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1	Introduction 
The purpose of this discussion paper is to summarize current status in RAN5 on the 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 lieu of the DUT following the prioritization rules in TS 38.101-2 [1] and TS 38.213 [2]. The issue has been discussed in length in RAN5 [5] [6] [7] [8].We further propose some solutions for agreement.
It should also be noted that there the agreement in RAN4 (Way Forward R4-2107762) discussed possible ways to limit the serving cell power to prevent excessive power scaling of secondary cells. While the actual method is still under discussion, the impact of this to conformance testing and possible options to consider in RAN5 spec are discussed.
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 [10]
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios. Considering the ongoing RAN4 discussion, a potential solution from RAN4 cannot be precluded.
The most recent update from the core working groups has been an LS exchange which conveys the following (per LS response from RAN1 [11])
Question 1: Whether UE drop Scell power according to the priority rule defined in 38.213 is considered as an issue from RAN1 perspective.
Answer: RAN1 understands that SCell dropping due to power limitation can occur. But RAN1 doesn’t see changes to the priority rule defined in TS 38.213 as a way to address such issue since RAN1 has not identified any issue on the priority rules in TS 38.213.  
Question 2: Whether UE drop Scell power according to the priority rule defined in 38.213 has been addressed from 16 or 17? If not, what expected solution(s) are?
Answer: No until this RAN1 meeting, RAN1 is not working to modify the power scaling priority rule in Rel-17 either, and understands that RAN4 is discussing potential RAN4 specification updates.
Question 3: If the problem above is solved in RAN4 specifications with solution by higher layer configuration, e.g. introduce additional UE-specific configuration of power limits on Pcmax,f,c for each CC to prevent SCell dropping (see e.g. R4-2112826 or R4-2114551 for details), is there any expected RAN1 spec impact or possible conflict with UE behaviour defined in RAN1 specifications?
Answer: Regarding the solution examples, there is no RAN1 specification impact by introducing additional UE-specific configuration of power limits on Pcmax,f,c for each CC to prevent SCell dropping. For other aspects, including potential conflict with current RAN1 specification, a definite answer can only be provided when the detailed solution is provided by RAN4.
Observation 6: RAN1 confirms that no changes to prioritization rules is planned as there is no known issue as such. Further any UE-specific configuration of power limits to prevent SCell drop would not conflict with RAN1 specifications but a confirmation on this is dependent on the actual RAN4 solution.
2.3 Discussion on possible ways forward for RAN5
2.3.1	Background: Previous RAN5 discussion on FR2 RF Tx tests impacted by this issue
As part of the discussions during earlier RAN5 meetings, a list of tests that are impacted was identified. This information is useful to determine the real impact on coverage solely because of the SCell drop issue and how much bandwidth to spend/how best to identify a temporary workaround for the issue before a RAN4/RAN2 solution is identified.
Observation 7: There are 3 (three) FR2 RF UL-CA tests that are blocked solely by SCell drop issue. Other tests either have multiple other blocking issues or are not yet introduced in the spec even in Release 15 work plan for the past many RAN5 meetings.
	TS38.521-2 clause number
	Test case title
	Coverage Blocked by SCell Drop Issue?
	Comments

	6.2A.1
	UE maximum output power for CA
	No
	The MOP CA test case requires to be tested at MPR=0 and according to RAN 4 this condition is met only with 1CC. This means SCell drop cannot happen in this test case

	6.2A.2
	UE maximum output power reduction for CA
	Yes, if other incomplete items are addressed
	Multiple other incomplete items in test so SCell Drop is not only issue

	6.2A.3
	A-MPR for CA
	No
	No contents in the test case (FFS).

	6.2A.4
	Configured output power for CA
	No
	No contents in the test case (FFS).

	6.3A.4.2
	Absolute power tolerance
	No
	MU/TT is FFS

	6.3A.4.3
	Relative power tolerance
	No
	No contents in the test case (FFS).

	6.3A.4.4
	Aggregate power tolerance
	No
	No contents in the test case (FFS).

	6.5A.1
	Occupied bandwidth for CA
	No
	MU/TT is FFS, TP Analysis has been pending

	6.5A.2.1
	Spectrum emission mask for CA
	Yes.
	

