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1. Introduction
In RAN5#90e, LS from RAN4 on this issue was received[1].
---- Extract from LS to RAN5 ----
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.
----
And, following action item was made and RAN5 calls for the test procedure which cater for Scell drop scenario. We provide our view on the test procedure to cater for this issue.
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2. Discussion
2.1 Test Cases which use maximum power condition
Followings are the test cases which uses maximum power condition as of the 38.521-2 v16.7.0 : i.e. send TPC up command until UE reaches its maximum output power (PUMAX). These test cases are potentially affected by the SCell drop issues.
· (General) Tx Beam Peak Direction search (K1.1.)
· MOP(EIRP/TRP/Spherical Coverage)/MPR/A-MPR
· ON/OFF Time Mask (Under discussion)
· Frequency Error
· EVM/EVM flatness
· OBW
· SEM
· ACLR
· Tx Spurious Emission (General, Co-exist, A-Spur)
· Beam Correspondence
Some Rx tests may use maximum UL power as a side condition, but we here focus on the Tx test cases.

2.2 Possible solutions
RAN5 already discussed some of the candidate solutions for this issue. There will be roughly 3 option.
[bookmark: options]Option 1 ) TE adjusts the per CC power using TPC command to prevent SCell drop and make the PSD of CCs nearly equal
Option 2 ) Perform the test even if Scell drop happens (keep the current way)
Option 3) Introduce test mode / signaling (e.g. set to its maximum power while disabling Scell drop etc…)
	
	Option 1 : TE performs power adjustment to prevent scell drop
	Option 2 : Test with scell drop
	Option3 : Test mode / signaling to prevent scell drop

	Pros
	Test can be performed with valid CA state
	No change is needed 
Test condition is same as the real field behavior.
	No impact for total test time.

	Cons
	Introduce complexity to test procedure and test system, longer test time and uncertainty. (Feasibility analysis is provided in section 2.3).
	Test may not be performed with valid CA state (but still conformant behavior)
	Already released UE does not support new test mode.


From TEV PoV, we do not have strong concern for Option 2 and Option 3. Especially, if some test mode is introduced, then it can be a best option from test time and test procedure complexity PoV.
[bookmark: o1]Observation 1 : From test time and test procedure complexity PoV, Option 3 is preferred option
Note that there were already some discussions in RAN4, to introduce new signaling to prevent scell drop (R4-2101772) from Rel-17. If we introduce test mode/signaling for the early release UE, the similar kind of feature which will be introduced officially in the near future is desired.
[image: ]
Figure 4.1: UL intra-band contiguous CA in FR2 with a relative power limitation on the PCell.

2.3 Feasibility analysis on Option 1 (TE performs power adjustment to prevent Scell drop)
In this section we provide the feasibility analysis for Option 1. 
Graduality of performing power adjustment 
The SCell drop can happen when the total transmission power surpasses the Pcmax(UE internal value).  Pcmax depends the back-off from the minimum peak EIRP (Ppowerclass), which is MPR. Hence, if the test point has different MPR, we need to repeat the power adjustment process, which can lead to much long test time.
[bookmark: o2]Observation 2: Power adjustment process needs to be repeated for different MPR case (i.e different RB , wave form, modulation). That means, we need to repeat the power adjustment process for almost all the test point, which results in explosion in test time.
Observation 1 would be convincible enough to judge the TE based power control is infeasible from test time PoV. If we restrict the test point to be tested with equal PSD condition, then we still have a chance.

Objective of power adjustment
There are some options for objectives to be realized by power control from TE.
1)  Maximize  
2) Equal PSD (e.g. )   
3) Else (e.g. weighted 1) and 2)  )
We here assume the metric with Equal PSD ( option 2) ) taking the sentence from RAN4 LS as is, while it is not clear whether it really gives maximum power.
[bookmark: o3]Observation 3: Equal PSD can be an objective of power adjustment process considering the RAN4 ‘s indication although no clear guarantee that power becomes maximum.

Beam peak search procedure
Before the test is executed, we need to perform beam peak search with CA state unless UE vendor declaration of reusing the beam peak result from single carrier is provided. 
As beam peak search procedure is time consuming process, it is not realistic that we expand the search space further more(adding one dimension for search space will cause several hours longer test time). 
The difficult point is that even if TE controls each CC power and so that the PSD of each CC is nearly equal, such power control is valid only at that direction. Once the direction is changed, then Scell may drop again. This will happen especially if new test direction has less antenna gain and UE tries to compensate it by boosting the UL power and Scell is deprioritized. 
Apparently, repeating power adjustment process for all the directions (several hundreds) will not be realistic from test time PoV.
[bookmark: o4]Observation 4 : Even if Scell drop is prevented by power adjustment process for certain direction, changing the test direction will lead to Scell drop again. 
[bookmark: o5]Observation 5 : Doing the power adjustment for every directions is not realistic from test time PoV.
[bookmark: p1]Observation 6 : Even if Option 1 is adopted, Scell drop  cannot be avoided in beam peak search procedure.

Power adjustment procedure to prevent Scell drop and make nearly equal PSD condition
This procedure is performed at the beam peak direction identified by beam peak search procedure as proposed in Proposal 1. Before going to the procedure details,  we need to make some assumptions.
[bookmark: assumptions]Assumption 1 : PSD of all “SCCs” becomes close each other when they are not dropped 
Assumption 2 : Equal PSD state is steadily kept once it is established by power adjustment process and UBF-ed even if direction is changed. 
If assumption 1 does not hold, then we feel the procedure becomes too complicated i.e. we need also alter TPC of each SCCs which expand the search space siginicantly.
If assumption 2 does not hold, then at least we need large margin to compensate such instability. Note that large margin means we reduce the total power, hence it is questionable if we can say it is “maximum power” condition. At least for MOP test case, where maximum power itself is measurement target, it will not be a valid test condition.
[bookmark: o6]Observation 7 : If Assumption 1 and Assumption 2 do not hold, Option 1 will become infeasible.

