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1 Introduction

A new WI “LTE DL 4 Rx antenna ports” was approved for Rel-13 in RAN#67. In the RF core part, the objectives of this WI include:
· 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.
In this contribution, we discussed DL 4Rx RF requirements for single carrier operation.
2 Discussion
MRC Gain

In last RAN4 meeting, several companies proposed to tighter RF receiver requirements i.e. REFSENS, ACS, maximum input levels and blocking requirements 3dB compared existing 2 Rx receiver requirements considering 3dB diversity gain. 
With increased receiver braches, the receiver characteristic itself has no change, and sometimes even worse than 2 Rx receiver case considering implementation cost, form factors due to adding new receiver branch. However, all the receiver characteristics were verified based on relative throughput ratio under specific FRC channel. With such test metric, upper to 3dB receiver diversity gain can be achieved from base-band processing to combine received signals.

However, receiver diversity gain from based-band processing is conditional based on the correlation property of input wanted signals, noise floor and interference signals between each receiver antennas ports. The equation below presents achieved effective SNR after combined received signals from antenna ports using MRC criterion:
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 represent received wanted signal, interference signal and noise floor at each receiver antenna port.  Assuming received power of wanted signal, interference signal and noise floor at each receiver antenna port are equal as
[image: image5.wmf]S

P

,
[image: image6.wmf]I

P

,
[image: image7.wmf]2

s

.
If no interference configured i.e. for REFSENS test, assuming noise floor is uncorrelated as AWGN and wanted signals are identical between receiver antenna ports, then we have 
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Based equation (2), without interference, 4Rx case can achieve upper to 3dB MRC gain compared to 2Rx case in theory.
If interference has dominate effect at receiver side i.e. interference power levels much higher than noise floor, then we have:
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For receiver RF requirements i.e. ACS, blocking, the interference signal at each antenna port is identical which means the correlation coefficient between interference signals 
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We can observe that with identical interference signals in each receive antenna ports, there is no receiver diversity gain either 4Rx or 2 Rx compared to single antenna case.

Based on above observations, we summarized:

Observation: Receiver diversity gain is strongly depending on the correlation property of input wanted signals, noise floor and interference signals between each receiver antennas ports. For requirements with interference configuration i.e. ACS, blocking, there is no diversity gain with 4Rx compared to 2Rx.
In below sections, we analyzed receiver RF requirements case by case. 

REFSENS 

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel. The purpose of this test is to verify the receiver noise floor and noise figure (9dB). The power levels can be derived based on below equation:

PREFSENS=SNR +Nt=SNR +10*log10 (kTB)+NF(9dB)
As shown in figure 1 below, in Rel-8 with 2 receiver antennas, required SNR with implementation margin was fixed as -1.5dB. For 5MHz case, PREFSENS = -1.5dB+-174dBmW/kHz+10*log10 (25RB*180kHz/RB) +9dB = -100dBmW. 
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Figure1: REFSENS diagram

For 4 receiver antenna cases, as analyzed in above section, noise floor and noise figure has no change, and even worse than 2 Rx receiver case considering implementation cost, form factors due to adding diversity receiver branch. The operating SNR has improved upper to 3dB considering noise floor totally uncorrelated between receiver braches. For comprise, we propose:
Propsoal1: Generally, REFSENS requirements can be improved 2.5dB for 4Rx single carrier case if no specific issues identified for specific band.
Maximum Input level

The purpose of maximum input level was to validate receiver input power dynamic range. In existing requirements, -25dBm was specified at each receiver antenna port. This value was derived from MCL between BS and UE antenna. Considering with 4Rx, receiver linearity range has no change; existing requirement should be maintain for 4Rx:

 Proposal2: existing Maximum input level requirement:-25dBm per receiver antenna basis can be reused for 4Rx case.
ACS
ACS is a measure of the receiver ability to receive a wanted signal at assigned channel frequency in the presence of an adjacent channel signal with given frequency offset. Both of the target signal and interference power levels were specified as an offset value referred to REFSENS. Power imbalance between wanted signal and interference signal can be derived as shown below:
Power imbalance = SNR –ACS

