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1.	Introduction
The RAN3103 plenary meeting, the RAN4 scope for LP-WUS/WUR has been confirmed in [1, RP-240801]:
	· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements




For UE RF requirements of low-power wake up receiver, possible new methodology to access LP-WUR need to be considered and testability need to be studied, considering different architecture and impairments. In this contribution, our views on these aspects are provided.
2. 	Discussion
2.1 UE test methodology 
LP-WUR is a dedicated receiver without corresponding transmitter. The transmission has to done in Main Radio. This characteristic brings difficulty in how to assess the receiver performance. For a pure receiver, a signalling mode test is not available, such as GPS receiver, mobile TV receiver (e.g. CMMB), FM&AM radio, etc. For these kind of receivers, receiver performance are usually tested under non-signalling mode.
Observation 1:	Pure receivers without transmitters such as GPS, TV, FM, are usually tested under non-signalling mode.
Then one possibility for LP-WUR requirements and verification can be based on non-signalling mode test similar as those pure receivers. However, non-signalling test is not very friendly for conformance test.
The traditional receiver requirements in 3GPP specifications are usually based on throughput measurement in a signalling mode after RRC Connection is established. As we can see from TS 38.101-1, not only REFSENS but also ACS, are required and verified with a throughput measurement, i.e. ≥ 95 % of the maximum throughput of the reference measurement channels. 
Observation 2:	traditional receiver requirements in 3GPP specifications are usually based on throughput measurement in a signalling mode after RRC Connection is established.
On one hand, LP-WUR is similar as pure receivers such as GPS, TV, FM, on the other hand LP-WUR is special as the UE with LP-WUR always has transmitter in Main Radio. So another possibility for LP-WUR requirements and verification might be based on signalling mode by making use of this speciality. It is necessary to discuss the feasibility of signalling mode test for LP-WUR requirement. It should be noted that LP-WUR mainly works at idle state in practical scenario even signalling mode test is feasible.
Observation 3:	LP-WUR mainly works at idle state in practical scenario while RF requirements based on signalling mode are usually specified at RRC connected state
Based on above discussion, LP-WUR requirements and verification can be based on two directions, one is non-signalling mode test, and the other is signalling mode test if feasible. It is necessary for RAN4 to discuss and down-select the test method directions before assessing receiver performance.
Proposal 1:	RAN4 to down-select the test method directions from below two options
· Option 1: test with non-signalling mode
· Option 2: test with signalling mode (if feasibility confirmed)

2.2 UE architectures
The WID objectives mention that “Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation” for LP-WUR UE RF requirements. According to the outcome of Rel-18 study on LP-WUS/WUR in TR 38.869, there are mainly four receive architectures involved:
-	Architecture with RF envelope detection 
-	Heterodyne architecture with IF envelope detection
-	Homodyne/zero-IF architecture with baseband envelope detection
-	Homodyne/zero-IF architecture with OFDMA-based detection
For RF envelope detection, 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps2.jpg]
Rel-18 study shows that there are at least two aspects which conflicts with WID objective. One aspect is about the support of multi-bands, another is the sensitivity performance. The conclusion on multi-band is that “The support of multiple bands and/or carriers may require multiple high-Q matching networks and/or RF BPFs or multiple off-chip component”. This causes RF envelope detection is only applicable for customized product for specific band(s) or carrier(s). The conclusion on sensitivity performance is that “The noise figure can be relatively high” which can be up to 20dB. According to the WID objectives, “The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3”, so worse sensitivity performance could not satisfy the target coverage required by WID.
Observation 4:	Architecture with RF envelope detection could not satisfy the WID objectives in terms of multi-band support and target coverage.
Proposal 2:	Architecture with RF envelope detection is not necessary to be considered when specifying requirements for LP-WUR

For IF envelope detection, 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps3.jpg]
the band and/or carrier tuning can be achieved via tuning the LO frequency, and the sensitivity can be improved by adopting RF LNA and/or IF AMP with the cost of additional power consumption.

For baseband envelope detection, 
[image: C:\Users\11048224\AppData\Local\Temp\ksohtml34372\wps4.jpg]
the band and/or carrier tuning can also be achieved via tuning the LO frequency, and the sensitivity performance is also good.
Both IF envelope detection and baseband envelope detection architectures could satisfy the WID objectives, and there are both pros and cons for each architecture, however, the IF envelope detection requires more components which are often not friendly for mobile devices. In our view, baseband envelope detection should be prioritized than IF envelope detection.
Proposal 3:	Prioritize homodyne/zero-IF architecture with baseband envelope detection than heterodyne architecture with IF envelope detection
For OFDMA-band detection,
[image: Diagram

Description automatically generated]
it is more similar with Main Radio receiver with I/Q branches for digital BB processing. Rel-18 study shows that architecture with OFDMA-based detection is of best Noise Figure performance among all architectures involved.
Observation 5:	Homodyne/zero-IF architecture with OFDMA-based detection is of best Noise Figure performance among all architectures involved.
Given Homodyne/zero-IF architecture with OFDMA-based detection has obviously better performance over other architectures, it may be necessary to discuss separate requirements for OFDMA-based detection capable UEs.
Proposal 4:	RAN4 to further discuss if separate requirements can be set for OFDMA-based detection capable UEs.
2.3 UE antenna architecture (or RF front end)
Besides general UE architecture discussed in section 2.2, we have noticed that UE antenna architecture or RF front end may have substantial impact to LP-WUS performance, especially in case UE is supposed to support RRM measurement offloading from Main Radio to LP-WUR.
According to TR 38.869, for evaluation 1 Rx chain for LP-WUS receiver is baseline
	Number of RX chains at the UE’s MR 
	Case 1: 1 Rx for Redcap
Case 2: 2 Rx
Case 3: 4 Rx
Company to report which case is being used. 

