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1	Introduction 
The purpose of this discussion paper is to discuss the potential issue of FR2 EN-DC UEs dropping NR SCell during the TRx measurement and thereby ceasing to be in UL-CA mode. This is in spite of the DUT following the prioritization rules in TS 38.101-2 [1] and TS 38.213 [2]. Considering that the objective of the test is to measure UL performance of the UE in UL-CA mode and based on clarification received from RAN4 via the LS response, the objective of this discussion is to propose solutions to meet the objectives of the test while adhering to the prioritization rules detailed in the core specifications.
2	Discussion 
2.1 Test conditions
The stated UE behaviour can potentially occur when Rel-15 FR2 EN-DC UE is set to output a maximum power with multiple NR component carriers by continuous TPC UP command during tests such as Maximum Output Power (Peak EIRP).  Based on the description of TS 38.508-1 [3] and test procedures in TS 38.521-2 [4], the SCG of the FR2 UE (with dynamic power sharing) is defined to set P-Max as +26 dBm and the output power is increased by continuous TPC commands from a test equipment. In a power limited condition, when the PCell is prioritized then the Scell could reach a situation where it is dropped due to inadequate power allocation.
Observation 1: Scell Drop is possible when the EN-DC FR2 intra-band contiguous UL-CA test procedure configures the DUT to transmit at maximum power across CCs
2.2	Core and Test Specification background
It would be useful to understand the background from TS 38.213 [2] and TS 38.101-2 [1]. Associated clauses are extracted in the appendix at the bottom of this contribution. In summary:
· In TS 38.213 clause 7.5, UE is defined to prioritize the primary cell in case of same priority order of transmission and for operation with CA, which means the primary cell of the SCG (NR cell group) is prioritized than secondary cell in the EN-DC UE case. Moreover, this is also the default mode of operation in real deployments.
Observation 2: As per TS 38.213 prioritization rules, PCC is prioritized over SCC. This is also the mode of operation in the field
· In TS 38.101-2 clause 6.2A.4, configured transmitted power for CA is defined only with PCMAX, which is the total power of CCs as NR. Thus, it is possible to configure the output power of each component carrier with an imbalanced output power. This led to the question on whether “equal power spectral density for each RB in each component carrier” should be a mandatory condition or not. 


Extract from TS 38.101-2 clause 6.2A.4
For uplink intra-band contiguous carrier aggregation, MPR is specified in clause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
RAN4 discussed this issue and conveyed their understanding to RAN5 via [ref]
RAN4 has reached the following understanding
· The UE Prioritizes Power on the Pcell and reduces the power on the Scell(s) for transmissions of a given priority when the UE is power limited (38.213)
· The RAN4 requirements on PCMAX for CA do not mandate the UE transmit with equal PSD across CCs at maximum output power
· Equal PSD was assumed for the development of MPR requirements, but the MPR thus specified for the total CA power is applicable to all transmit conditions (priorities) 
In addition, RAN4 has confirmed the below
To this end, RAN4 has discussed the following two options for verification of the CA test cases:
1. Option 1: Equal PSD between CCs.
2. Option 2: Measure the UE as is even SCC output may be scaled down under CA mode. 
RAN4 considers that equal PSD is a preferred test condition to verify the UL CA requirements. However, considering the actual UE behaviour in the field, which is subject to the prioritization rules in 38.213.RAN4 recognizes that testing details (configures/procedures) are ultimately up to RAN5. 
Observation 3: RAN4 clarified via LS [2] to RAN5 that equal PSD is preferred test condition. However, actual UE behavior in the field has to be considered as well as prioritization rules iN TS 38.213 to identify testing details. 
Observation 4: RAN5 has agreed that the way forward recognizes prioritization rules in TS 38.213
RAN 5 to bring discussion papers proposing various ideas for FR2 to implement PCC/SCC (equal PSD preferred and recognizing prioritization rules in 38.213) for applicable UL CA FR2 test cases to agree on a method in May 2021 Ran 5#91 e-meet. Unequal PSD is not precluded from evaluation.
