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1. Introduction
In RAN4#106 meeting, RAN4 achieve good progress on LP-WUS [1] [2], some agreements and clarification questions have been replied as phase-1 feedback to RAN1, in [3]. 
In this contribution, we share further views on LP-WUR architectures. 
In addition, we provide a 2nd stage reply LS aligned with RAN4 progress in [4], if necessary.
2. Low-power WUR architectures
As discussed both in RAN4 and RAN1, there is no throughput measurement for LP-WUR/WUS ACS/ASCS evaluation, and it has been agreed in [1] that RAN4 will identify a new approach to evaluate reasonable ACS framework and potential values.
Besides, different from ACS, there is no in-channel Adjacent Sub-Carrier Selectivity (ASCS) requirement for NR RX, whether unwanted NR sub-carrier can be filtered out depends on the capability of different architectures. To achieve sufficient ASCS, the guardgap between LP-WUS subcarriers and adjacent subcarriers from legacy NR signals or another LP-WUS is needed. 
Issue 2-3-2: Adjacent subcarrier impacts
Agreement: 
· [bookmark: _Hlk128682861]Consider 1.4MHz and 5MHz WUS bandwidth for FR1 evaluation as the starting point
· FFS on how many LP-WUS RBs can be allocated in channel bandwidth
· Guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth
Issue 2-3-3: WUS location within the carrier
Agreements:
· [bookmark: _Hlk128682967]Study whether LP-WUS could be flexible located within the carrier
· FFS whether WUS can be located in a band separate from the UE’s NR band
Issue 2-3-4: Guard band for WUS
Agreements:
· [bookmark: _Hlk128684379]Guard band between LP-WUS and NR signals could be studied 
· Details and definition of guard band for LP-WUS need further study
· Guard band design would be depending on WUR filter parameters, WUS CBW, SNR/SINR 
· FFS Whether the guard band is recommended to RAN1  


Therefore, the new framework on how to evaluate the ACS and ASCS is one of the key aspects for LP-WUS RF study.
Framework for Adjacent Channel Selectivity (ACS) and Adjacent Sub-Carrier Selectivity (ASCS) evaluation
[bookmark: _Hlk131866037]Before going into the discussions on the framework for ACS and ASCS evaluation, it is important to align the definition of “guard band” for LP-WUS. As we know that the Guardband is a basic definition from RF Channel bandwidth perspective. To avoid the misunderstanding, a new terminology for the gap-RBs between LP-WUS and NR signals should be defined, i.e. Guardgap. For ACS and ASCS, filters as well as a guardgap between LP-WUS signal and adjacent NR subcarriers/channels can be applied for interference rejection. Considering the guardgap is mainly adopted for LP-WUS for interference rejection, it is better to include the guard gap within the BW of LP-WUS.
Proposal 1: Define a new terminology for the RB gap between LP-WUS and NR signals, i.e. LP-WUS Guardgap, and the Guardgap is within the WUS RF channel bandwidth.
[image: ]
Figure 1. Definition of the channel bandwidth and the Guardgap configuration for LP-WUS  
As shown in Figure 1, the traditional guardband definition of the NR channel bandwidth is unchanged. For in-band case, the gap-RBs allocated between LP-WUS signal and NR signal named as LP-WUS guardgap is counted within the whole LP-WUS RF bandwidth (e.g. 5MHz). 
In the reply LS to RAN1, RAN4 has considered 1.4MHz and 5MHz as LP-WUS RF bandwidth for FR1 evaluation. To further move forward and reduce the analysis burden in RAN4, we suggest to focus on 5MHz bandwidth case to align the simulation/analysis assumption.  
Proposal 2: For LP-WUS evaluation, use 5MHz LP-WUS bandwidth to align the simulation/analysis assumption for study purpose.
1. 
2. 
2.1. Adjacent Channel/SubCarrier Selectivity (ACS/ASCS) for LP-WUR
General framework for ACS and ASCS for LP-WUR
Given the non-coherent detection, the amplitude signal is detected in analog domain by an envelope detector, thus for in-band deployment, the key challenge is how to isolate the LP-WUS from adjacent NR DL signal before envelope detection, which means digital filtering (if adopted by UE implementation) may not be able to filter out the wanted wake-up signal. 
Due to envelop detection in analog domain for LP-WUS, the analog filter performance in each architecture would be a main solution to suppress adjacent sub-carrier/channel interference.
As agreed in last RAN4 meeting, two main approaches have been proposed:
Issue 2-2-1: ACS evaluation for LP-WUR in RAN4
Agreements:
· RAN4 should study a new approach to evaluate ACS for LP-WUS.
· Option 1: Study feasible ACS and ASCS for each architecture, based on assumed typical filter characteristic (e.g. filter order and cut-off frequency) and LP-WUS guard band design
· Option 2: Average selectivity against adjacent subcarriers and/or adjacent channels as well as resulting SINR of the wanted signal at detector input can be used to evaluate and compare different RF architectures from selectivity perspective.
· Other options are not precluded
· FFS whether similar coverage compared to main radio for LP-WUS can be assumed.
Issue 2-2-2: Starting point for ACS
Agreement: 
· [bookmark: _Hlk128682875]Values from current UE specifications are used as a starting point for discussion to evaluate LP-WUR performance


