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Introduction
The test procedure for FR2 DL CA Refsens TCs is not defined clearly at the moment. From the current version of the specification it is not clear how measure the EIS level on each component carrier in case of intra-band CA.
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EIS search
In the current version of TS 38.521-2 [1], the test procedure for the DL CA Reference Sensitivity TC is defined in clause 7.3A.2.1.4.2 as follows:
1.	Configure SCC according to Annex C.0, C.1, C.2 for all downlink physical channels.
2.	The SS shall configure SCC as per TS 38.508-1 [10] clause 5.5.1. Message contents are defined in clause 7.3A.2.1.4.3.
3.	SS activates SCC by sending the activation MAC CE (Refer TS 38.321[28], clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133[25], clause 9.2).
4.	SS transmits PDSCH via PDCCH DCI format 1_1 for C_RNTI to transmit the DL RMC according to Table 7.3A.2.1.4.1-1. The SS sends downlink MAC padding bits on the DL RMC.
5.	SS sends uplink scheduling information on PCC for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Table 7.3A.2.1.4.1-1. Since the UE has no payload data to send, the UE transmits uplink MAC padding bits on the UL RMC.
6.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200msec for the UE to reach PUMAX. 
7.	Set the UE in the Rx beam peak direction found with a 3D EIS scan as performed in Annex K.1.2.. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Rx beam selection to complete. 
8.	For each component carrier, perform EIS procedure as stated in Annex K.1.4 to calculate “averaged EIS” by changing the power level of the wanted signal with a step size of 0.2dB. For each power step measure the average throughput for a duration sufficient to achieve statistical significance according to Annex H.2.
9.	For each component carrier, compare the dB value of the “averaged EIS” value corresponding to the Rx beam peak direction (same as that found for single carrier in clause 7.3.2) identified in step 8 to the test requirement in Tables 7.3A.2.1.5-4 to Table 7.3A.2.1.5-7. If the EIS value is lower or equal to the value in Tables 7.3A.2.1.5-4 to Table 7.3A.2.1.5-7, pass the UE. Otherwise fail the UE.
For the actual measurement step 8 the EIS procedure is the same as for single carrier, however in the case of DL CA it is not clear how to handle the other component carriers. The minimum requirements in TS 38.101-2 [2] for DL CA are defined as follows:
[bookmark: _Toc21340952][bookmark: _Toc29805400][bookmark: _Toc36456609][bookmark: _Toc36469707][bookmark: _Toc37254116][bookmark: _Toc37322975][bookmark: _Toc37324381][bookmark: _Toc45889904][bookmark: _Toc52196579][bookmark: _Toc52197559][bookmark: _Toc53173282][bookmark: _Toc53173651][bookmark: _Toc61119653][bookmark: _Toc61120035][bookmark: _Toc67926106][bookmark: _Toc75273744][bookmark: _Toc76510644]7.3A.2.1	Intra-band contiguous CA
For each component carrier in the intra-band contiguous carrier aggregation, the throughput in QPSK R = 1/3 shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity values determined from clause 7.3.2, and relaxation applied  to peak reference sensitivity requirement as specified in Table 7.3A.2.1-1.
7.3A.2.2	Intra-band non-contiguous CA
For each component carrier in the intra-band non-contiguous carrier aggregation, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity values determined from clause 7.3.2, and relaxation applied to peak reference sensitivity requirement as specified in Table 7.3A.2.2-1. The configured downlink spectrum is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs.
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The inter-band requirement applies for all active component carriers. The throughput for each component carrier shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.3.2 and A.3.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1) with peak reference sensitivity for each carrier specified in section 7.3.2, and relaxation ΔRIB,P,n applied  to peak reference sensitivity requirement. ΔRIB,P,n is specified in Table 7.3A.2.3-1. The requirement on each component carrier shall be met when the power in the component carrier in the other band is set to its EIS spherical coverage requirement for inter-band CA specified in sub-clause 7.3A.3.3.
For the combination of intra-band and inter-band carrier aggregation, the intra-band CA relaxation, ΔRIB, is also applied according to the clause 7.3A.2.1 and 7.3A.2.2.
For inter-band CA it is clear that the requirement is only tested for one CC at a time and the CC in the other band is set to the EIS power level. For intra-band however, no such clarification exists and it is unclear how the other CCs should be handled.
In our understanding, the following options are possible, but the intention from the specification or even the minimum requirements is not clear.
Option 1: Lower the power level for all CCs at the same time, with the same step size.
This would be in principle the fastest way to measure the EIS for all component carriers, since all carriers could be measured simultaneously. However, in this case there may be issues, in case some CCs perform worse than the others. E.g. when the PCC reaches its EIS level before the SCCs, lowering the power on all CCs further may lead to the UE losing the connection to the system simulator and thus no longer being able to measure the performance on the SCCs correctly. This could lead to an undefined scenario, where it is not possible to properly measure the EIS level on all component carriers.
Observation 1: Lowering the power level for all CCs at the same time, may lead to an undefined scenario.
Option 2: Lower the power level for one CC, keep the other ones at a fixed power level e.g. spherical coverage power level.
This approach would be similar to the one applied for inter-band. However, it may be much more critical for intra-band scenarios to utilize such a large power imbalance between carriers. While this approach may solve the issue outlined for Option 1, it will create a large power imbalance between the neighboring CCs inside the same frequency band. The power imbalance is in the range of 10 – 13 dB for CCs with the same channel bandwidth but may increase in case the CCs have large differences in bandwidth. In our understanding, this could lead to cases where, due to the large power imbalance, UEs could unfairly fail the test.
Also, there is no mention of keeping one CC at the spherical coverage power level in the minimum requirements for intra-band, so it can be assumed that this is not the intention of the RAN4 core requirements.
Observation 2: Keeping CCs at the spherical coverage power level may result in an unfairly fail of a UE.
Option 3: While measuring a CC, keep the PCC and the remaining SCCs at a power level [5] to [10] dB above the CC under test.
To reduce the possibility that the UE drops the connection to the system simulator while measuring the EIS power level on each component carrier, it would be feasible to introduce a fixed offset between the power levels of the CC under test and the non-tested CCs. This way it will be unlikely that the PCC will experience a drop in throughput before the CC under test or that a large power imbalance between the CCs is introduced.
Observation 3: Introducing a fixed offset between the PCC and SCC power levels during testing reduces the negative effects from Option 1 and 2.
Proposal 1: RAN5 agrees on Option 3 for testing FR2 intra-band DL CA. 
Spherical Coverage and Beam peak definition
In TS 38.101-2 [2] the chapters for EIS spherical coverage have been voided, with requirements only defined for inter-band CA.
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In our understanding this means, that for intra-band DL CA no spherical coverage requirement is defined and thus no TC is required. 
Observation 4: No spherical coverage requirements are defined by RAN4, thus no TC is needed.
However, even though no spherical coverage requirement is defined, it is still necessary to find the beam peak direction for intra-band DL CA in which the Reference Sensitivity requirements need to be verified.
Unfortunately, there is no definition available, how the beam peak direction for intra-band DL CA is defined. While the manufacturer of a UE may declare that the DL CA beam peak is identical to the single CC beam peak, this is not mandatory. Thus, it is necessary to define the beam peak direction for intra-band DL CA.
Observation 5: The definition of the intra-band DL CA beam peak is not clear.
While it is simple to define the beam peak direction for a single CC, this is not the case for DL intra-band CA, since for each direction each CC will have its own averaged EIS level. Therefor it needs to be clarified on h
In theory, the measurement results would look like the following table, showing the reference sensitivity measurement results for each CC in multiple directions. From the specification it is not clear which one should be chosen as the beam peak direction. 
	Direction
	CC1
	CC2
	CC3

