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1.	Introduction
In RAN4#110bis meeting, the UE RF requirements for LP-WUR were initially discussed. For REFSENS, there is some convergence on performance metric and approach how to specify REFSENS requirements [1, R4-2406619].
	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 2-2-2: How to specify REFSENS requirements
Agreement: 
· Reuse legacy approach to derive REFSENS, further discuss SNR, NF, IM
· FFS whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target
· Side condition for REFSENS test: DL test signal will only have LP-WUS signal. 



In this contribution, we further discuss the REFSENS requirements focusing on above issues.
2. 	Discussion
Instead of 95% throughput, X% missed detection rate is agreed as starting point for performance metric for LP-WUS UE RF requirements. Besides missed detection rate, false alarm rate was also mentioned in last meeting. Usually there is balance between missed detection rate and false alarm rate even the UE’s hardware performance is the same. On the other hand, missed detection is critical for the whole communication system while false alarm is not so essential but only impacts power consumption of UE itself. If the false alarm performance can be directly or indirectly verified separately, it would make the REFSENS requirement derivation and test procedure design more simplified. In that sense, missed detection rate can be taken as sole performance metric if false alarm performance can be directly or indirectly verified separately.
Proposal 1:	missed detection rate can be taken as sole performance metric if false alarm performance can be directly or indirectly verified separately
Regarding the approach how to specify REFSENS requirements, in last meeting two approaches were discussed, one approach is to derive REFSENS based on UE receiver performance, the other approach is to determine REFSENS according to coverage target. It was agreed to derive REFSENS reusing legacy approach based on SNR, NF, IM of receiver, and further study whether to design REFSENS requirements or other requirements to ensure LP-WUR meet the coverage target. 
In our view REFSENS is only one of the factors to achieve the coverage target. The coverage target is a system level target and it can be compensated by other schemes such as signal repeatability. But for hardware perspective, once the architecture is confirmed, there is no much flexibility to tune the REFSENS performance. Based on above consideration, we think the REFSENS requirements can be derived only based on legacy approach, and the coverage target is not necessary to be considered as long as the architecture assumption is reasonable. The coverage target can be ensured by other requirements besides REFSENS.
Proposal 2:	the REFSENS requirements can be derived only based on legacy approach, and the coverage target is not necessary to be considered as long as the architecture assumption is reasonable
Then it is necessary to look into detailed architecture assumption for OOK-based receiver and OFDM-based receiver respectively. One common issue was identified in our previous contribution [2, R4-2404589], antenna sharing/switching architecture is necessary to support RRM offloading from MR to LR for both OOK-based receiver and OFDM-based receiver. The illustration of antenna sharing/switching is re-produced in Figure 1.
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Figure 1. Different UE antenna architectures (RF front end)
(a) LR with separate antenna from MR
(b) LR with one shared antenna of MR
(c) LR with two shared antennas of MR
The agreements with regard to antenna architecture consideration are as following: [1]
	Issue 2-2-4: How to decide NF value (not requirement) for REFSENS
Way forward: 
· Encourage companies input on NF analysis for different LP-WUR types

Issue 2-2-5: RF/Antenna Architecture considerations for LP-WUS receiver
Way forward: 
· Detailed antenna/RF architecture can be considered in issue 2-2-4 analysis
· FFS other RAN4 impacts than REFSENS




As can be seen from Figure 1, additional insertion loss will occur for antenna sharing and switching architectures. In the Rel-18 study and the NF analysis in TR 38.869, it is simply considered with 1RX without considering more details, the antenna sharing and corresponding switch components are not fully considered. It is proposed to fully consider the antenna sharing and switching architecture when deciding NF and REFSNES requirements.
Proposal 3:	It is proposed to fully consider the antenna sharing and switching architecture when deciding NF and REFSNES requirements.
The side condition for REFSENS test is agreed with LP-WUS as the only DL signal. The intention is to exclude the presence of DL signal for Main Radio. Here the LP-WUS should also include synchronization signal LP-SS. To avoid ambiguity, it is proposed that both LP-SS and LP-WUS should be configured in REFSNES test.
[bookmark: _GoBack]Proposal 4:	it is proposed that both LP-SS and LP-WUS should be configured in REFSNES test

3. 	Conclusion
Proposal 1:	missed detection rate can be taken as sole performance metric if false alarm performance can be directly or indirectly verified separately
Proposal 2:	the REFSENS requirements can be derived only based on legacy approach, and the coverage target is not necessary to be considered as long as the architecture assumption is reasonable
Proposal 3:	It is proposed to fully consider the antenna sharing and switching architecture when deciding NF and REFSNES requirements.
Proposal 4:	it is proposed that both LP-SS and LP-WUS should be configured in REFSNES test
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