In our understanding, Option 1 and Option 2 and not conflicted approaches, the basic idea is the same. The ACS and ASCS value can be roughly estimated based on the following aspects:
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guardgap within LP-WUS channel bandwidth 
· Averaged power antennation at ACS or ASCS frequency range
Observation 1: For ACS and ASCS evaluation, Option 1 and Option 2 and not conflicted approaches, the basic idea is the same.
Proposal 3: Align the framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects:
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guardgap size within LP-WUS channel bandwidth 
· Averaged power antennation at ACS or ASCS frequency range
The ACS or ASCS value can be derived based on the joint impacts from filter characteristic and guardgap design, so different evaluation values can be provided along with the assumed parameters. The guardgap can be determined by considering of both the implementation complexity and the resource efficiency.
Proposal 4: Different ACS or ASCS value can be provided along with the corresponding assumption of analog filter characteristic and guardgap size design. 
Proposal 5: The size of guardgap should be defined in RAN4, which can be determined by considering of both the implementation complexity and the resource efficiency.

For further discussions, we separate the WUS placement into two typical cases:
Case 1: WUS at center of the NR channel 
To illustrate the evaluation framework, in Figure 2, WUS is placed at center of the NR channel. 

 
Figure 2. illustration of case 1: wake-up signal at the center of NR channel 
When the WUS is placed in the middle of the carrier, then it mainly suffers the adjacent-subcarrier interference. If we assume no power boosting on WUS signal, the adjacent subcarrier interference suppression level is dominated by guardgap and IF/BB filter (or optional 2nd stage high-Q RF BPF) performance. 
For RF envelop detection, if same RF filter for main receiver is reused then the whole signal within the NR channel bandwidth will be received, there would be nearly no ASCS suppression from UE receiver side. Otherwise, to achieve ~MHz filtering, additional high-Q RF BPF should be adopted, as shown in Figure 3. The RF-ED architecture would have worse ASCS performance due to the challenge of High-Q RF filter, but the difficulties would be alleviated at low frequency band.


Figure 3. illustration RF-ED architecture with additional High-Q filter 

Case 2: WUS at edge of the NR channel
In Figure 4, we illustrate the case of WUS at edge of the channel. 

 
Figure 4. illustration of case 2: wake-up signal at the edge of NR channel 
Regarding case 2, the WUS is placed at the edge of the channel, then the WUS would suffer both adjacent channel interference and in-channel adjacent subcarrier interference. However, considering the adjacent channel signal may be much higher than WUS (e.g. similar to 33dB ACS of normal receiver), then the adjacent channel interference will play a dominate role in this case.
[bookmark: _Hlk127378226]It is expected that the RF BPF in each architecture can be served for out-of-band interference rejection, especially when low-power WUR shares the same bands as the main radio (antenna, matching network, and RF BPF). Besides, the traditional NR guardband between two channels also helps adjacent channel interference suppression.     
To evaluate the potential guardgap and ACS/ASCS value, some assumptions can be aligned for further discussions, e.g.: 
· Filter order: [4 or 5]
· Filter passband BW: depends on guardgap size 
· Guardgap size: [10%, 15%, 20%] of LP-WUS RF bandwidth 
· Target ASCS: [20dB]
· Target ACS: [30dB]
For specific low-power WUS signal bandwidth (5MHz as an example), the achievable adjacent channel selectivity or adjacent subcarrier selectivity depends on the trade-off of filter order and guard band. Smaller filter order may require a larger guardgap resulting in lower resource efficiency, larger filter order increases the power consumption linearly but only a smaller guardgap is needed. 
Proposal 6: For ACS/ASCS evaluation, some parameter assumptions can be selected as starting point, e.g.:
· Filter order: [4 or 5]
· Filter passband BW: depends on guardgap size 
· Guardgap size: [10%, 15%, 20%] of LP-WUS RF bandwidth
· Target ASCS: [20dB]
· Target ACS: [30dB]