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios.
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2.3	Discussion on possible test scenarios
This section discusses the possible solutions that could enable RAN5 to updated the UL-CA test procedures to work around the stated issue. 
As stated in [4], One way of preventing SCell dropping would be to limit the maximum power for the PCell to reserve power for SCell transmissions, at least for particular transmissions e.g. for PUSCH without UCI. Moreover, by limiting the SCell maximum power in addition, a behavior similar to that for LTE in which scaling applies uniformly for each serving cell as noted previously, from 36.213, 

an “equal PSD” condition, could be achieved for PUSCH transmissions.
For FR1, the configured maximum output power is specified at the antenna connector and can be determined by . For FR2, on the other hand, both the configured power per cell  and the total configured power   are specified in implementation-specific plane of references internal to the UE. Absolute power limits configured by the network are therefore not viable for these parameters. Moreover, the UE power class for FR2 is specified in terms of EIRP that is impossible to control for UE operations in the field.
Again from [4], it can be gathered that a limit relative to the configured power can be specified to work around the issue of PCell and SCell power getting limited. This would also account for the actual power back-off (up to MPR) that is applied by the UE, which is unknown to the network but included in the PHR determination. The network would then configure the UE with UE-specific relative limits Xmax,f,c on the PCell and possibly also one or more SCells

relative to an absolute reference power Pref  that could be implementation specific. The relative limitation must not necessarily apply to all transmissions, only to specific transmissions like PUSCH without UCI or of priority 0. Other transmissions would not be limited.
From 38.521-2 clause 6.2.4.3, we know that
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
Also PCMAX,f,c for carrier f of a serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [24].
For intra-band CA, the MPR for each serving cell is the same as that for the total power. Hence the same power back-off is normally assumed for both the  and the . Suppose we pick . If the network configures the UE with a value of  Xmax,f,PCell > 0 dB, then the  for the PCell should be reduced by this value and power for SCells would therefore be ensured as the total power  is unchanged. 
An example of intra-band UL CA with allowed MPR for FR2 UE configured with a limit relative to    and four UL component carriers is shown in Figure 4.1. The ordinate shows the transmitted power density of the component carriers in relation to the , the   and the  as seen in the respective plane of reference (different at least for the power class). The power back-off up to the allowed MPR is measured relative to the power class. Configuration of the relative limit   reduces the configured power for the PCell, the remaining power up to  is available for the SCells. Setting  = 6 dB would make possible transmissions with equal power spectral density on all configured cells if the same limit is configured for the SCells.
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Figure 4.1: UL intra-band contiguous CA – avoiding power limitation on SCell in FR2
Based on reference diagram in [4] with additional parameters added
Option 1: To prevent SCell dropping due to a large power reduction, configure a power back-off on the PCC power so that remaining power up to Pcmax is available for Scells. Setting a threshold for the reduction would ensure transmissions with equal power spectral density on all configured cells if same limit is configured for the SCells. 
A second possible approach to follow could be to activate the PCC and then add the SCell as would be normally done during the test procedure. With both PCC and SCCs activated, send TPC UP commands till observing SCCs power start dropping, then send TPC DOWN command till PCC and SCCs PSD is leveled and stop. This would help satisfy the equal PSD requirement and also ensure the SCell is not dropped. One challenge that has been pointed out in this scenario is the complexity of iteratively adjusting the power levels across the PCC and SCC(s). However, to this point, we can use the flexibility provided in the RAN4 LS clarification that while equal PSD is preferred, a “close to equal PSD” condition. And allow a tolerance of up to ‘X’ dB delta in the power between PCell and SCell(s). This will enable the test to proceed in an allowed UL-CA mode without Scell drop.
