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1    Background 
It has been decided to apply simultaneous two-port testing for all receiver requirements except receiver spurious emission, the key driver being the excessive test time for blocker tests. However, the receiver branches may not be properly tested then. In this contribution we propose to revert to per-port testing to make sure both (all) receive branches meet the blocker requirements, and for consistency all tests could be made per port despite the test time. The latter could be reduced by selecting a subset of the bandwidths for testing.
Desensitization is then characterized per port (the transmit branch sets the limit), but could be complemented by a two-port conductive test for maximum sensitivity reduction. Moreover, OTA tests to check the diversity gains and receive branch coupling could also be devised.
2    One- or two-port for blocker tests?
Simultaneous two-port testing has been adopted for the blocker tests in order to reduce test time. For the tests with a fixed blocker level the desired signal is relaxed 3 dB with respect to the REFSENS level so that the two-port test does not imply more stringent requirements than per-port testing [1]. However, if one of the ports has significantly lower blocker performance and linearity this could be turned off (e.g. nulled in the combining) which means that the blocker test would still pass if the other port passes in a per-port test. What is the impact of this in practice?
1. For receive diversity at the cell border at low wanted signal levels a blocked second receiver (same blocker level present at both antennas but not necessarily fully correlated) will degrade the diversity gain that is particularly needed at the cell edge

2. For MIMO SCW (beamforming) there are gains at low SNR and hence at lower wanted signal levels, so in this case a blocked branch would degrade the performance
3. For MIMO MCW the SNR and hence the wanted signal levels are generally higher, a poorer blocking performance on the one of the branches branch may then have more limited impact
While the per-port blocker performance is difficult to verify using two-port simultaneous testing, the current REFSENS levels are backed off by 3 dB with regard to the per-port case (perfect MRC, combining losses built into the implementation margin). This means that it is difficult to pass the test in case one of the receiver branches has very poor conductive performance. 

· To make sure that the RF performance in the two receiver branches is balanced it is easiest to verify these per port but at the expense of test time. 
The blocker tests are conductive and performed with the UE TX signal 4 dB below the maximum output power. This implies that the TX signal is further attenuated at the second RX-only port (if not uplink MIMO) regardless of the test mode so there is still a degree of asymmetry. It should also be noted that the filter in the RX-only branch could have looser requirements in order to e.g. save power (see Figure 1). However, even if two-port testing is applied, the signal is often applied directly at the antenna connector (and the antenna bypassed and not connected which would give mismatch) so the coupling between the receiver branches, and the ingress of TX power into the RX-only branch, would be small. Hence this is not an argument in itself for two-port conductive testing. 

To test the performance with coupling between the ports under more realistic conditions, an OTA test could be devised as a complement to the conductive tests. This would also include antenna efficiencies and give a better indication of the diversity gain.

[image: image1]
Figure 1 Front end of a diversity receiver (not to detail)

3    Desense

If the blocker tests are made using per-port testing, using the same methodology for the REFSENS test does not increase testing complexity significantly (blocker tests are by far the worst) and would truly verify each port. 
3.1 Method
Next we revisit the desensitization using the TX/RX port only or both ports (see previous results in [2]). For the TX/RX branch the reduction of sensitivity is (see Figure 1 for explanation of the symbols)

(3.1)
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with  a margin for the TX noise that is already implicit in the REFSENS values. This formula can be used for the Point B method too for one decrease the output power until MSR = 1. 

For two-port testing the degradation of actual SNR assuming a given wanted signal and the same minimum performance per branch

(3.2)
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Some aspects on this formula next: in conductive tests (with the antennas disabled) the coupling between the branches Lcpl is normally high, but for calculating the MSR the value should not be too excessive too account for the TX blocker could be limiting for the RX-only branch. A value of 10 dB is assumed in [2]. 
Another aspect on (3.2) is imperfect MRC combining for it is assumed implicitly that the MRC is perfect and the SNR can be added. The relation is a relation of the sum of SNRs with full RB allocation and that required for the REFSENS value. The imperfection could be modeled by assuming that the SNR (ideal) per branches are weighted by a constants 
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where the primed SNRs are relevant for the full RB allocation (causing desense). 
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could for example be set to -1 dB so that the combining for the REFSENS results in a 2 dB gain instead of a perfect 3 dB. The imperfect combining could be accounted for in the factor  in (3.2).
Now, if per-port testing is used the desense will be determined by the TX/RX port as governed by (3.1).  Then one could still consider including a separate two-port test based on (3.2) to check the combined filter performance and on-board cross-talk without antennas included. This would also give an indication of the desense in practice, although an OTA is needed to give a more complete picture.  
3.2  MSR or Point B?

