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1 Background
In this follow-up to [1], we propose RF receiver core requirements for 4RX AP for the clauses 7.4-7.8 of 36.101. This time we use data from a UTRA/E-UTRA reference design for demonstrating that the margins for selectivity, blocking and intermodulation tests for the 2RX AP requirements are typically large, which suggests that the test parameters for 2RX can be reused for 4RX with degradations absorbed by the margins. This would give sufficient confidence that performance will be adequate in 2RX fallback and 2RX conformance tests avoided in operating bands supporting 4RX. 
2 Reducing conformance testing for 2RX fallback
Avoiding testing of the 2RX fallback mode(s) for conformance would reduce the test time significantly. In order to give confidence that performance would still be adequate in fallback operation we propose to maintain the test parameters of the 2RX requirements, which means that the 4RX requirements would be tighter for some of the requirements – but not all. The tighter requirements for 4RX AP could be justified by the margins inherent in the 2RX AP requirements.
The most time-consuming test is the verification of the out-of-band blocking performance – by far. Consider this test case for a band for which the REFSENS is improved by 2.5 dB for 4RX compared to the 2RX fallback operation, see [2]. The idea is to keep the test parameters for the existing 2RX test case unchanged also for the 4RX case; the test parameters are detailed in Table 1 and Table 2 (excerpts from 36.101): 
Table 1 (Table 7.6.2.1-1 in 36.101): Out-of-band blocking parameters

	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

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.


Table 2 (Table 7.6.2.1-2 in 36.101): Out of band blocking

	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, […]
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 

NOTE 2:
The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.


Keeping the 2RX test parameters for 4RX means that

1. the absolute power of the wanted signal is 2.5 dB lower than for the 2RX fallback since the power offset (the “channel bandwidth specific value”) from REFSENS is unchanged;
2. the interfering blocking signals have the same power as in the 2RX fallback case.

The effect of a blocker interferer is a noise rise at each antenna port due to a gain adjustment; the same noise rise on each port if these are identical. Unless there is a spurious response, this noise is uncorrelated. Now, the 2.5 dB wanted signal power difference corresponds to the MRC gain between 2 and 4 ports in the presence of uncorrelated noise. Hence we are asking that the blocking performance with 4 ports with a 2.5 dB lower wanted signal on each port be identical to that for the fallback mode. Conversely, if the UE passes the 4-port test, it is likely that the UE would pass the fallback test with 2.5 dB higher wanted-signal power on each of the 2 ports in case the noise-performance of all ports is similar. Therefore, it is possible to avoid testing the fallback mode for conformance if the test parameters are the same for 2 and 4 ports.
Remark that use of the same test parameters for 2RX and 4RX AP does not imply a tighter out-of-band blocking requirement for 4RX unless there is a spurious response if the ports are identical. If a response is generated by harmonic mixing, then the noise is correlated and there is no MRC gain between 2 and 4 ports to compensate for the wanted-signal power difference. Then the requirement for 4RX is tighter than the corresponding 2RX for the spurious response frequencies. However, the margin between the actual and minimum performance for 2RX requirements are usually large so there is headroom available.
3 Exploiting existing margins for the 2RX AP case

For the test cases for which the test parameters for 2RX implies a tighter requirement for 4RX, we exploit some of the margin to the 3GPP requirements that is inherent in current 2RX designs under the assumption that the noise performance is similar for the antenna ports. This assumption would be relevant for support of MIMO, although it is recognized that the branches would have slightly different RF characteristics in practice; filter requirements would be more stringent for the TX/RX branch for example. Incidentally, the assumption of similar characteristics of the RX branches was also made for the specification of the receiver requirements in Rel-8. 

Next we show measurement from a reference design supporting UTRA and E-UTRA with low-high band CA combinations and equipped with an antenna diplexer. Table 1 shows the results for UTRA for which the “channel bandwidth specific value” for the wanted signal in the blocking test is 3 dB lower than that for E-UTRA, hence a tighter requirement for UTRA in case there is no spurious response in which the inter-modulation or mixing products are correlated. The margins shown in Table 1 are the minimum margins compared to the 3GPP requirements for nominal and the high temperature. We observe that for the selectivity and blocking requirements the margins are large for except for the spurious response frequencies for IM generated by the own TX and LO harmonics. However, these are measured results against a -15 dBm blocker level; hence the -44 dBm exception allowed is not used.  
Table 1: performance for a UTRA reference design
	Description
	3GPP requirement
	Band I
	Band II
	Band IV
	Band V
	Band VIII

	
	Min
	Max
	Unit
	-10
	25
	+55
	-10
	25
	+55
	-10
	25
	+55
	-10
	25
	+55
	-10
	25
	+55

	REFSENS
	
	-106.7
	
	4.1
	3.6
	2.8
	5.6
	4.4
	4.1
	4.6
	4.0
	3.3
	4.8
	2.4
	2.1
	5.0
	2.3
	2.7

	Maximum input level
	-25
	
	
	
	>15
	>15
	
	>15
	>15
	
	>15
	
	
	>15
	>15
	
	>15
	>15

	ACS Case 1
	-52
	
	
	