Option 2 - With both PCC and SCCs activated, send TPC UP commands till observing SCCs power start dropping, then send TPC DOWN command till PCC and SCCs PSD is close to equal PSD (within a specified tolerance value that reduces complexity of TE implementation).
Proposal 1: Pick option 1 and the associated FR2 test procedure updates in TS 38.521-2. A snippet of implementation of this option is provided.
Observation 6: Option 1 seems to be the more feasible option from standpoint of test case implementation. However, RAN5 can discuss both options as a baseline for a way forward.
Based on an analysis of the uplink power expectations in the tests across TS 38.521-2, it can be construed that the tests where UE is expected to operate at maximum transmit power can all utilize the proposed test procedure. This includes all output power tests in Clause 6.2A and output RF spectrum emission tests in Clause 6.5A
Proposal 2: Apply the proposed test procedure across all UL-CA tests in TS 38.521-2 Clause 6.2A and 6.5A.
Observation 7: Additional analysis is needed on the impact of tolerances of configured output power for allowed MPR values
Observation 8: Additional analysis is needed for transmit signal quality test cases and power tolerance test cases which can happen on a per-contribution basis.
3	Conclusions
In this contribution, the following observations and proposal were made
Observation 1: Scell Drop is possible when the EN-DC FR2 intra-band contiguous UL-CA test procedure configures the DUT to transmit at maximum power across CCs
Observation 2: As per TS 38.213 prioritization rules, PCC is prioritized over SCC. This is also the mode of operation in the field
Observation 3: RAN4 clarified via LS [] that equal PSD is preferred test condition. However, actual UE behaviour in the field has to be considered as well as prioritization rules iN TS 38.213 to identify testing details. 
Observation 4: RAN5 has agreed that the way forward recognizes prioritization rules in TS 38.213
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios.
Proposal 1: Pick option 1 and the associated FR2 test procedure updates in TS 38.521-2. A snippet of implementation of this option is provided in the appendix of this discussion paper.
Observation 6: Option 1 seems to be the more feasible option from standpoint of test case implementation. However, RAN5 can discuss both options as a baseline for a way forward
Proposal 2: Apply the proposed test procedure across all UL-CA tests in TS 38.521-2 Clause 6.2A and 6.5A.
Observation 7: Additional analysis is needed on the impact of tolerances of configured output power for allowed MPR values
Observation 8: Additional analysis is needed for transmit signal quality test cases and power tolerance test cases which can happen on a per-contribution basis.
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5	Appendix
6.2A.1.1.1.1	Test purpose
To verify that the power of any UE emission shall not exceed specified lever for the specified channel bandwidth for CA under the deployment scenarios where additional requirements are specified.
<Unchanged sections skipped>
6.2A.1.1.1.4.2	Test procedure
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] subclause 5.5.1. Message contents are defined in clause 6.2A.1.1.1.4.3.
3.	SS activates SCC by sending the activation MAC CE (Refer TS 38.321 [x], clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133[25], clause 9.3).
4.	SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format 0_1 for C_RNTI to schedule the UL RMC according to Table 6.2A.1.1.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Messages to configure the appropriate uplink modulation in section 6.2A.1.1.1.4.3.
5.	Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1 for the UL-CA band combination under test. Allow at least BEAM_SELECT_WAIT_TIME (Note 1) for the UE Tx beam selection to complete.
6.	Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec starting from the first TPC command in this step to ensure that the UE transmits at its maximum output power PUMAX. Allow at least BEAM_SELECT_WAIT_TIME (Note 1) for the UE Tx beam selection to complete. 
7.  Send uplink power control “down” commands on PCell in every uplink scheduling information to the UE; allow at least  200 msec starting from the first TPC “down” command in this step until power control has reduced the UE output power by Xmax,i,PCell  dB (defined in clause 6.2.4.0)from PCMAX. Target power on TE shall be PCMAX minus Xmax,i,PCell .