	6.5A.2.2
	Adjacent channel leakage ratio for CA
	Yes.
	

	6.5A.3.0
	General spurious emissions for CA
	No
	Test is incomplete

	6.5A.3.1
	Spurious emission band UE co-existence for UL CA
	No
	Other incomplete items in test

	6.5A.3.2
	Additional spurious emissions
	No
	Other incomplete items in test



2.3.2	Testability issues raised for approach using Pcell power limiting via TPC approach.
2.3.2.1      The Aspect of beam peak search
It was identified by some contributors that the peak beam search will have to be performed uniquely for CA tests unless there is a UE vendor declaration of reusing the beam peak result from single carrier [9]. With the approach of limiting power on the PCell, one aspect that needs to be discussed is if this would apply during the peak beam search process as well. If so, then the limiting of PCell power would potentially prevent the SCell drop and peak beam search can be carried out in CA mode. However, the concern about time to obtain peak beam search while trying to limit the PCell power and attain equal PSD on both component carriers was raised at RAN5#92. For intra-band CA, it can be assumed that the peak beam would not differ significantly across component carriers. This has been confirmed by agreement on R5-215819 which can be extended to UL-CA.
Observation 8: RAN5 has agreed that PCC beam peak direction as the beam peak for intra-band DL CA for a frequency separation of up to 800 MHz. This can be extended to UL-CA.
2.3.2.2       Dynamic Range Issues and Noise Impact
Another testability issue that has been raised is dynamic range issues and the need to incorporate impact of Noise on testability and MU. An analysis of some test points performed earlier for the MPR FR2 UL-CA test indicates a few aspects
· The impact of noise floor increases with channel bandwidth
· Impact is lower for lower MPR values
· Since measurement for UL-CA tests occurs on per CC basis, some of the dynamic range impact can be approximated to the single carrier case.
[12] provided an extensive analysis of the testability limit and MU value for “influence of noise” for FR2 CA tests where MPR tests. Below are some key observations from [4]
For contiguous allocation, according to the above specification, the maximum MPR for CA (MPRC_CA ) is 9dB, which is same as single carrier test case.
The UL power level requirement depends on not only MPR but also T(MPR) and MBR values. According to the 38.101-2, the same T(MPR) and MBR value as single carrier case can be used for CA. Hence the value in Table 1 in [1] (quoted below) can be re-used for MPR intra-band CA test case (PC3, BWagg <= 400MHz).
Table 1 Delta SNR for MPR Intra-band contiguous CA
(metric = Peak EIRP based ACLR, PC3, BWagg <= 400MHz)
	
	UL Power
[dBm/400MHz]
	SNR
[dB]
	SNR
[dB]

	FR2a
	22.4-0.75-9-5=7.65
	15.25
	0.13

	FR2b
	20.6-0.75-9-5=5.85
	11.35
	0.31


Taking the FR2 MPR CA tests into consideration, the one conclusion that was reached was that the maximum testable MPR (without any relaxation
Table 2 Maximum testable MPR without relaxation for FR2 ACLR CA test
 (metric = Peak EIRP based ACLR, PC3, intra-band contiguous CA, BWagg <= 400MHz)
	
	FR2a
	FR2b

	ChBW (100MHz)
	7.0
	5.0

	ChBW (200MHz)
	5.0
	3.5

	ChBW (400MHz)
	3.0
	2.0



Now, coming to the MPR CA test in TS 38.521-2, the MPR value for each test point is summarized in TS 38.521-2 and the same is listed below. Note that the MPR value is the same for <= 200MHz and 400MHz as per Table 6.2A.2.4-1, while in single carrier MPR they are different. Looking at the test point analysis in TS 38.905 for the MPR CA test, there are 3 test IDs again that map to up to 800 MHz aggregated bandwidth.