	>25
	>25
	
	>25
	>25
	
	>25
	>25
	
	>25
	>25
	
	>25
	>25

	ACS Case2
	-25
	
	
	
	>10
	>10
	
	>10
	>10
	
	>10
	>10
	
	>10
	>10
	
	>10
	>10

	In-band blocking (10 MHz offset)
	-56
	
	
	
	>25
	>25
	
	>20
	>30
	
	>30
	>30
	
	>20
	>30
	
	>30
	>30

	In-band blocking (15 MHz offset)
	-44
	
	
	
	>15
	>15
	
	>20
	>20
	
	>20
	>20
	
	>20
	>20
	
	>25
	>25

	Out-of-band blocking
	-15/-30/-44
	
	
	
	>25
	
	
	>25
	
	
	>25
	
	
	>20
	
	
	>30
	

	NB blocking
	
	
	
	
	
	
	
	>15
	>15
	
	>15
	>15
	
	>15
	>15
	
	>20
	>20

	Spurious response
	-15
	
	
	
	-6
	
	
	>2
	
	
	>4
	
	
	>15
	
	
	>15
	

	Intermodulation characteristics
	-46
	
	
	
	>10
	>10
	
	>15
	>15
	
	>10
	>10
	
	>15
	>15
	
	>15
	>15

	NB intermodulation characteristics
	-43
	
	
	
	
	
	
	>15
	>15
	
	>10
	>10
	
	>15
	>15
	
	>15
	>15

	Spurious emission
	
	
	
	
	>15
	>15
	
	>15
	>15
	
	>15
	>15
	
	>20
	>20
	
	>10
	>10


The results for E-UTRA are similar, but the margins are only shown up to 10 dB (the margin search by the test system was limited to up to 10 dB above the 3GPP requirement). Bands 1, 2, 3, 4, 5, 8, 13 and 17 were measured. 
4 Maximum input level

The maximum input level is defined as the maximum mean power received at the UE antenna port. The 2RX AP requirement could be maintained for all ports of a 4RX UE. For the 2RX reference design described above, the margins are > 15 dB for UTRA and > 10 dB for E-UTRA for the FDD bands measured (the latter not measured beyond 10 dB). For TDD bands we propose the same requirement.
5 Selectivity and blocking

For selectivity and blocking, the 2RX test parameters can be maintained for 4RX given the large margins available and the fact that the noise induced by the blocker interferers at the ports is uncorrelated. 
5.1 ACS

The ACS is a relative measure per antenna port: both the wanted signal and interferer power levels are set relative to REFSENS (also per port). In order to guarantee the same performance when 4RX ports are activated, the same wanted- and interferer offset as for 2RX should be used. This would verify the performance of all RX branches, but still allow cost savings on some of the RX branches since the margins are large and the ACS measurement is not performed per port. 
In the 36.101, the table for the ACS requirements for non-CA operation would be amended with a note such that the REFSENS level is referred to the requirement for 2RX and 4RX AP (Table 7.3.1-1a above) for the respective mode of operation.
Table 7.5.1-2: Test parameters for Adjacent channel selectivity, Case 1

	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 + 14 dB

	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FInterferer (offset)
	MHz
	1.4+0.0025

/

-1.4-0.0025
	3+0.0075

/

-3-0.0075
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	10+0.0125

/

-10-0.0125
	12.5+0.0025

/

-12.5-0.0025

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
NOTE 3:
The REFSENS power level is specified in Table 7.3.1-1 and Table 7.3.1-1a for UE(s) equipped with two and four antenna ports, respectively.


For the 2RX reference design described in Section 4, the margins are > 10 dB for both UTRA and E-UTRA for Case 1 and Case 2 for all bands measured. It should be possible to achieve similar margins for a 4RX design reusing the test parameters for 2RX. 
5.2 In-band blocking

The blocking requirements are verified with a fixed blocker level and a wanted signal level at an offset from the REFSENS level. The interferer signal is the same at all antenna ports and obviously correlated. It is therefore tempting to increase the offset since the absolute level of the wanted signal level will decrease by 3 dB for most bands. This was done for the Rel-8 specification of E-UTRA going from a single antenna port for UTRA to that of diversity antennas for E-UTRA, arguably mistakenly. However, the effect of the interferer in the assigned channel is an increase of the noise level at each port; this noise is uncorrelated so there is diversity gain as explained in Section 4. 
For in-band blocking, just as for other blocking cases if no spurious response, it can be observed that
· the presence of the blocker interferer causes decreased RX system gain for the wanted signal (all blocker frequency offsets)

· the decreased LNA gain increases the equivalent noise level at the ANT port

· the NF increases but the noise is still uncorrelated.
Now, if we assume the same noise performance per port for 4RX AP, then

· the effect on NF of each port is the same as for 2RX given that the blocker interferer power level is the same
· the absolute wanted signal level is ”3” dB lower (REFSENS gain) but this is compensated by a ”3” dB diversity gain since the noise induced by the blocker uncorrelated
One potential issue for in-band blocking is that exceptions for spurious responses are not allowed. The half-duplex blocker will fall in-band up to a -44 dBm level in the test case. However, for the 2RX reference design described in Section 4, the margins are > 15 dB for UTRA and > 10 dB for E-UTRA for the FDD bands measured (the latter not measured beyond 10 dB), which also include interferer frequencies at half-duplex distance e.g. for Band 5/V. One reason is that that impact of the IM products caused by the own transmitter is much smaller for the diversity branch due to the antenna port isolation in a conductive test (10 dB assumed for the requirements). For TDD bands the half-duplex blocker is not a problem.

