Page 1

3GPP TSG-RAN4 #94-e	R4-2000444
Online, 24th Feb – 6th Mar 2020
Title:	Consideration on two-DL spherical coverage test with power imbalance
Source:			Anritsu Corporation
Agenda Item:			8.14.1.7
Document for:			Approval

1.	Introduction
In this contribution we introduce our views on a meaning of defining a different PSD condition (power imbalance) with DL signals during the inter-band DL CA spherical coverage measurements. Also we introduce our rough estimation on the capability of two DL signal transmission from a test system with a different PSD condition among two bands. 
At RAN4 #93, a way forward document was approved [1] and one action item was tasked to TE vendors. The agreement in [1] is extracted for reference.
	Extract from [1]
WF on EIS spherical coverage
· Spherical coverage requirements for inter-band CA are tested from single AoA for Rel-16 if the following testability solution can be provided.
· Testability SI will study the TE capability of transmitting 28 GHz + 39 GHz, 28 GHz + 28 GHz, or 39 GHz + 39GHz from same direction simultaneously.
· PSD condition among bands. 
· PSD difference up to TBD dB between 28GHz and 39GHz shall be considered in the conformance test configuration and [equal] PSD among 28+28 and 39+39 band groups
· Confirm PSD condition for each scenario in RAN4#94.



2.	Discussion
2.1 Consideration on the meaning of defining power imbalance conditions during two-DL spherical coverage test
After a consideration of the meaning with this test condition based on the WF [1], we began to have a sceptical view against defining this power imbalance condition as spherical coverage test. We show our views from next.
 At first considering the phenomenon in the previously reported paper [5], we assume that 39 GHz band can be the objective to conduct the spherical coverage test, and the other 28 GHz be the band having higher PSD DL signals. Needless to say we cannot force the UE to pass the spherical coverage test at a lower DL power level than the minimum requirement of spherical coverage as single carrier test. In that sense, the test with 39 GHz band must be simply a normal spherical coverage test and the 28 GHz DL signals would act as a kind of blocker signals. Thus this test is rather a part of out-of-band blocking test than spherical coverage test, which is similar to the previously discussed topic by [6].
Observation 1: By having a power imbalance between 28 GHz and 39 GHz bands, two DL inter-band spherical coverage test becomes rather a part of out-of-band blocking test.
 In addition to this, since the frequency of the blocker signals (in this example 28 GHz band signals) is defined only at one frequency point, even if this test needs to be carried out as one of the spherical coverage test, we think a defined frequency of the blocker signal cannot always be the worst condition unless the blocker signals are swept throughout the whole corresponding band. So even as a kind of blocking test, this spherical coverage test cannot be said that the test condition is enough.
Observation 2: As far as a frequency of the higher PSD signal is defined only at one test point, its condition cannot always be the worst case as the spherical coverage test with a blocker. 
 And as we already discussed previously regarding the out-of-band blocking requirement for FR2, we came to the conclusion that the in-band blocking test is the worst case which also covers the out-of-band blocking test. Therefore we assume it is not needed to define a requirement which has the power imbalance between two DL signals.
Observation 3: Out-of-band blocking requirement for FR2 was extensively discussed and concluded that the in-band blocking requirement covers the OOB test.  
Proposal 1: There is no need to define the power imbalance condition with two DL signals for the inter-band spherical coverage test.

2.2 Consideration on the feasible power imbalance 
Though we have a sceptical view to define a power imbalance condition with this spherical coverage test, just for information we roughly tried to estimate a feasible power imbalance.
As we explained in other contributions [3][4] in detail, there are several possible test system configurations if we only focus on carrying out inter-band DL CA test cases. Some of the candidates are depicted from figure 2.2-1 to figure 2.2-3 below. However when we consider the impact of system change from a single carrier test configuration, there are at least additional 5 dB losses of signal power level from a test equipment if we choose a design which combines all the DL signals and blocker for the sake of transmitting all signals from a single angle of arrival (i.e. the system in figure 2.2-3). This means there is a significant impact to the existing single carrier test requirements and thus it is not practical for us to choose this type of test configuration. 
Observation 4: To avoid an unnecessary impact to the existing Rel-15 test requirements, it is reasonable to choose a test system configuration which incorporates independent offset antennas for the inter-band CA test cases.
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Figure 2.2-1: Rx spherical coverage test system for inter-band DL CA with independent antennas (1)
[image: Figure3]
Figure 2.2-1: Rx spherical coverage test system for inter-band DL CA with independent antennas (2)
[image: Figure6]
Figure 2.2-3: Rx spherical coverage test system for inter-band DL CA with one dual polarized antenna
 Taking into consideration of the observation 4 above, from here we calculate the achievable power imbalance assuming the test system with offset antennas is used. Suppose all the DL signals are transmitted independently, referring to the companion paper [4], a considerable decrease of the DL power from the offset antenna is approximately 2 dB at worst. Therefore the achievable power imbalance can be calculated from this decrease, the EIS spherical coverage and maximum input power test requirement which is relaxed due to the current high PSD testability issue in FR2. 
 Table 2.2-1 shows the achievable power imbalance assuming that the DL power of n260 (39 GHz) is smaller than that of n257 (28 GHz) from the previous simulation results [5]. Note that the multi-band relaxation is not applied to this calculation. For reference, test requirements of the EIS spherical coverage and maximum input level for power class 3 UE in TS 38.521-2 [7] are extracted in Appendix A at the end of this contribution.
Table 2.2-1: Achievable power imbalance (28 GHz max input – 39 GHz EIS spherical coverage)
	Channel Bandwidth [MHz]
	50
	100
	200
	400