	Test requirement ID
	Allocation type
	Cumulative aggregated channel bandwidth
	RB allocated in single CC or multiple CCs
	MPR requirement

	1
	contiguous allocation: MPRC_CA
	Cumulative aggregated channel bandwidth <= 400MHz
	contiguous RB allocation in a single CC
(DFT-s-OFDM BPSK or QPSK)
	single CC MPR of subclause 6.2.2.3

	2
	
	
	RB allocation in multiple CCs
	MPR in 6.2A.2.4-1

	3
	
	Cumulative aggregated channel bandwidth < 800MHz
	
	MPR in 6.2A.2.4-1

	4
	
	Cumulative aggregated channel bandwidth < 1400MHz
	
	MPR in 6.2A.2.4-1

	5
	Non-contiguous allocation
	
	
	Max(MPRC_CA, -10*(NRB_alloc / NRB_agg_C) +  7.0])


Table 6.2A.2.0.4-1: Maximum power reduction (MPRC_CA) for UE power class 3
	
	Cumulative aggregated bandwidth configuration

	
	≤ 400 MHz
	> 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]

	
	QPSK
	≤ 5.01
	≤ 7.71
	≤ [8.2]

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.3]

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 7.5
	≤ [8.0]

	
	16 QAM
	≤ 6.5
	≤ 8.7
	≤ [9.2]

	
	64 QAM
	≤ 9.0
	≤ 10.7
	≤ [11.2]



Referring to the discussion in [13] SNR of adjacent channel can be less than 6 dB despite relaxation when using previous relaxation value in single carrier FR2a ACLR test cases.
Table - MPR and SNR in FR2a ACLR (CBW 400 MHz) [dB]
	MBR
	MPR
	T(MPR)
	Carrier SNR
(Note 1)
	SNR incl. MBR, MPR,T(MPR)
(Note 2)
	ACP SNR
CBW 400 MHz
(Note 3)

	0.75
	0
	0
	30
	29.25
	12.25

	0.75
	0.5
	1.5
	30
	27.25
	10.25

	0.75
	1
	1.5
	30
	26.75
	9.75

	0.75
	1.5
	1.5
	30
	26.25
	9.25

	0.75
	2
	1.5
	30
	25.75
	8.75

	0.75
	2.5
	2
	30
	24.75
	7.75

	0.75
	3
	2
	30
	24.25
	7.25

	0.75
	3.5
	3
	30
	22.75
	5.75

	0.75
	4
	3
	30
	22.25
	5.25

	0.75
	4.5
	4
	30
	20.75
	3.75

	0.75
	5
	4
	30
	20.25
	3.25

	0.75
	5.5
	5
	30
	18.75
	1.75

	0.75
	6
	5
	30
	18.25
	1.25

	0.75
	6.5
	5
	30
	17.75
	0.75

	0.75
	7
	5
	30
	17.25
	0.25

	0.75
	7.5
	5
	30
	16.75
	-0.25

	0.75
	8
	5
	30
	16.25
	-0.75

	0.75
	8.5
	5
	30
	15.75
	-1.25

	0.75
	9
	5
	30
	15.25
	-1.75

	Note 1: Based on [R5-200868]

	Note 2: Carrier SNR - MBR - MPR - T(MPR)

	Note 3: SNR incl. MBR, MPR, T(MPR) - 17dB (ACLR)



Extending the above table from [13] to calculate the relaxation required, the below values are obtained for FR2a
Table 2 SNR and relaxation value for FR2a ACLR (Single carrier)
	　
	SNR
	Relaxation