In view of the above it is motivated to keep the 2RX test parameters for 4RX. For 36.101 the only change would then be the addition of a note in the table of in-band blocking parameters similar to that for ACS above.
5.3 Out-of-band blocking

For out-of-band blocking we can make the same observations as for in-band blocking, and it is sufficient to add a note in the in the table of out-of-band blocking parameters similar to that for ACS above. For the 2RX reference design described in Section 4, the margins at the ambient temperature are > 20 dB for UTRA and > 10 dB for E-UTRA for the FDD bands measured (the latter not measured beyond 10 dB). 
5.4 Exceptions for spurious response

The noise can be correlated when a spurious response occurs. Spurious responses typically occurs due to 
· harmonic mixing: the same blocking signal down-converted to the assigned RX channel at both ports independent of the own TX; 
· inter-modulation between the blocker and own TX signal: the products fall in the assigned RX channel.

The noise due to harmonic mixing is correlated (the blocker down-converted) and exceptions are sometimes used. For responses due to inter-modulation the TX/RX port is more affected than the diversity ports (RX only) for which the IM products are lower since own TX is coupled from the TX port. Hence the desensitization is lower at the diversity ports.
For responses generated by harmonic mixing, a 3 dB relaxation of the wanted-signal offset compared to the 2RX case could be motivated due to the correlated noise. Alternatively, the blocker level could be decreased when a spurious response occurs and an exception is used. However, for the UTRA 2RX reference design discussed in Section 4 (see Table 1) the margins are still 2-4 dB and more with a -15 dBm interferer, except for Band I. Remark that a -44 dBm interferer is allowed at these spurious response frequencies (exception) but not used. For 4RX, it is therefore proposed to keep the test parameters as specified for 2RX. The number of allowed exceptions should be the same for 2RX and 4RX. 
5.5 Narrowband blocking

The narrow-band blocking case is similar to that of in-band blocking; a note can be added in the table of narrowband blocking parameters similar to that for ACS above. We observe that for the 2RX reference design described in Section 4, the margins are > 15 dB for UTRA and > 10 dB for E-UTRA for the FDD bands measured. 
6 Wideband intermodulation

The wideband intermodulation test case is more obvious in terms of correlation. Identical wide-band and CW interferers are then present at all ports, and the noise generated by the IM products at the ports is clearly correlated. The effect of cross-modulation is much smaller at the diversity ports since the own TX is coupled from the TX/RX branch.
The correlated IM products would motivate an increase of the wanted signal level by 3 dB maintaining the same degree of performance as in the 2RX case. However, for the 2RX reference design described in Section 4, the margins are > 15 dB for UTRA and > 10 dB for E-UTRA for the FDD bands measured. For 4RX, it is therefore proposed to keep the test parameters as specified for 2RX.
7 Applicability of requirements

The requirements for 4RX AP should be additional to those applicable for 2RX AP, which means that UE(s) equipped with 4RX AP must meet the core requirements for 2RX AP in addition. However, the conformance test coverage of the fallback modes can be reduced significantly if not avoided for operating bands that support 4RX as discussed above.
The applicability of the tests would be stated as follows in 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. Additional requirements apply for UE(s) equipped with 4 ports. UE(s) equipped with four Rx ports shall also meet the requirements for two Rx ports. 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.
For the conformance tests, applicability rules for RF are proposed in [3] according to which the vendor declares the bands in which 4RX operation are supported and should be verified. Applicability rules for conformance testing of core requirements in Clause 7 could possibly be introduced in 36.101 similar to the rules introduced for performance requirements in Clauses 8 and 9.
8 Proposal
We propose that the test parameters for 4RX AP be the same as those for 2RX AP. In particular, this means that
1. the power offsets for the wanted signal power level (the “channel bandwidth specific value”) are the same for 2RX and 4RX for corresponding bandwidths;
2. the blocker interferer frequencies and power levels are the same for 2RX and 4RX AP.

The margins for the selectivity, blocking and intermodulation tests are typically large. Avoiding undue relaxations for 4RX AP, it would be possible to reduce the number of 2RX conformance tests and still maintain confidence that the performance is adequate in 2RX fallback operation. For conformance, the UE RF requirements would then be verified with 2RX and 4RX ports in operating bands in which 2RX and 4RX is supported by the said UE, respectively. However, the core requirements shall also apply for 2RX in operating bands for which 4RX operation is supported by the UE.

A draft CR is supplied in [4].
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