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Introduction
Testability as one of the RAN4 objective has been discussed in last RAN4 meeting, and the following aspects relevant are captured in the WF [1]:
Issue 2-2-1: Performance metric for REFSENS
Agreement: 
· Use X% missed detection rate as the starting point for performance metric for LP-WUS RF requirements
· FFS on X values
· FFS on whether to have false alarm rate

Issue 2-6-1: Test metric for LP-WUR receiver
Way forward: 
· Test metric should be aligned with performance metric for Rx requirements 
This paper provides further consideration on the testability issue.
Discussion
Test under different RRC states
From the study in RAN1, LP-WUS can operate in both RRC_IDLE/INACTIVE and RRC_CONNECTED modes. The following assumption and agreement are excerpted from RAN1#116b report.
	Working Assumption on LP-WUS operation in IDLE/INACTIVE mode 
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.

Agreement on LP-WUS operation in CONNECTED mode
· For RRC CONNECTED mode, from RAN1 perspective, further study following LP-WUS procedures to trigger PDCCH monitoring:
· Case 1: PDCCH monitoring is triggered by LP-WUS with C-DRX configuration
· Option 1-1: LP-WUS monitoring according to the LP-WUS monitoring configuration before drx-onDurationTimer to trigger the starting of the drx-onDurationTimer.
· This option may replace DCP functionality
· Option 1-2: LP-WUS monitoring outside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· PDCCH monitoring possibly irrespective of drx-onDurationTimer
· Option 1-2-1: PDCCH monitoring may be additionally triggered based on legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· If this is adopted, it should be configured together with Option 1-1 to achieve power saving gain compared to legacy C-DRX
· Option 1-2-2: PDCCH monitoring is not triggered by legacy C-DRX cycle and drx-onDurationTimer when monitoring LP-WUS
· Option 1-3: LP-WUS monitoring inside at least legacy C-DRX active time according to the LP-WUS monitoring configuration to trigger PDCCH monitoring.
· Case 2: PDCCH monitoring is triggered by LP-WUS without C-DRX configuration. LP-WUS can be monitored at any time according to the LP-WUS monitoring configuration
· FFS duty-cycled and/or continuous LP-WUS monitoring
· Combination of options in Case 1 and combination of options in Case 1 and Case 2 are not precluded should be considered.
· RAN1 does not discuss C-DRX related timers other than drx-onDurationTimer, this topic is up to RAN2
· Note: Above does not preclude to support fallback mechanism to trigger PDCCH monitoring, if any