	MPR
	CBW
50 MHz
	CBW
100 MHz
	CBW
200 MHz
	CBW
400 MHz
	CBW
50 MHz
	CBW
100 MHz
	CBW
200 MHz
	CBW
400 MHz

	0
	21.28
	18.27
	15.26
	12.25
	0
	0
	0
	0

	0.5
	19.28
	16.27
	13.26
	10.25
	0
	0
	0
	0

	1
	18.78
	15.77
	12.76
	9.75
	0
	0
	0
	0

	1.5
	18.28
	15.27
	12.26
	9.25
	0
	0
	0
	0

	2
	17.78
	14.77
	11.76
	8.75
	0
	0
	0
	0

	2.5
	16.78
	13.77
	10.76
	7.75
	0
	0
	0
	0

	3
	16.28
	13.27
	10.26
	7.25
	0
	0
	0
	0

	3.5
	14.78
	11.77
	8.76
	5.75
	0
	0
	0
	0.5

	4
	14.28
	11.27
	8.26
	5.25
	0
	0
	0
	1

	4.5
	12.78
	9.77
	6.76
	3.75
	0
	0
	0
	2.5

	5
	12.28
	9.27
	6.26
	3.25
	0
	0
	0
	3

	5.5
	10.78
	7.77
	4.76
	1.75
	0
	0
	1.5
	4.5

	6
	10.28
	7.27
	4.26
	1.25
	0
	0
	2
	5

	6.5
	9.78
	6.77
	3.76
	0.75
	0
	0
	2.5
	5.5

	7
	9.28
	6.27
	3.26
	0.25
	0
	0
	3
	6

	7.5
	8.78
	5.77
	2.76
	-0.25
	0
	0.5
	3.5
	6.5

	8
	8.28
	5.27
	2.26
	-0.75
	0
	1
	4
	7

	8.5
	7.78
	4.77
	1.76
	-1.25
	0
	1.5
	4.5
	7.5

	9
	7.28
	4.27
	1.26
	-1.75
	0
	2
	5
	8



Since the approach being proposed (in line with options being discussed RAN4) is about limiting PCell Power, the MPR test is useful to analyze from standpoint of UL-CA testability as it represents a backoff from max power. 
The idea is to pick the max MPR for which minimal relaxation in SNR is needed. The MPRwt is provided in separate tables (added below) for <=200MHz (Table 6.2.2.3.3-1) and 400 MHz (Table 6.2.2.3.3-1).

Considering the <=200MHz scenario, we can see that the max MPR at which no relaxation is needed (i.e. testable) is 5 dB (not 3dB).

Now we can refer to Table 6.2.2.3.3-1.  Highlighted in the table 6.2.2.3.3-1 is all the test points that correspond to MPR <=5 dB for the <=200 MHz CBW.

Table 6.2.2.3.3-1: MPRWT for power class 3, BWchannel ≤ 200 MHz
	Modulation
	MPRWT, BWchannel ≤ 200 MHz

	
	 Inner RB allocations,
Region 1
	Edge RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0

	
	QPSK
	0.0
	≤ 2.0

	
	16 QAM
	≤ 3.0
	≤ 3.5

	
	64 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0

	
	16 QAM
	≤ 5.0
	≤ 5.0

	
	64 QAM
	≤ 7.5
	≤ 7.5




 Now referring to TS 38.521-2 MPR UL-CA test case, , the all the highlighted test points above across test config tables in clause 6.2A.2.1.4.1 (covering CBW <=800 MHz) can be tested which as can be seen from above, covers majority of the test points and only leaves out the very high MPR test points. 
To extend the above idea, for Single Carrier CBW of 400 MHz though the threshold stays as 3 dB and a few numbers of test points qualify but does cover DFTs-OFDM QPSK which is a common test config is covered.

Table 6.2.2.3.3-2: MPRWT for power class 3, BWchannel = 400 MHz
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 3.0

	
	16 QAM
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 9.0
	≤ 9.0




Observation: Focusing on a reduced set of test points for MPR UL-CA tests allows to avoid testability issues related to noise impact while enabling testing for UL-CA configurations. This can be based on
·  - Limited to up to aggregated channel bandwidth of 800 MHz
· - Limit test points to MPR of 5 dB (from <=200 MHz CBW Single Carrier MPRwt Table) and 3 dB (from 400 MHZ CBW Single Carrier MPRwt Table).
· Additional analysis and selecting a subset of test points would help arrive at a stable set of MPR FR2 UL-CA test points where noise impact to measurements are minimal.
2.3.3   Option 1: Use TPC to limit PCell Power
Most of the focus of RAN5 has been to explore test mode versus non test mode options to accomplish the desired objective of the FR2 RF CA test scenarios. There has been no agreement to adopt one or the other and in lieu of the ongoing RAN4 discussion.
As stated in [4] and [7], 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, 
[image: ]
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
Observation 10: To prevent SCell dropping due to a large power reduction, the discussed approach in RAN5 aligns with ongoing discussions in RAN4 that seek to attain the same objective i.e. limit the PCell power. 
Option 1: To prevent SCell dropping due to a large power reduction, configure a power back-off on the PCC power via TPC so that remaining power up to Pcmax is available for Scells. Start with a limited set of test points on MPR CA tests to unblock UL-CA testing.
2.3.4	Option 2: Use Conformance Test Function to apply limit on PCell Power (no impact on PCC prioritization rules)
[image: Diagram