With the similar reason as beam peak search, Scell drop cannot be avoided for spherical coverage test.
[bookmark: p2]Observation 8 : Even if Option 1 is adopted , SCC drop cannot be avoided for spherical coverage test except for the beam peak direction 

When all above assumptions and proposal are OK, then following will be one of the feasible method to make equal PSD state.
[bookmark: o7][bookmark: procedureA]Observation 9 : Following is the one possible framework of the procedure
---------------------------
1. Send TPC up command for all the CCs (Normally, SCell drop happens)
2. Measure EIRP_pcc, EIRP_scc1, 
3. EIRP_scc2, … EIRP_sccm  (total component of EIRP) (NOTE1)
4. Calculate PSDc = EIRPc - 10log10(Carrier BandWidth)
5. Calculate PSDmean = 1/Ncc * 10log10 ( 10^PSD_pcc/10+ 10^PSD_scc1/10+ … + 10^PSD_sccm/10)
6. If  for all c
6.1 For Peak EIRP, fix Peak EIRPtotal = 10log10( 10^EIRP_pcc/10 + 10^EIRP_scc1/10 + .. + 10^EIRP_sccm/10). 
6.2 For TRP and spherical coverage, proceed to normal TRP and spherical coverage measurement procedure.
7. Else
7.1 If EIRP_pcc > EIRP_scc + H, Send TPC down to PCC, otherwise send TPC up to PCC. 
7.2 Repeat from 1.
NOTE1 : Multiple SCCs can be measured as a whole in that case EIRP_c, PSD_c and Carrier BW will be defined for that group of SCCs.
---------------------------
Although Y=0 is the ideal value, it is apparently not possible due to uncertainties, instability of both TE and UE side. It needs careful study.
[bookmark: o8]Observation 10 : Y=0 is not possible due to uncertainties, instability of both TE and UE side. Need to study which is the reasonable value of Y, and if it is found large, then it is questionable if it is meaningful to test with such condition.

3. Conclusion
Following can be a candidate solutions.
Option 1 ) TE adjusts the per CC power using TPC command to prevent SCell drop and make the PSD of CCs nearly equal
Option 2 ) Perform the test even if Scell drop happens (keep the current way)
Option 3) Introduce test mode / signaling (e.g. set to its maximum power while disabling Scell drop etc…)
Following observations are made.
Observation 1 : From test time and test procedure complexity PoV, Option 3 is preferred option
Observation 2: Power adjustment process needs to be repeated for different MPR case (i.e different RB , wave form, modulation). That means, we need to repeat the power adjustment process for almost all the test point, which results in explosion in test time.
Observation 3: option 2) can be an objective of power adjustment process considering the RAN4 ‘s indication although no guarantee that power becomes maximum.
Observation 4 : Even if Scell drop is prevented by power adjustment process for certain direction, changing the test direction will lead to Scell drop again. 
Observation 5 : Doing the power adjustment for every directions is not realistic from test time PoV.

Observation 6 : Even if Option 1 is adopted, Scell drop  cannot be avoided in beam peak search procedure.
Observation 8 : Even if Option 1 is adopted , SCC drop cannot be avoided for spherical coverage test except for the beam peak direction 

One candidate procedure is provided based on the following assumptions.

Assumption 1 : PSD of all “SCCs” becomes close each other when they are not dropped 
Assumption 2 : Equal PSD state is steadily kept once it is established by power adjustment process and UBF-ed even if direction is changed. 

Observation 7 : If Assumption 1 and Assumption 2 do not hold, Option 1 will become infeasible.
Observation 8 : Following is the one possible framework of the procedure

Following can be a one feasible procedure based on Assumption 1 and 2 holds.
Observation 9 : Following is the one possible framework of the procedure
---------------------------
8. Send TPC up command for all the CCs (Normally, SCell drop happens)
9. Measure EIRP_pcc, EIRP_scc1, 
10. EIRP_scc2, … EIRP_sccm  (total component of EIRP) (NOTE1)
11. Calculate PSDc = EIRPc - 10log10(Carrier BandWidth)
12. Calculate PSDmean = 1/Ncc * 10log10 ( 10^PSD_pcc/10+ 10^PSD_scc1/10+ … + 10^PSD_sccm/10)
13. If  for all c
13.1 For Peak EIRP, fix Peak EIRPtotal = 10log10( 10^EIRP_pcc/10 + 10^EIRP_scc1/10 + .. + 10^EIRP_sccm/10). 
13.2 For TRP and spherical coverage, proceed to normal TRP and spherical coverage measurement procedure.
14. Else
14.1 If EIRP_pcc > EIRP_scc + H, Send TPC down to PCC, otherwise send TPC up to PCC. 
14.2 Repeat from 1.
NOTE1 : Multiple SCCs can be measured as a whole in that case EIRP_c, PSD_c and Carrier BW will be defined for that group of SCCs.
---------------------------
Observation 10 : Y=0 is not possible due to uncertainties, instability of both TE and UE side. Need to study which is the reasonable value of Y, and if it is found large, then it is questionable if it is meaningful to test with such condition.
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