
2.2 UE implementation feasibility for 4Rx UE
On a UE, the main/diversity antennas for MIMO, GSP and WiFi antennas need to be supported. As shown in Figure 2, the upper side and the lower side of the smartphone can be used to place the antennas. According to our analysis, two antennas can be placed on each side. And the left and right sides of smartphone would also be utilized to place more antennas.
According to the trend of the increasing screen size for the smartphone (like Huawei Mate series product), 85%-90% screen to body ratio would be the mainstream in the future. According to our analysis, the four antennas for band larger than 1.7GHz could fit the size of the phone. But for the band less than 1.7GHz, about 50mm2 is needed for a single antenna such that two more low band antennas will exceed the available space to place the antenna at one side of the smartphone.
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Figure 2: Antenna placement on the smartphone
· Observation 2: NR UR can support 4Rx on the bands higher than 1.7GHz.
Furthermore, LTE supports 4Rx on Band 1, Band 2, Band 3, Band 7, Band 20, Band 21, Band 25, Band 39, Band 40, Band 41 and Band 42. The corresponding frequency ranges are as shown below. Most of bands are higher than 1.8GHz.

--------------------------- Text of 36.101 ------------------------------

Table 5.5-1 E-UTRA operating bands

	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
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840 MHz
	875 MHz
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	11
	1427.9 MHz
	–
	1447.9 MHz 
	1475.9 MHz
	–
	1495.9 MHz 
	FDD

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	Reserved
	FDD

	16
	Reserved
	Reserved
	FDD

	17
	704 MHz
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	FDD

	231
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	FDD

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	FDD

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	FDD

	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	FDD

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	FDD

	29
	N/A
	717 MHz
	–
	728 MHz
	FDD2

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	FDD

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	FDD

	32
	
	N/A
	
	1452 MHz
	–
	1496 MHz
	FDD2

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz
	–
	2025 MHz
	TDD

	35
	1850 MHz
	–
	1910 MHz
	1850 MHz
	–
	1910 MHz
	TDD

	36
	1930 MHz
	–
	1990 MHz
	1930 MHz
	–
	1990 MHz
	TDD

	37
	1910 MHz
	–
	1930 MHz
	1910 MHz
	–
	1930 MHz
	TDD

	38
	2570 MHz
	–
	2620 MHz
	2570 MHz
	–
	2620 MHz
	TDD

	39
	1880 MHz
	–
	1920 MHz
	1880 MHz
	–
	1920 MHz
	TDD

	40
	2300 MHz
	–
	2400 MHz
	2300 MHz
	–
	2400 MHz
	TDD

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

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

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	45
	1447 MHz
	–
	1467 MHz
	1447 MHz
	–
	1467 MHz
	TDD

	46
	5150 MHz
	–
	5925 MHz
	5150 MHz
	–
	5925 MHz
	TDD8,9

	47
	5855 MHz
	–
	5925 MHz
	5855 MHz
	–
	5925 MHz
	TDD

	48
	3550 MHz
	–
	3700 MHz
	3550 MHz
	–
	3700 MHz
	TDD

	…
	
	
	
	
	
	
	

	64
	Reserved
	

	65
	1920 MHz
	–
	2010 MHz 
	2110 MHz
	–
	2200 MHz
	FDD

	66
	1710 MHz
	–
	1780 MHz 
	2110 MHz
	–
	2200 MHz
	FDD4

	67
	
	N/A
	
	738 MHz
	–
	758 MHz
	FDD2

	68
	698 MHz
	–
	728 MHz 
	753 MHz
	–
	783 MHz 
	FDD

	69
	N/A
	2570 MHz  
	–
	2620 MHz
	FDD2

	70
	1695 MHz
	–
	1710 MHz 
	1995 MHz
	–
	2020 MHz
	FDD10

	NOTE 1:
Band 6, 23 is not applicable

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.

NOTE 3:  A UE that complies with the E-UTRA Band 65 minimum requirements in this specification shall also comply with the E-UTRA Band 1 minimum requirements.
NOTE 4:
The range 2180-2200 MHz of the DL operating band  is restricted to E-UTRA operation when carrier aggregation is configured.

NOTE 5:
A UE that supports E-UTRA Band 66 shall receive in the entire DL operating band

NOTE 6:
A UE that supports E-UTRA Band 66 and CA operation in any CA band shall also comply with the minimum requirements specified for the DL CA configurations CA_66B, CA_66C and CA_66A-66A. 

NOTE 7:
A UE that complies with the E-UTRA Band 66 minimum requirements in this specification shall also comply with the E-UTRA Band 4 minimum requirements.

NOTE 8:
This band is an unlicensed band restricted to licensed-assisted operation using Frame Structure Type 3  
NOTE 9:
In this version of the specification, restricted to E-UTRA DL operation when carrier aggregation is configured. 

NOTE 10:
The range 2010-2020 MHz of the DL operating band is restricted to E-UTRA operation when carrier aggregation is configured and TX-RX separation is 300 MHz The range 2005-2020 MHz of the DL operating band is restricted to E-UTRA operation when carrier aggregation is configured and TX-RX separation is 295 MHz.


