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1 Introduction

At RAN5#90e meeting (Feb -21) the issue with SCell dropping affecting UL CA test cases was brought to the attention of RAN5 in an LS [1]. During last year the topic has been under discussion in RAN5 without reaching agreement on a solution. The status of the topic after last RAN5 meeting is summarised in [5], with the following identified options:

	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)


This paper provides a more detailed analysis of options 2 and 3.  
2 Discussion

2.1 UE power control behaviour
In [5] a proposal on how to design a test case to avoid SCell drop by signalling a power backoff value Xmax,f,Pcell for the PCell to the UE by using RAN5 defined test mode function (option 2). The idea is that by backing off PCell power power is left for the SCell and therefore avoiding the need of power prioritization as per RAN1 rules. 

However, this solution will not guarantee that SCell is not dropped since the UE may still consider itself power limited. This is also being discussed in RAN4 leading to the RAN4 based solution proposal in [6] (option 3). 
[image: image1.png]Limit on both cells, dropping will not occur

, UEoutput power (PSD)

P, “powerclass | 3
Total power back-off < MPR

Pawax v

, APawas ren= Poyaxgscer=3 dB

PCell Scell
PUSCH PUSCH

BW BW
* The actual UE back-off can be any value, both cells are still 3 dB below, works for both FR1 and FR2




Figure 1: Illustration of power limitation for PCell and SCell, from [6]
Observation 1: Both with option 2 and option 3, the main difficulty is how to configure the UE to avoid Scell drop while keeping the UE power control behaviour intact. 

Observation 2: Both with option 2 and option 3, the new parameters signalled to the UE need to be incorporated into the configured power calculation in the UE. Otherwise, the UE behaviour is unspecified and cannot be tested. This means there will still be RAN4 impact since RAN5 don’t have the mandate to modify core requirements.
Observation 3: Both with option 2 and option 3, similar power backoff parameters need to be signalled to the UE, meaning the complexity of both options will be similar. It is therefore not realistic to hope that option 2 will be significantly easier and faster to implement in RAN5 test cases than option 3.

2.2 Signalling aspects and RAN5 specifications impact
The new parameter to configure the UE with power margins to avoid SCell drop can be supplied either by regular RRC signalling defined by RAN2 in TS38.331 (option 3), or by test mode signalling defined by RAN5 in TS38.509 (option 2). 
2.2.1 RAN2 signalling - Option 3
A new message exception is needed in the test case, for example:

Table 6.2A.1.1.1.4.3-1: ServingCellConfig (for PCell and SCell)

	Derivation Path: TS 38.508-1 [10] Table 4.6.3-167

	Information Element
	Value/remark
	Comment
	Condition

	ServingCellConfig ::= SEQUENCE {
	
	
	

	  uplinkConfig SEQUENCE {
	
	
	

	    [deltaPcmaxfc]
	10log( ceil(CBW/BW_agg) )
	CBW: Channel BW of cell to be configured

BW_agg: Aggregated BW across all CCs
	

	  }
	
	
	

	}
	
	
	


In RAN4 it is being discussed how to dynamically enable and disable the limitation since RRC signalling may be too slow for it to be useful in the field. This could be through DCI or MAC-CE signalling. Once RAN4 have decided on the mechanism it needs to be introduced as a step in the test procedure.
2.2.2 RAN5 signalling - Option 2 
In TS38.521-2 new test steps are needed in the test procedure to activate and deactivate the new test functions
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 [28], 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. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.

5b. SS activates the [UE Power Limitation Test Function] by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.X for both PCC and SCC setting the parameter deltaPcmaxfc=10log( ceil(CBW/BW_agg) ).
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. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE Tx beam selection to complete.
7.
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.

8.
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.

9.
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.

9b.
SS deactivates the [UE Power Limitation Test Function] by performing the procedure as specified in TS 38.508-1 [10] clause TBD.
10.
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.
In TS38.508-1 the new procedures for activating and deactivating the test function need to be added. An activation example is shown below.
4.9.X
Test procedure to activate UE Power Limitation Test Function (UPLF)

4.9.X.1
Initiation

UE is operating in FR2 in RRC_CONNECTED state.

4.9.X.2
Procedure

Table 4.9.2.2-1: Test procedure Sequence

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message/PDU/SDU
	
	

	1
	SS request UE to activate UE Power Limitation function.
	<--
	APPLY POWER LIMIT REQUEST
	-
	-

	2
	UE confirms that UE Power Limitation function is activated
	-->
	APPLY POWER LIMIT RESPONSE
	-
	-


4.9.X.3
Specific Message contents

Table 4.9.X.3-1: APPLY POWER LIMIT REQUEST
	Derivation Path: 38.509 clause 6.4.X

	Information Element
	Value/remark
	Comment
	Condition

	Protocol discriminator
	1 1 1 1
	
	

	Skip indicator
	0 0 0 0
	
	

	Message type
	TBD
	
	

	UE Power Limit Function
	X X X X X  0 0 1
	
	PCell

	UE Power Limit Function
	X X X X X  0 1 0
	
	SCell1

	UE Power Limit Function
	X X X X X  0 1 1
	
	SCell2

	UE Power Limit Function
	X X X X X  1 0 0
	
	SCell3

	deltaPcmax
	X X X X X
	
	Power limitation value to use


	Condition
	Explanation 

	PCell
	Activation UE power limitation function for PCell 

	SCell1
	Activation UE power limitation function for SCell1 

	SCell2
	Activation UE power limitation function for SCell2

	SCell3
	Activation UE power limitation function for SCell3


Table 4.9.2.3-2: APPLY POWER LIMIT RESPONSE
	Derivation Path: 38.509 clause 6.4.Y

	Information Element
	Value/remark
	Comment
	Condition

	Protocol discriminator
	1 1 1 1
	
	

	Skip indicator
	0 0 0 0
	
	

	Message type
	TBD
	
	


An issue that needs to be resolved in the 38.508-2 example above is how to map Scell1, 2,3 etc to the correct cell in the UE. Since the BW might be different per cell there is also a need to signal different limitation values.

In TS38.509 the new test mode function also needs to be specified in detail, which is not covered in this paper.
3 Conclusions
Proposal 1: With both option 2 and 3 there is RAN4 dependency to update the UE configured power requirements in 38.101-2, clause 6.2A.4 
Proposal 2: Considering the RAN4 impact for both option 2 and option 3, option 3 is preferrable since it does not introduce unnecessary UE implementation and it is available to real networks and not just for conformance testing.
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