	Number of RX chains for LP-WUR
	1 Rx



Then there is mismatch between LR (LP-WUR) and MR (Main Radio). According to the WID, RRM measurement offloading from MR to LR is one of the objectives:
	· For IDLE/INACTIVE modes
· ……
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)



In order to support RRM measurement offloading from MR to LR for UE serving cell, the RSRP measurement results difference between MR and LR should stable and comparable. However, for non-RedCap UE with LP-WUR, there is only one RX chain for LP-WUR, but there are 2 or 4 RX chains or even more for MR. In the field, the RSRP of each antenna is varying from time to time and varying from direction to direction, it is not the case that RSRP of 1RX UE is 3dB or 6dB lower than 2RX or 4RX UE.
Observation 6:	In order to support RRM measurement offloading from MR to LR for UE serving cell, the RSRP measurement results difference between MR and LR should be stable and comparable.
Observation 7:	In the field, the RSRP of each antenna is varying from time to time and varying from direction to direction, it is not the case that RSRP of 1RX UE is 3dB or 6dB lower than 2RX or 4RX UE.
Take 1RX LP-WUR and 2RX MR for example, following three antenna architectures differ in supporting RRM measurement offloading from MR to LR.
[image: ][image: ][image: ]




(a)
(b)
(c)


Figure 2.3-1 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

For the antenna architecture (a) in Figure 2.3-1, the LR has separate antenna from MR. The relationship of measured RSRP between LR and MR is unpredictable in field where the signal environment is fading and the UE is non-stationary. 
For the antenna architecture (b) in Figure 2.3-1, the LR shares one of MR’s antenna. In this case the relationship of measured RSRP between LR and MR is more predictable but the variation is still large when shared antenna shows worse RSRP than the non-shared antenna. 
For the antenna architecture (c) in Figure 2.3-1, the LR shares both of MR’s antennas. In this case the relationship of measured RSRP between LR and MR is the most stable one as the MR’s antenna with better RSRP can be used by LR. 
From above discussion on UE antenna architecture, it can be observed that antenna sharing between LR and MR is necessary in order to support RRM measurement offloading from MR to LR, and the more antennas shared, the better accuracy for RRM measurement offloading.
Observation 8:	antenna sharing between LR and MR is necessary in order to support RRM measurement offloading from MR to LR, and the more antennas shared, the better accuracy for RRM measurement offloading.
So for UE antenna architecture or RF front end perspective, it is proposed to consider the antenna sharing architecture in order to support RRM measurement offloading.
Proposal 5:	it is proposed to consider the antenna sharing architecture in order to support RRM measurement offloading.
In case of antenna sharing, the insertion loss of additional components like RF switches is supposed to be taken into consideration when specifying REFENS requirements for LP-WUR.
3. 	Conclusion
Observation 1:	Pure receivers without transmitters such as GPS, TV, FM, are usually tested under non-signalling mode.
Observation 2:	traditional receiver requirements in 3GPP specifications are usually based on throughput measurement in a signalling mode after RRC Connection is established.
Observation 3:	LP-WUR mainly works at idle state in practical scenario while RF requirements based on signalling mode are usually specified at RRC connected state
Proposal 1:	RAN4 to down-select the test method directions from below two options
· Option 1: test with non-signalling mode
· Option 2: test with signalling mode (if feasibility confirmed)
Observation 4:	Architecture with RF envelope detection could not satisfy the WID objectives in terms of multi-band support and target coverage.
Proposal 2:	Architecture with RF envelope detection is not necessary to be considered when specifying requirements for LP-WUR
Proposal 3:	Prioritize homodyne/zero-IF architecture with baseband envelope detection than heterodyne architecture with IF envelope detection
Observation 5:	Homodyne/zero-IF architecture with OFDMA-based detection is of best Noise Figure performance among all architectures involved.
Proposal 4:	RAN4 to further discuss if separate requirements can be set for OFDMA-based detection capable UEs.
Observation 6:	In order to support RRM measurement offloading from MR to LR for UE serving cell, the RSRP measurement results difference between MR and LR should be stable and comparable.
Observation 7:	In the field, the RSRP of each antenna is varying from time to time and varying from direction to direction, it is not the case that RSRP of 1RX UE is 3dB or 6dB lower than 2RX or 4RX UE.
Observation 8:	antenna sharing between LR and MR is necessary in order to support RRM measurement offloading from MR to LR, and the more antennas shared, the better accuracy for RRM measurement offloading.
Proposal 5:	it is proposed to consider the antenna sharing architecture in order to support RRM measurement offloading.
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