	Maximum input level of n257/n258/n261 [dBm]
	-51
	-51
	-51
	-51

	EIS spherical coverage of n260 [dBm]
	-73.1
	-70.1
	-67.1
	-64.1

	Expected degrades due to offset antenna [dB]
	2
	2
	2
	2

	Achievable power imbalance [dB]
	20.1
	17.1
	14.1
	11.1


 With this rough calculation, achievable power imbalance between 28 GHz and 39 GHz is approximately 20 dB@50MHz channel bandwidth, 17 dB@100MHz, 14 dB@200MHz and 11 dB@400MHz. 
Observation 5: On condition that the test configuration is assuming multiple antennas for transmission of each band, achievable power imbalance is roughly 20 dB@50 MHz CBW, 17 dB@100 MHz, 14 dB@200 MHz and 11 dB@400 MHz in a case the spherical coverage test is carried out with n260 band. Note this estimation does not include multi-band relaxation. 


3. Conclusion
 In this contribution we introduced our views on a meaning of defining a different PSD condition (power imbalance) with DL signals during the inter-band DL CA spherical coverage measurements. Also we introduced our rough estimation on the capability of two DL signal transmission from a test system with a different PSD condition among two bands.
Observation 1: By having a power imbalance between 28 GHz and 39 GHz bands, two DL inter-band spherical coverage test becomes rather a part of out-of-band blocking test.
Observation 2: As far as a frequency of the higher PSD signal is defined only at one test point, its condition cannot always be the worst case as the spherical coverage test with a blocker. 
Observation 3: Out-of-band blocking requirement for FR2 was extensively discussed and concluded that the in-band blocking requirement covers the OOB test.  
Proposal 1: There is no need to define the power imbalance condition with two DL signals for the inter-band spherical coverage test.
Observation 4: To avoid an unnecessary impact to the existing Rel-15 test requirements, it is reasonable to choose a test system configuration which incorporates independent offset antennas for the inter-band CA test cases.
Observation 5: On condition that the test configuration is assuming multiple antennas for transmission of each band, achievable power imbalance is roughly 20 dB@50 MHz CBW, 17 dB@100 MHz, 14 dB@200 MHz and 11 dB@400 MHz in a case the spherical coverage test is carried out with n260 band. Note this estimation does not include multi-band relaxation.
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5. Appendix A
Table 7.3.4.3-3: EIS spherical coverage for power class 3
	Operating band
	EIS at 50th%ile CCDF (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4

	n258
	-77.4
	-74.4
	-71.4
	-68.4

	n260
	-73.1
	-70.1
	-67.1
	-64.1

	n261
	-77.4
	-74.4
	-71.4
	-68.4

	NOTE 1:	The transmitter shall be set to PUMAX as defined in subclause 6.2.4
NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.



Table 7.4.5-1: Maximum input level
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	50
MHz 
	100
MHz
	200
MHz
	400
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-51 (NOTE 2,3) for band n257, n258 and n261
-59 (NOTE 2,3) for band n260

	NOTE 1:	The transmitter shall be set to 4 dB below the lower limit of the PUMAX,f,c inequality defined in subclause 6.2.4, with uplink configuration specified in Table 7.3.2.3-5.
NOTE 2:	Reference measurement channel is specified in Annex A.3.3: QPSK, R=1/3 variant with one sided dynamic OCNG Pattern as described in Annex A.
NOTE 3:	The test requirements deviate from minimum requirements by 26dB relaxation for 24.25 ~ 29.5 GHz and 34 dB relaxation for 37 ~ 40 GHz.
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