Description automatically generated]
To help avoid some of the testability issues that are of concern when adjusting the power levels of PCC and SCCs during UL-CA RF conformance tests, it is proposed to have a test function that can apply the backoff or limit of power on the PCell. This will enable to UE to apply the backoff in response to the conformance test function and enable the SCells to stay active. This will enable testing of UL-CA configuration with prioritization rules enabled per TS 38.213. However, considering the impact on UEs that are already commercialized, this option should be limited to Release 16 since the RAN4/RAN2 solution is planned in Release 17. This option potentially serves as a compromise among the solutions available.
Option 2: Introduce a conformance test function, for Release 16 testing only, to apply the backoff Xmax,f,Pcell that the UE can apply during the UL-CA conformance tests that are configured to test at max transmit power.
2.3.5.    Await RAN4/RAN2 configuration updates
As per the way forward identified in RAN4 [11], which will be worked on in Release 17 timeframe, the discussion includes “a ‘RAN4 only solution’ but changes to RAN2 specifications also needed: configured power limits for UL serving cells and MAC-CE for enabling/disabling limits”.
Observation 11: RAN4 solution being worked on in Release 17 with possibility of RAN2 updates
Option 3: Based on the Observation 7 and Observation 11, the option is to wait for RAN4/RAN2 solution in Release 17 (configured power limits for PCell/SCell and MAC-CE for enabling/disabling limits)
Proposal 1: Prefer Option 1 to enable coverage on a limited set of test points for MPR CA tests prior to Release 17
We are open to options 2 and 3 as well based on feedback from other stakeholders on this topic.
3	Summary
In this contribution, the following observations 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 [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 [10]
Observation 5: RAN5 has to analyse and define test procedures which will ensure testability for intra-band UL-CA scenarios. Considering the ongoing RAN4 discussion, a potential solution from RAN4 cannot be precluded.
Observation 6: RAN1 confirms that no changes to prioritization rules is planned as there is no known issue as such. Further any UE-specific configuration of power limits to prevent SCell drop would not conflict with RAN1 specifications but a confirmation on this is dependent on the actual RAN4 solution.
Observation 7: There are 3 (three) FR2 RF UL-CA tests that are blocked solely by SCell drop issue. Other tests either have multiple other blocking issues or are not yet introduced in the spec even in Release 15 work plan for the past many RAN5 meetings
Observation 8: RAN5 has agreed that PCC beam peak direction as the beam peak for intra-band DL CA for a frequency separation of up to 800 MHz. This can be extended to UL-CA.
Observation 9: Focusing on a reduced set of test points for MPR UL-CA tests is possible to avoid testability issues related to dynamic range while enabling testing for UL-CA configurations
Observation 10: To prevent SCell dropping due to a large power reduction, the discussed approach in RAN5 aligns with ongoing discussions in RAN4 that seek to attain the same objective i.e. limit the PCell power. 

Option 1: To prevent SCell dropping due to a large power reduction, configure a power back-off on the PCC power via TPC so that remaining power up to Pcmax is available for Scells. Start with a limited set of test points on MPR CA tests to unblock UL-CA testing.
Option 2: Introduce a conformance test function, for Release 16 testing only, to apply the backoff Xmax,f,Pcell (no impact on prioritization rules) that the UE can apply during the UL-CA conformance tests that are configured to test at max transmit power.
Observation 11: RAN4 solution being worked on in Release 17 with possibility of RAN2 updates
Option 3: Based on the Observation 7 and Observation 11, the option is to wait for RAN4/RAN2 solution in Release 17 (configured power limits for PCell/SCell and MAC-CE for enabling/disabling limits)
Proposal 1: Prefer Option 1 to enable coverage on a limited set of test points for MPR UL-CA tests prior to Release 17
We are open to options 2 and 3 as well based on feedback from other stakeholders on this topic.
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APPENDIX

 A.1 Summary of feedback and Company preferences/support during RAN5#93e 

	Options
	Companies Supporting
[ ] -> not opposed to
	Comments

	Option 1 
     Configure a power back-off on the PCC power via TPC so that remaining power up to Pcmax is available for Scells. Start with one prioritized scenario (For example 2CC 100+100 MHz QPSK modulation) in MPR CA tests to unblock UL-CA testing.