It has been decided to specify the desense in terms of an allowed reduction of TX output power for full RB allocation (Point B) rather than the desense at full TX power (MSR). This does however not consider the practical testing and the accuracy of the TX power at different levels. Normally the TX power is calibrated at full power to e.g. satisfy SAR requirements and the tolerance at maximum power. At lower levels the accuracy is often poorer depending on the implementation. Hence reverting to MSR would most likely give more accurate testing results, and also make testing easier (output power just set a maximum). Moreover, MSR would give operators an idea of the expected desensitization at full power. 
3.3  MSR results for Bands 8, 11, 12 and 13

To give examples of MSR we use the ACLR values in Table 1, which are measured in a receive bandwidth equal to the RB allocation (maximum per channel bandwidth), see also [2].
Table 1 ACLR for different bands

	
	25 RB
	50 RB
	75 RB
	100 RB

	Band 8
	
	68.7 dB
	
	

	Band 11
	
	69.9 dB
	61.2 dB
	51.4 dB

	Band 12
	75.4 dB
	
	
	

	Band 13
	70.0 dB
	
	
	


The duplexer loss is set to 45 dB, and the insertion losses 3 dB on both the transmitter and receiver filter. The output power is fixed at 25 dB (22 dBm after the transmit filter accounting for a 1 dB MPR). The results are shown in Table 2 for the TX/RX-branch and two-ports according to (3.1) and (3.2), respectively (diversity the lower number). Here we have assumed a tighter  = 0.1 dB.
Table 2: Maximum Sensitivity Reduction

	Channel bandwidth

	

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	
	
	
	
	FDD

	2
	
	
	
	
	
	
	FDD

	3
	
	
	
	
	
	
	FDD

	4
	
	
	
	
	
	
	FDD

	5
	
	
	
	
	
	
	FDD

	6
	
	
	
	
	
	
	FDD

	7
	
	
	
	
	
	
	FDD

	8
	
	
	0
	7.1/3.4
	
	
	FDD

	9
	
	
	
	
	
	
	FDD

	10
	
	
	
	
	
	
	FDD

	11
	
	
	0
	7.0/2.9
	13.1/7.0
	21.5/14.3
	FDD

	12
	
	0
	2.7/1.3
	
	
	
	FDD

	13
	
	0
	
	15.0/5.6
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	Note 1:
The transmitter shall be set to maximum output power level with MPR applied 



4    Proposal
It is proposed that

· in order to ensure all receiver branches meet the blocker requirements we revert to per-port testing for the blocker tests (unused ports terminated)
· the sensitivity test be made per port since limited increase of testing complexity

· desensitization be set by the TX/RX port
· MSR is used since easier to test and more accurate

To limit the test time for blockers the number of bandwidths tested could be reduced (in the RAN5 specifications). Furthermore, the per-port test could be complemented by a two-port desensitization test that accounts for both ports.
An OTA test could be devised to characterize a more realistic diversity gain and desensitization (antenna coupling between branches).

If two-port tests are adopted nevertheless it is proposed that

· the desensitization accounts for both ports according to (3.2)
References

1.
R4-080946, “TP TS 36.101: REFSENS, blocking and FRC for Clause 7”, Ericsson
2.
R4-081148, “REFSENS and allowed MSR”, Ericsson
















































LNA





Lrx





PA





Pout





atx-rx





LNA





Lcpl








_1271542411.unknown

_1274472859.unknown

_1274734572.unknown

_1274472812.unknown

_1271274570.unknown