As show figure2, for existing 2Rx requirements i.e. 5MHz, power imbalance = 14dB-45.5dB = -31.5dB = SNR-33dB (ACS). Then we can derive operating SNR is equal to 1.5dB which has 3dB degradation compared to REFSENS requirements. It’s in line with our previous analysis as for ACS test; interference signal is identical at each antenna port there is receiver diversity gain compared to REFSENS test.
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Figure2: 2Rx 5MHz ACS diagram
Then similar for 4Rx case, both the operating SNR and ACS have no change compared to single receiver case, we can conclude:

Proposal3: existing ACS requirements can be reused for 4Rx cases i.e. maintain the same power imbalance between wanted signal and interference signal as 2 Rx case.
Blocking requirements
As discussed in [2], the blocking characteristic is a measure of the receiver’s ability to receive a wanted signal at its assigned channel frequency in the presence of unwanted interference on frequencies other than those of the spurious response or the adjacent channel.   
The motivation of blocking test is to verify receiver filter capability to restrain interference in different frequency ranges. Similar as ACS test, with 4Rx, blocking characteristic has no change and receiver filter attenuation ratios between assigned channel and out of channel frequencies should be maintain which means we need to maintain power imbalance between wanted signal and interference signals.
For blocking test, interference signal power levels are fixed values depending on different frequency offset range. On the other side, the power levels of wanted signals are specified referred to REFSNS with channel bandwidth specific values as show in table 1 below. As we discussed, for 4Rx, reference sensitivity levels will be lower down by 2.5dB~3dB, in order to maintain wanted signal power levels as 2Rx, we proposed to revise as table 2 for 4Rx blocking test. 
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represents bias between 4Rx REFSENS and 2Rx REFSENS. With such additional offset value, we can compensate power loss due to improved REFSENS requirements and maintain power level as 2Rx case.
Table 1 Out-of-band blocking parameters for 2Rx
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9


Table 2 Out-of-band blocking parameters for 4Rx
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below+
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	6
	6
	6
	6
	7
	9


Proposal4: for 4Rx blocking requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Spurious response
Spurious response is a relax test for which the out of blocking limit is not met. Similar as analysis for blocking test, we need to maintain wanted power levels as 2Rx case.
Proposal5: for 4Rx spurious response requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Intermodulation characteristics
Third and higher order mixing of two interference RF signals can produce an interference signal in the band of desired channel. Intermodulation response rejection is a measure of the capability of a wanted signal on its assigned channel in the presence of two or more interfering signals which has a specific frequency relationship to the wanted signal. Similar as analysis for blocking characteristics, with 4Rx, UE intermodulation response rejection capability has no change i.e. meet -20dBm IIP3.
Proposal6: for 4Rx intermodulation requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Spurious emission
The spurious emission power is the power of emission generated or amplified in a receive that appear at the UE antenna connector. The emission power limit was derived based on co-existence study and specified based on per antenna port basis.
Proposal7: for 4Rx spurious requirements: maintain the same requirement as 2Rx case.
3 Conclusion
In this contribution, we generally analyzed DL 4Rx RF requirements. Firstly, MRC gain with 4Rx was analyzed in theory and such observations were observed:
Observation: Receiver diversity gain is strongly depending on the correlation property of input wanted signals, noise floor and interference signals between each receiver antennas ports. For requirements with interference configuration i.e. ACS, blocking, there is no diversity gain with 4Rx compared to 2Rx.

Then, we analyzed 4Rx RF requirements case by case, and such proposals were given:
Propsoal1: generally, REFSNS requirements can be improved 2.5dB for 4Rx single carrier case if no specific issues identified for specific band.

Proposal2: existing Maximum input level requirement:-25dBm per receiver antenna basis can be reused for 4Rx case.
Proposal3: existing ACS requirements can be reused for 4Rx cases i.e. maintain the same power imbalance between wanted signal and interference signal as 2 Rx case.
Proposal4: for 4Rx blocking requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Proposal5: for 4Rx spurious response requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Proposal6: for 4Rx intermodulation requirements: maintain the same power levels for wanted signal and interference signal as 2 Rx case.
Proposal7: for 4Rx spurious requirements: maintain the same requirement as 2Rx case.
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