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1	Introduction
Starting from RAN4#97e eMIMO performance discussion, RAN4 discussed on whether and how to define the test case for PL-RS switching delay requirement. In the following meetings, RAN4 reached consensus that RAN4 would define the test provided that the requirement is testable and feasible test method is proposed. 
In the last meeting, following agreement is captured in the agreed WF [1]:
	Test Case for Pathloss RS Activation Delay 
Agreement:
Test Case for Pathloss RS Activation Delay 
· Further study the test method of PL RS activation delay requirement
· FFS on feasible test method design.
· Companies are encouraged to provide analysis of technical issues on PHR-based test method and corresponding solutions for the test design.



On this basis, we would like to discuss on the test method for PL-RS Switching Delay and identify the issues to be resolved, especially for summarizing the identified issues in previous meeting.
2 Discussion
In the past meeting, some companies proposed an approach to test the PL-RS switching delay requirement that using PHR trigger to test whether PL-RS is switched by UE PL measurements [2]. The theory is when UE detects the changing of PL-RS is beyond a predefined threshold, a PHR will be triggered and reported to gNB, as captured below [3]:
	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
NOTE 1:	The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331.
-	phr-PeriodicTimer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink of which firstActiveDownlinkBWP-Id is not set to dormant BWP;
-	addition of the PSCell (i.e. PSCell is newly added or changed);
-	phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1, TS 38.101-2, and TS 38.101-3) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.
-	Upon change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink.
NOTE 2:	The MAC entity should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,f,c/PH when a PHR is triggered by other triggering conditions.
NOTE 3:	If a HARQ process is configured with cg-RetransmissionTimer and if the PHR is already included in a MAC PDU for transmission by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.


Base on this mechanism, a PHR-based test method is proposed. However, after the discussion during last meeting, some issues still need to be solved before RAN4 define the test case. In this contribution, we will discuss on these issues of PHR-based test method in addition to what has been proposed and discussed in previous meeting.
The first issues is, according to RAN2 spec, PHR is triggered by the PL changing between the calculated RS and the PL reported in the last PHR. Hence, in this test, if PHR-based test method is used, at least to PHR reporting is required. The first PHR could be triggered by gNB and then the second PHR could be triggered by the changing measured PL values. Between the two PHR reporting, gNB changes the RS with different transmitting power.
Then second issue is the necessary condition for reporting PHR. As RAN2 specified, PHR is a L2 uplink reporting. Thus in order to report PHR, an uplink grant from gNB is required. When gNB switches the reference signal of UE, gNB should scheduling an uplink grant for the UE. Since the very high priority of PHR, as long as uplink grant is received, PHR reporting can be secured without extra waiting delay.
And the third issue is the transmitting power of different PL RSs and the configuration of PHR triggering threshold. As defined in RAN2 spec, a threshold will be defined and if the PL changing larger than the threshold is detected, PHR reporting will be triggered. But considering the accuracy of RSRP measurement, the threshold should not be too small that the inaccurate measurement may accidently trigger the PHR. On the other hand, the transmitting power difference between the two PL RSs cannot be too small considering the influence of measurement accuracy.
The forth issue is to figure out whether L1-RSRP or L3-RSRP is used for calculating the PL of L2 PHR reporting. According to current RAN1 spec, L3-RSRP is more likely to be used. If L3-RSRP is used for calculating the PL of PHR reporting, the additional filtering time for L3-measurement may be taken into consideration. Since the L3-filtering time could be configured by RRC, it might need to be specified in the test.
In the last meeting, ZTE provide their solution to L3 filtering issue that configure the filtering parameter as 0, it seems a plausible way to avoid the delay caused by RSRP L3 filtering.
Fifth, it seems RAN4 do not have a test case to test whether the PHR can be triggered correctly. It may cause issues in the PHR-based test method. But since the test device only need to receive the PHR after all, whether the PHR test case is necessary is still a question to be studied.
The sixth issue is how to set the connection between a pathloss RS switching and a PHR report need to be clarified in the test setup. Similar as the fifth issue that a baseline PHR report test may need to be defined to further verify this connection, or fixing other parameters to secure the connection.
In addition to the issues above, companies has analyzed and discussed in previous meeting more issues which are identified for the test method. Based on the contribution in history, some of them could summarized as the table below.

Observation 1: Potential issues identified for PHR-based test method are listed as followings.

Table: Potential Issues Identified for the PHR-based Test Method
	No.
	Problems/Issues Identified

	#1
	Pathloss is based on L3 filtered RSRP, it may have impact on test. 

	#2
	In a testcase both delay and accuracy requirements should be verified, but we do not have L3-RSRP or PHR accuracy and may need additional efforts. 

	#3
	At least two PHR reporting is needed in the test, for RSRP comparison. 

	#4
	Uplink grant is needed right after the RS switching signaling for the PHR reporting. 

	#5
	RSRP measurement accuracy should be taken into account for the setting the value of threshold and the transmitting power of the two PL RSs.

	#6
	How to set the connection between a pathloss and a PHR report need to be clarified in the test setup.

	#7
	The expected PHR value which is calculated based on the target pathloss-RS needs to be clarified in the test setup.

	#8
	Parameters for PUSCH transmission power control need to be configured or clarified in the test setup.



For all the issues above mentioned and other issues not discussed, we must check them whether they are valid issues to be solved and the test case design can solve these issues. The PHR-based test method can be used for PL RS switching delay test provided that all the valid issues are resolved in the test case.

Proposal 1: For defining a PL RS switching delay test through PHR-based test method, all the valid issues should be resolved in the test case. RAN4 could reach the conclusion on which issues are valid and then study on the corresponding solutions to the valid issues.

3 Conclusion
In this paper, we discussed remaining issue existing in the PHR-based test method for PL-RS switching delay and how to move forward, with following observation and proposal:
Observation 1: Potential issues identified for PHR-based test method are listed as followings.
	No.
	Problems/Issues Identified

	#1
	Pathloss is based on L3 filtered RSRP, it may have impact on test. 

	#2
	In a testcase both delay and accuracy requirements should be verified, but we do not have L3-RSRP or PHR accuracy and may need additional efforts. 

	#3
	At least two PHR reporting is needed in the test, for RSRP comparison. 

	#4
	Uplink grant is needed right after the RS switching signaling for the PHR reporting. 

	#5
	RSRP measurement accuracy should be taken into account for the setting the value of threshold and the transmitting power of the two PL RSs.

	#6
	How to set the connection between a pathloss and a PHR report need to be clarified in the test setup.

	#7
	The expected PHR value which is calculated based on the target pathloss-RS needs to be clarified in the test setup.

	#8
	Parameters for PUSCH transmission power control need to be configured or clarified in the test setup.


Proposal 1: For defining a PL RS switching delay test through PHR-based test method, all the valid issues should be resolved in the test case. RAN4 could reach the conclusion on which issues are valid and then study on the corresponding solutions to the valid issues.
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