2.3 Proposals
In our understanding, most companies are interested in 4Rx for NR UE, since 4Rx can bring in the significant gain compared to 2Rx. And we think that to promote NR over LTE is the common interest of the whole industry. To meet that goal, promoting 4Rx could be an efficient way, because LTE uses 2Rx as a baseline.
According to above analysis, we propose to use 4Rx as the baseline to specify NR UE receiver RF requirement, RRM requirements and UE demodulation performance requirements for NR bands higher than 1.7GHz, and to make support of 4Rx for bands higher than 1.7GHz mandatory.
The reasons to mandate 4Rx include:

· Promote NR performance compared to LTE technique on the sub-6GHz: Utilization of 4Rx is efficient and stable way to improve the spectrum efficiency. Without mandating UE the improvement from system perspectives could not be guaranteed.
· Improve the coverage and cell edge throughput: For NR deployment, most likely the operators could use multiple spectrum from the beginning and the uplink coverage could be guaranteed by using low frequency, e.g., NR inter-band CA Pcell on low frequency band. On the relative higher frequency band, the downlink coverage could become bottleneck and 4Rx can improve the downlink coverage and reduce the deployment cost.
· Simplify the BS scheduler when there is no mixed 2Rx and 4Rx scenario.

And we know that for mmWave the different UE architecture will be used. So the proposal is only for sub-6GHz bands. Because this contribution is on RRM and performance part, we rephrase the proposal as following:
· Proposal: Use 4Rx as the baseline to specify NR UE RRM requirements and UE demodulation performance requirements and make them mandatory for sub-6GHz NR bands higher than 1.7GHz
Since for the bands lower than 1.7GHz, the 2Rx requirements are needed anyway and both RRM and demodulation performance requirements are band-agnostic. So in principle, we propose to define the same set of requirements that could be applied to both 2Rx and 4Rx or to define two sets of requirements separately for 2Rx and 4Rx.
3 Conclusion

In this contribution, we further discuss the support of 4Rx for specifying RRM and demodulation performance requirements. We have the following observations and proposal:
· Observation 1: Utilization of 4Rx can significantly improve the downlink performance in terms of both system level performance and link level performance for both cell center and cell edge UEs.
· Observation 2: NR UR can support 4Rx on the bands higher than 1.7GHz.
· Proposal: Use 4Rx as the baseline to specify NR UE RRM requirements and UE demodulation performance requirements and make them mandatory for sub-6GHz NR bands higher than 1.7GHz
Since for the bands lower than 1.7GHz, the 2Rx requirements are needed anyway and both RRM and demodulation performance requirements are band-agnostic. So in principle, we propose to define the same set of requirements that could be applied to both 2Rx and 4Rx or to define two sets of requirements separately for 2Rx and 4Rx.
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5 Annex I: Re-presentation of performance evaluation of 4Rx
According to the study, the performance gain of 4Rx compared to 2Rx is significant. In Figure A-1, we provide the link level performance comparison. It can be observed about 5dB gain of 4Rx compared to 2Rx in the fading channels as shown in Figure A-1 [2]. Not only the SNR combination gain but also the receiver diversity contributes the gain. 
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Figure A-1: 4Rx performance gain compared to 2Rx
To support 256QAM, the operating SNRs with 2Rx (2x2) are around 24~25dB as shown in 8.2 and 8.3 of TS36.101, while the required SNRs with 4Rx are around 17~18dB. And as shown in [3] where the 256QAM performances with 4Rx were compared with 2Rx under the same conditions, around 4dB gain was observed across all the test cases and the operating SNRs for 256QAM were below 17dB. So by using 4Rx the 256QAM operating SNR will be lowered to a reasonable level and thus 256QAM could be the more widely used.

In Figure A-2, we provide the system level simulation results to compare the cell average throughput and the cell edge throughput between 4Rx and 2Rx under the different transmit antenna numbers. The system simulation assumptions are provided in the Annex. It can be observed that the cell average and cell edge throughput can be improved by 40%~60%. So the utilization of 4Rx means not only higher throughput (by supporting higher rank) but also the good coverage.
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Figure A-2: 4Rx system level performance compared to 2Rx

6 Annex II: System level simulation assumptions
In this section, we provide the simulation assumptions for system level simulation. The assumptions are provided in Table A-1.

Table A-1 System level simulation parameters
	Parameter
	Assumption

	Cellular Layout
	19 sites, 3 sectors per site

	Simulation scenarios
	3GPP Case1 

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	Antenna configuration
	2×2, 4×2, 8×2, 4×4, 8×4, cross-polarization
BS: 0.5 Lambda  MS: 0.5 Lambda

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel  estimation
	Real channel estimation

	MU-MIMO
	Maximum paired MU-MIMO user number is 4, and one layer per user

	HARQ
	Maximum 4 transmission

	Receiver algorithm
	MMSE-IRC