2.2. Noise Figure(s) 
1. 
2. 
2.1. 
2.2. 
For FR1, the baseline NF assumption to define FR1 REFSENS is ~9dB. In TR 38.921, the noise figure of UE was assumed to be within the range of 9~13 dB, but only for ITU WP5D studies and not for RF specification. 
To ensure a better coverage/sensitivity of LP-WUS, the phase noise of different architecture is expected not much worse than main receiver. The following range can be considered as starting point for RAN4 discussions: 
· RF-ED: ~ [15-17] dB 
· IF-ED: ~ [11-15] dB
· BB-ED: ~ [12-16] dB
The achievable NFs also depend on the guardgap design and selected analog filter. 
2.3. gNB RF requirements impacts
3. 
4. 
4.1. 
4.2. 
To ensure better coverage and adjacent subcarrier interference suppression, LP-WUS power boosting from BS transmission side can be considered. It has been agreed in RAN1 that for in-band operation of LP-WUS, PDSCH mapped on resources other than that for WUS and guard band; EPRE of LP-WUS / EPRE of PDSCH =ρ, where ρ=0 dB as baseline, ρ= {3, 6} dB as optional.

Observation 2: RAN1 has adopted 0dB, 3dB, and 6dB for power boosting analysis.

In RAN4, it has been high-level agreed that the gNB RF requirements should not be impacted. Therefore, it is valuable to study in RAN4 whether the assumed 6dB power boosting is feasible or not, from RAN4 BS requirement perspective. 

Proposal 7: RAN4 should study whether 6dB LP-WUS power boosting level is feasible. 
2.4. General aspects
3. 
It has been agreed in RAN1 to study FR1 for LP-WUS while it is FFS whether FR2 is included in the scope of LP-WUS SI. Regarding FR2, before RAN1 making clear agreements, discussions in RAN4 can be postponed. 
Proposal 8: RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band.
Besides, for low-power WUR UE type, in RAN1 simulation assumptions, all the UE types have been considered:
Agreement
The following characteristics for target use cases are considered in the study item:
· IoT cases including e.g., industrial wireless sensors, controllers, actuators and etc, including the following characteristics,
· FFS: latency
· primary for small form devices
· power-sensitive
· static, nomadic or limited mobility
· Wearable cases including e.g., smart watches, rings, eHealth related devices, and medical monitoring devices etc., 
· FFS: latency
· primary for small form devices,
· power-sensitive
· low/medium speed, FFS: high speed
· eMBB cases including e.g., XR/smart glasses, smart phones and etc.,
· FFS: latency
· devices form is various and not restricted
· power-sensitive
· low/medium speed, FFS: high speed
Note: other use cases/characteristics are not precluded if any.


It is reasonable to consider all the potential UE types in RAN4 discussion, further differentiate the assumptions on different UE type would make the discussions being more complicated. 
[bookmark: _GoBack]Proposal 9: RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices. 
3. Conclusion
In this contribution, we share our views on LP-WUR and have the following observations and proposals:
Observation 1: For ACS and ASCS evaluation, Option 1 and Option 2 and not conflicted approaches, the basic idea is the same.
Observation 2: RAN1 has adopted 0dB, 3dB, and 6dB for power boosting analysis.

Proposal 1: Define a new terminology for the RB gap between LP-WUS and NR signals, i.e. LP-WUS Guardgap, and the Guardgap is within the WUS RF channel bandwidth.
Proposal 2: For LP-WUS evaluation, use 5MHz LP-WUS bandwidth to align the simulation/analysis assumption for study purpose.
Proposal 3: Align the framework in RAN4 that the ACS and ASCS value can be evaluated based on the following aspects:
· Typical filter characteristic, e.g. filter order, pass BW, cut-off frequency 
· Guardgap size within LP-WUS channel bandwidth 
· Averaged power antennation at ACS or ASCS frequency range
Proposal 4: Different ACS or ASCS value can be provided along with the corresponding assumption of analog filter characteristic and guardgap size design. 
Proposal 5: The size of guardgap should be defined in RAN4, which can be determined by considering of both the implementation complexity and the resource efficiency.
Proposal 6: For ACS/ASCS evaluation, some parameter assumptions can be selected as starting point, e.g.:
· Filter order: [4 or 5]
· Filter passband BW: depends on guardgap size 
· Guardgap size: [10%, 15%, 20%] of LP-WUS RF bandwidth
· Target ASCS: [20dB]
· Target ACS: [30dB]
Proposal 7: RAN4 should study whether 6dB LP-WUS power boosting level is feasible. 
Proposal 8: RAN4 focus on FR1 frequency ranges first priority, 2.6GHz can be selected as an example band.
Proposal 9: RAN4 should consider all the UE types mentioned in the SID, e.g. IoT devices, Wearable devices, and e-MBB devices. 
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