It is noted that the process for LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode are different. According to the progress in RAN1, though it is still under discussion, most likely the LP-WUS signals could be different for these modes. In such case, decoding of LP-WUS would also be different. In addition, supporting IDLE/INACTIVE mode and CONNECTED mode is based on UE capabilities, which means a UE supporting LP-WUS operation in IDLE/INACTIVE mode does not necessarily to support operation in CONNECTED mode, and vice versa. Therefore, to cover the completed operation scenarios, test cases should be designed for both IDLE/INACTIVE mode and CONNECTED mode. 
Observation 1: LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode are discussed in RAN1. The LP-WUS signals could be different for these modes, which is still under discussion.
Proposal 1: Test cases should be designed separately LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode since the procedures are different and the LP-WUS signals could be different for these modes.
To continue the discussion of the testability issue, we can go through the LP-WUS procedure firstly. 
In RRC_IDLE and RRC_INACTIVE states, with LP-WUS/WUR, the Main Receiver (MR) of a UE could enter ultra-deep sleep state, which denotes a state when the MR may sleep or turn off. After waking up by LP-WUS, the legacy paging monitoring procedure could be triggered for the main receiver. That is, if the UE detects LP-WUS it would start up its main receiver to monitor legacy paging, i.e., the PDCCH scheduling of the paging message on PDSCH, and at first after finding its own PagingRecord in the paging message the UE could determine that it is being paged. 
For legacy UE in RRC_CONNECTED state, it should keep MR monitoring PDCCH in C-DRX active time, if C-DRX is configured, also when there is nothing scheduled for the UE. For a UE equipped with LR, the MR can be in a sleep state while the LR remains active to monitor Low-Power Wake-Up Signal (LP-WUS), and when LP-WUS is received by LR, it will trigger the MR to wake up to monitor PDCCH. The MR sleep states considered for LP-WUS/WUR evaluation in RRC_CONNECTED are the same as for baseline: deep sleep state with a 20 ms transition time, light sleep state with a 6 ms transition time, or micro sleep without any transition time, as described TR 38.840. Ultra-deep sleep state is not considered for LP-WUS/WUR in RRC_CONNECTED state as a 400 ms transition time is too long to allow the MR to be ready for PDCCH monitoring from the ultra-deep sleep state considering the traffic requirements for NR. 
Compared to the procedures of LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode, it can be seen that when MR is wakened up and after UE receiving its PO, the timing or transition time that the UE could feedback to NW could be quite different for IDLE/INACTIVE mode and CONNECTED mode. The former one could be hundreds of ms and the latter one would be in tens of ms. Then during the test, whether to proceed with completed procedure after waking up of MR and provide ACK in the connected mode should be discussed. Besides the long period for one qualified test with completed procedure for received LP-WUS with sub-group ID/UE_ID the UE under test, one potential risk is that if the UE does not enter into the sleep mode of MR and always use MR to receive the PO/PEI or monitoring PDCCH, then it’s indeed not the test for LR and no way to distinguish the LR is not operating properly. Therefore, we think that just consider the detection rate and count the number of correct detections rather than waking up the MR to complete the procedure would be sufficient. Similar case can be found in RAN5 spec for Sidelink Packet Counter reporting procedure [2], by which the SS uses the procedure to request reporting of current NR sidelink related state variables. 
Observation 2: LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode depends on UE capability, which means UE may not support both modes.
Observation 3: Test with complete procedure of waking up MR and report ACK in connected mode is not only time consuming but could also incur fake detection with MR is always on.
Proposal 2: Counter the detection rate without waking up the MR would be enough for the LP-WUS test in terms of verifying the RF requirements.
As for false alarm rate, we think it should be considered in the conformance test. For the LP-WUS signals, the ones without sub-group ID/UE_ID should not be detected by the specific UEs. Regarding the details on how to design the test cases, e.g. whether sending the LP-WUS with random sub-group ID/UE_ID or different batchs with specific ID or without ID can be left to RAN5. 
It is noted that during the SI study, RAN1 uses both 0.1% and 1% false alarm rate while just 1% for the detection rate in the evaluation. We think that too stringent false alarm rate may not be necessary. The consequence of false detection just results more power consumption by waking up the MR, but it may not be as serious as the detection rate, since missing the detection means the UE may miss the paging information, which would have impact on the expected scheduling for the said UE. Thus, loose false alarm rate could also be considered, e.g. 10%. At least, 1% could be considered for both detection rate and false alarm rate.
Proposal 3: False alarm rate should be considered for the LP-WUS test. 
Proposal 4: Consider 1% as value for both detection rate and false alarm rate. 
Proposal 5: Leave the details of test cases design to RAN5.
Test mode
[bookmark: _GoBack]As preliminarily discussed in [4], we think test mode should be introduced for the LP-WUS test. Normally, the test mode is set under connected mode. However, test mode can also be used in non-connected mode, e.g. V2X UE in out-of-coverage state, and the scenario of beam correspondence in initial access which is under discussion in RAN5. 
After setting up the test mode in connected mode, when the UE enters into the IDLE/INACTIVE mode, with analysis above in section 2.1, the UE can record the detection rate and false alarm rate then report the rates to TE when the UE enter back to the connected mode. In our view, the test mode as well as the details of the test mode can also be left to RAN5.
Proposal 6: Test mode as well as the details of test mode for LP-WUS verification can be left to RAN5.
Conclusion
This contribution provides our further consideration on the testability issue for LP-WUS. 
Observation 1: LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode are discussed in RAN1. The LP-WUS signals could be different for these modes, which is still under discussion.
Proposal 1: Test cases should be designed separately LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode since the procedures are different and the LP-WUS signals could be different for these modes.
Observation 2: LP-WUS operation in IDLE/INACTIVE mode and CONNECTED mode depends on UE capability, which means UE may not support both modes.
Observation 3: Test with complete procedure of waking up MR and report ACK in connected mode is not only time consuming but could also incur fake detection with MR is always on.
Proposal 2: Counter the detection rate without waking up the MR would be enough for the LP-WUS test in terms of verifying the RF requirements.
Proposal 3: False alarm rate should be considered for the LP-WUS test. 
Proposal 4: Consider 1% as value for both detection rate and false alarm rate. 
Proposal 5: Leave the details of test cases design to RAN5.
Proposal 6: Test mode as well as the details of test mode for LP-WUS verification can be left to RAN5.
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