8  Check state of secondary component carrier:
	8 a) If the secondary component carrier is at OFF Power, TE shall send uplink power control “up” commands in 1 dB steps until power on the secondary component carrier equals the target power set on TE (
	8 b) If the secondary component carrier is not detected, SS activates SCC by sending the activation MAC CE (Refer TS 38.321 [x], clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133[25], clause 9.3). Then the TE shall send uplink power control “up” commands in 1 dB steps until power on the secondary component carrier equals the target power set on TE, defined as PCMAX minus Xmax,i,PCell .
9.	SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.2 using condition Tx only.
10.	Measure UE EIRP in the Tx beam peak direction in the channel bandwidth of the radio access mode according to the test configuration, which shall meet the requirements described in Table 6.2A.1.1.1.5-1. EIRP test procedure is defined in Annex K.1.3. The measuring duration is one active uplink subframe. EIRP is calculated considering both polarizations, theta and phi.
11.	Measure TRP of the transmitted signal for the assigned NR channel with a rectangular measurement filter with bandwidths according to Table 6.2A.1.1.1.5-1. Total radiated power is measured according to TRP measurement procedure defined in Annex K.1.7 and measurement grid specified in Annex M.4. TRP is calculated considering both polarizations, theta and phi.
12.	SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.3.
NOTE 1:	The BEAM_SELECT_WAIT_TIME default value is defined in Annex K.1.1.
6.2A.1.1.1.4.3	Message contents
Message contents are according to TS 38.508-1 [10] subclause 4.6.
<Unchanged sections skipped>
[bookmark: _Toc21026430][bookmark: _Toc27743688][bookmark: _Toc36196832][bookmark: _Toc36197524][bookmark: _Toc43898189][bookmark: _Toc52550680][bookmark: _Toc58952395][bookmark: _Toc68098139][bookmark: _Toc68098412][bookmark: _Toc68360542]6.2A.4.0	Minimum conformance requirements
A UE configured with carrier aggregation can configure its maximum output power for each uplink carrier f of activated serving cell c and its total configured output power PCMAX. The definition of the configured UE maximum output power PCMAX,f,c for each carrier f of a serving cell c is used for power headroom reporting for carrier f of serving cell c only and is in accordance with that specified in clause 6.2.4 with parameters MPR, A-MPR and P-MPR replaced with those specified below. The total configured power PCMAX in a transmission occasion is the sum of the configured power for carrier f of serving cell c with non-zero granted transmission power in the respective reference point.
For uplink intra-band contiguous carrier aggregation, MPR is specified in subclause 6.2A.2. PCMAX is calculated under the assumption that power spectral density for each RB in each component carrier is same.
The total configured UE maximum output power PCMAX shall be set such that the corresponding measured total peak EIRP PUMAX is within the following bounds
PPowerclass – MAX(MAX(MPR, A_MPR),P-MPR) – MAX{T(MAX(MPR, A_MPR)),T(P-MPR)} ≤ PUMAX ≤ EIRPmax
with PPowerclass the UE power class as specified in sub-clause 6.2A.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2A.1, MPR as specified in sub-clause 6.2A.2, A-MPR as specified in sub-clause 6.2A.3, P-MPR the power management term for the UE as described in 6.2.4 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2A.1. 
PUMAX is defined as 10*log10(∑pUMAX,fIi),c(j)) for each carrier f (i=1…n) and serving cell c (j=1…m) where pUMAX,fIi),c(j) is linear value of PUMAX,fIi),c(j)
For intra-band contiguous and non-contiguous UL-CA scenarios where it is critical to prevent drop of the secondary component carrier(s) due to priorization rules in section 7.5 of TS 38.213, a parameter Xmax,f,PCell  is defined for the Pcell such that
Xmax,i,PCell  = 10 log10(i) for i=1…n component carriers
Xmax,i,PCell  is the back-off in transmit power applied on the primary component carrier fom PCMAX,f,c. This ensure sufficient power allocation is possible on the secondary component carrier(s)
<End of changes>
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