	Huawei, Apple, [Qualcomm], [Ericsson], [DISH]
	Apple associated CR R5-217717 aligned with this option
Pros
       - Aligns with potential solution being discussed in RAN4 (limit PCell power) but accomplishes it with RAN5 test procedure updates
       -  Some test complexity indicated previously (beam peak search) can be resolved via earlier agreements to use PCC based beam peak direction which can be extended to UL-CA, and by limiting test points
-    Applicable from Rel.15 onwards 
Cons
-   Additional analysis needed for some pending testability items and to be captured in Editor’s notes if adopted (MU, power tolerance, stability impact especially with higher # of CCs)

	Option 2 
Introduce a conformance test function, for Release 16 testing only, to apply the backoff Xmax,f,Pcell (no impact on prioritization rules) that the UE can apply during the UL-CA conformance tests that are configured to test at max transmit power.
	[Apple], Qualcomm, Verizon, Anritsu
	Example CR implementation listed in Annex of Discussion Paper.
Pros
     -  Enables use of test function to limit PCell power; while aligning with prioritization rules (as expected by 38.213/real network behavior) and potentially simplifying procedure (Per Ericsson this needs to be investigated as RAN4 approach could be similar and open issues have been identified). 
      -  Applicable in Rel16 and forward
Cons
-  UE tested in “conformance test only” mode not aligned with real network
-  Additional UE implementation of TF. Updates needed across specs other than 38.521-2 (38.508-1, 38.509).


	Option 3
Based on the Observation 7* and Observation 11*, the option is to wait for RAN4/RAN2 solution targeted in Release 17
	Ericsson, DISH
	     - Ericsson CR R5-217652 (RAN4 dependent) was aligned with this option
Pros
      -  Default option. Helps align with way forward from core WG
      -  Long term solution, when available
 Cons
  -    Timeline and RAN4/RAN2 agreements are TBD. No conclusion at RAN4#100 (discussion will continue at RAN4#101-bis). RAN2 discussion pending start.
-  As of now, applicable Rel17 and forward only 
[Ericsson] - although might be early implementable in Rel-16).

	Option4: Implement option1 for Rel 15 and Option2 for Rel16 and forward.
	Orange, [Apple], [Qualcomm]
	Pros
-  Allows test to be completed for Rel16 and above via Option 2 and updated for Rel15 with Editor’s notes capturing pending items for Option 1.
Cons
-   Spec update becomes complicated to manage for two releases. Will need maintenance/update within test case.
-   Device validations will be different in Rel.15 and Rel.16 as test procedure and MU impact is different in each (although one option might potentially have lower MU impact)




 A.2 CR Implementation Examples


OPTION 1 - To prevent SCell dropping due to a large power reduction, configure a power back-off on the PCC power via TPC so that remaining power up to Pcmax is available for Scells. Start with a limited set of test points on MPR CA tests to unblock UL-CA testing.
6.2A.2.1	UE maximum output power reduction for CA (2UL CA)
Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:
-	Measurement Uncertainties and Test Tolerances are FFS for power class 1, 2 and 4.
-	Measurement Uncertainties and Test Tolerances for intra-band contiguous CA supporting aggregated BW > 400MHz and intra-band non-contiguous CA are TBD.
-	Whether to further divide this test case considering the number of DL CC is FFS
· TP analysis needs further update to reflect the selection of applicable cumulative aggregated BW
· Additional TP Analysis needs to be updated to identify suitable test points that mitigate Dynamic Range issues.
-	Following aspects are pending RAN4
	Minimum requirements for cumulative aggregated bandwidth >=800MHz are within brackets
	T(MPR) in 6.2A.4 configured output power is within brackets.
	This test case is incomplete until a suitable solution for preventing SCell drop is implemented in the test procedure.
6.2A.2.1.1	Test purpose
The number of RB identified in 6.2.2.3 is based on meeting the requirements for the maximum power reduction (MPR) due to Cubic Metric (CM).
6.2A.2.1.2	Test applicability
The requirements of this test apply to all types of NR UE release 15 and forward supporting 2UL CA.
6.2A.2.1.3	Minimum conformance requirements
The normative reference for this requirement is TS 38.101-2 [3] clause 6.2A.2.0.
6.2A.2.1.4	Test description
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)
6.2A.2.1.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, and CC combinations based on NR operating bands specified in Table 5.5A.1-1, 5.5A.2-1 and 5.5A.2-2. All of these configurations shall be tested with applicable test parameters for each CA configuration and subcarrier spacing, are shown in table 6.2A.2.1.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
Table 6.2A.2.1.4.1-7: Intra-band Contiguous UL CA Test Configuration Table (Power Class 2, 3 and 4, Non-contiguous allocation)
			Default Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause 4.1
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause 4.3.1.2.3 for different CA bandwidth classes
	Mid range