	
	
	
	

	1
	-88 dBm
	-88 dBm
	-88 dBm

	2
	-91 dBm
	-88 dBm
	-85 dBm

	3
	-89 dBm
	-88 dBm
	-87 dBm



[bookmark: _GoBack]Depending on the criteria chosen, any of the directions could qualify as beam peak, while also drastically increasing the time required to find the correct beam peak.
Since for intra-band DL CA configurations it is reasonable to assume that all CCs have a similar EIS level, it would be reasonable to only measure the PCC to determine the intra-band DL CA beam-peak direction.
Proposal 2: RAN5 agrees to use the PCC beam peak direction as the beam peak for intra-band DL CA.
Proposals
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Observation 1: Lowering the power level for all CCs at the same time, may lead to an undefined scenario.
Observation 2: Keeping CCs at the spherical coverage power level may result in an unfairly fail of a UE.
Observation 3: Introducing a fixed offset between the PCC and SCC power levels during testing reduces the negative effects from Option 1 and 2.
Proposal 1: RAN5 further discusses on Options 3 and 4 for testing FR2 intra-band DL CA. 
Observation 4: No spherical coverage requirements are defined by RAN4 for intra-band DL CA, thus no TC is needed.
Observation 5: The definition of the intra-band DL CA beam peak is not clear.
Proposal 2: RAN5 agrees to use the PCC beam peak direction as the beam peak for intra-band DL CA.
References
[1] 3GPP TS 38.521-2 v16.8.0
[2] 3GPP TS 38.101-2 v17.2.0


Page 2