	Test CC Combination setting (aggregated BW of the CA configuration) as specified in Table 5.5A.1-1, 5.5A.2-1 and 5.5A.2-2 for the CA Configuration across bandwidth combination sets supported by the UE
	Highest aggregated channel bandwidth of the CA configuration

	Test SCS as specified in Table 5.3.5-1
	120 kHz

	Test Parameters

	Test ID
	CC & Mapping
(NOTE 2)
	ChBw(MHz)
	Test frequency
	DL RB allocation
	UL Modulation
	UL RB allocation

	Default Test Settings for a CA_XG, CA_nXO Configuration (Cumulative aggregated BWchannel < 400MHz)

	1
	PCC/CC1
	Default
	Default
	N/A for this
	DFT-s-OFDM QPSK
	Outer_1RB_Left

	
	SCC/CC2
	
	
	test
	DFT-s-OFDM QPSK
	Outer_1RB_Right

	2
	PCC/CC1
	
	
	
	DFT-s-OFDM Pi/2 BPSK
	[Outer_0.9_Left]

	
	SCC/CC2
	
	
	
	DFT-s-OFDM Pi/2 BPSK
	[Outer_0.9_Right]

	3
	PCC/CC1
	
	
	
	DFT-s-OFDM Pi/2 QPSK
	[Outer_0.9_Left]

	
	SCC/CC2
	
	
	
	DFT-s-OFDM Pi/2 QPSK
	[Outer_0.9_Right]

	NOTE 1:	The specific configuration of each RB allocation is defined in Table 6.1-1.
NOTE 2:	PCC/CCi and SCC/CCj means PCC is on component carrier CCi and SCC is on component carrier CCj, with CCi or CCj frequencies defined in TS38.508-1 [10].



1.	Connection between SS and UE is shown in TS 38.508-1 [10] Annex A, Figure A.3.3.1.1 for TE diagram and Figure A.3.4.1.1 for UE diagram.
2.	The parameter settings for the cell are set up according to TS 38.508-1 [10] subclause 4.4.3.
3.	Downlink signals are initially set up according to Annex C.0, C.1 and C.3.0 and TS 38.508-1 [10] subclause 5.2.1.1.1, and uplink signals according to Annex G.0, G.1 and G.3.0.
4.	The UL Reference Measurement channels are set according to Table 6.2A.2.1.4.1-1 to Table 6.2A.2.1.4.1-7.
5.	Propagation conditions are set according to Annex B.0.
6.	Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [10] clause 4.5. Message contents are defined in clause 6.2A.2.1.4.3.
6.2A.2.1.4.2	Test procedure
1.	Configure SCC according to Annex C.0, C.1, C.2 and Annex C.3.0 for all downlink physical channels 
2.	The SS shall configure SCC as per TS 38.508-1 [10] subclause 5.5.1 Procedure to configure SCC(s) for NR RF CA testing. Message contents are defined in subclause 6.2A.2.1.4.3. 
3.	SS activates SCC by sending the activation MAC CE (Refer TS 38.321, 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.2.1.4.1-1 to Table 6.2A.2.1.4.1-7. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
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; Proced until power control has reduced the UE output power by Xmax,i,PCell  dB (defined in clause 6.2A.2.4)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 on SCell only until power on the secondary component carrier equals the target power set on TE defined as (PCMAX minus Xmax,i,PCell) .
	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 on SCell only until power on the secondary component carrier equals the target power set on TE, defined as PCMAX minus Xmax,i,PCell .
79.	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.
810.	Measure UE EIRP in the Tx beam peak direction in the accumulative aggregated channel bandwidth of the radio access mode according to the test configuration, which shall meet the requirements described in 6.2A.2.1.5. 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.
911.	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.
NOTE 2:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.2A.2.1.4.1-1 to Table 6.2A.2.1.4.1-7, send an NR RRCReconfiguration message according to TS 38.508-1 [10] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
<End of Changes>
OPTION 2 - Introduce a conformance test function, for Release 16 testing only, to apply the backoff Xmax,f,Pcell (no impact on prioritization rules) that the UE can apply during the UL-CA conformance tests that are configured to test at max transmit power.
[bookmark: _Toc21026427][bookmark: _Toc27743685][bookmark: _Toc36196829][bookmark: _Toc36197521][bookmark: _Toc43898186][bookmark: _Toc52550677][bookmark: _Toc58952392][bookmark: _Toc68098136][bookmark: _Toc68098409][bookmark: _Toc68360539][bookmark: _Toc76557607][bookmark: _Toc84435499]6.2A.2.1	UE maximum output power reduction for CA (2UL CA)
Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:
-	Measurement Uncertainties and Test Tolerances are FFS for power class 1, 2 and 4.
-	Measurement Uncertainties and Test Tolerances for intra-band contiguous CA supporting aggregated BW > 400MHz and intra-band non-contiguous CA are TBD.
-	Whether to further divide this test case considering the number of DL CC is FFS
· TP analysis needs further update to reflect the selection of applicable cumulative aggregated BW
-	Following aspects are pending RAN4
	Minimum requirements for cumulative aggregated bandwidth >=800MHz are within brackets
	
	
6.2A.2.1.1	Test purpose
The number of RB identified in 6.2.2.3 is based on meeting the requirements for the maximum power reduction (MPR) due to Cubic Metric (CM).
6.2A.2.1.2	Test applicability
The requirements of this test apply to all types of NR UE release 15 and forward supporting 2UL CA.
6.2A.2.1.3	Minimum conformance requirements
The normative reference for this requirement is TS 38.101-2 [3] clause 6.2A.2.0.
6.2A.2.1.4	Test description
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)
6.2A.2.1.4.1	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, and CC combinations based on NR operating bands specified in Table 5.5A.1-1, 5.5A.2-1 and 5.5A.2-2. All of these configurations shall be tested with applicable test parameters for each CA configuration and subcarrier spacing, are shown in table 6.2A.2.1.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.
<Unchanged Sections Skipped>
6.2A.2.1.4.2	Test procedure
1. 1.	Configure SCC according to Annex C.0, C.1, C.2 and Annex C.3.0 for all downlink physical channels 
2.	The SS shall configure SCC as per TS 38.508-1 [10] subclause 5.5.1 Procedure to configure SCC(s) for NR RF CA testing. Message contents are defined in subclause 6.2A.2.1.4.3. 
3.	4.	SS applies Xmax,i,PCell  by performing the PCELL POWER LIMIT REQUEST procedure as specified in TS 38.508-1 clause [TBD]. UE shall transmit PCELL POWER LIMIT RESPONSE to SS.
4.  SS activates SCC by sending the activation MAC CE (Refer TS 38.321, clauses 5.9, 6.1.3.10). Wait for at least 2 seconds (Refer TS 38.133[25], clause 9.3).
45.	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.2.1.4.1-1 to Table 6.2A.2.1.4.1-7. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC.
56.	Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
67.	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. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
78.	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.
89.	Measure UE EIRP in the Tx beam peak direction in the accumulative aggregated channel bandwidth of the radio access mode according to the test configuration, which shall meet the requirements described in 6.2A.2.1.5. 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.
910.	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.
NOTE 2:	When switching to DFT-s-OFDM waveform, as specified in the test configuration table 6.2A.2.1.4.1-1 to Table 6.2A.2.1.4.1-7, send an NR RRCReconfiguration message according to TS 38.508-1 [10] clause 4.6.3 Table 4.6.3-118 PUSCH-Config with TRANSFORM_PRECODER_ENABLED condition.
OPTION 3 -: Based on the Observation 7 and Observation 11, the option is to wait for RAN4/RAN2 solution in Release 17 (configured power limits for PCell/SCell and MAC-CE for enabling/disabling limits)
Found in R5-217652
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