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In 3GPP RAN1#111 meeting, several issues related to the LP-WUS signal design, the bandwidth of LP-WUS, and the LP-WUR based RRM measurement were discussed. In this contribution we provide our views on the remaining issues of the LP-WUS monitoring procedure, the bandwidth of LP-WUS, and the LP-WUR based RRM measurement. 
LP-WUS/LP-WUR monitoring procedure
Regarding the LP-WUS monitoring procedure, a proposal was discussed and summarized in FL summary as given below [1]. However, no consensus was achieved during the last meeting. In this section we provide our views about the LP-WUS/LP-WUR monitoring procedure.
	FL Proposal 2-1: 
At least the following procedures and procedure-related aspects should be studied for LP WUS/WUR:
· Activation/Deactivation of LP-WUS monitoring. 
· Monitoring procedures of LP-WUS
· whether LP-WUS monitoring should be beam-based
· [continuous / duty cycled monitoring]
· Procedures upon detecting WUS in IDLE/Inactive mode, e.g., 
· Monitor paging after WUS
· Monitor PEI after WUS
· Transmit PRACH 
· Monitor system information
· [Interaction of LP-WUS with DRX/eDRX/cDRX in MR, if any]
· [Synchronisation procedures between LR and MR, if any]



Activation/De-activation of LP-WUS monitoring
The monitoring behavior of LP-WUR for LP-WUS detection greatly impact the power consumption of LP-WUR. Therefore, an optimized LP-WUR monitoring behavior for LP-WUS detection/decoding is required, which can reduce the LP-WUR power consumption for LP-WUS detection, and avoid the unnecessary decoding of each LP-WUS. For this purpose, the LP-WUR monitoring for LP-WUS detection can be activated for a time duration when the UE is triggered by the network to wake up, and disable the continuous monitoring behavior of LP-WUR for LP-WUS detection for a time duration from the first trigger until the UE is again trigger by the network to wake up. 
Since a periodic LP-SS may be required for the LP-WUR of a UE or group of UEs to perform time/frequency synchronization with the network as discussed in 3GPP RAN1#111 meeting, therefore LP-SS can be used to carry an extra payload in the form of bitmap to perform activation and de-activation of the LP-WUR monitoring for LP-WUS detection. For instance the payload in the LP-SS may contains a bitmap, where each bit is associated to the activation/de-activation of a UE or a group of UEs based on the UE ID or UEs group ID. As a result, the LP-WUR can only monitors the LP-SS periodically and detect the LP-WUS in a specific configured occasion when the monitoring is activated by the network through the LP-SS. This behavior may avoids the LP-WUR continues monitoring for LP-WUS detection, and unnecessary decoding of each LP-WUS as shown in figure 1.



Figure 1 LP-WUR Avoids unnecessary LP-WUS detection
Observation 1: LP-WUR monitoring behavior for LP-WUS detection greatly impact the power consumption of the LP-WUR.
Observation 2: The activation and de-activation of LP-WUR monitoring can avoid the LP-WUR continues monitoring for LP-WUS detection, and unnecessary decoding of each LP-WUS.
Proposal 1: Support the activation and de-activation of the LP-WUR monitoring for LP-WUS detection.
Proposal 2: The LP-WUR monitoring behavior can be activated or de-activated via a payload in the form of bitmap carries in the LP-SS. 
LP-WUS in idle/inactive state 
In idle/inactive state, Rel-17 PEI is transmitted before a PO to wake up the UE receiver from deep sleep, and inform the UE about the incoming paging.  Since PEI is detected by the MR of UE therefore in Rel-18, LP-WUS may be transmitted before PEI to trigger the MR to wake up in order to receive the PEI. In this case, the MR of UE is triggered two times; one time by LP-WUS and one time by the PEI, resulting in consumption of more power as compared to the Rel-17 PEI based paging as shown in Figure 3. According to this observation, there may not be a significant power saving for UE by using LP-WUS and LP-WUR in idle/inactive state.  Therefore, in idle/inactive state the LP-WUS can be used as an alternative option to replace PEI. In other words, in idle/inactive state the LP-WUS can be used as a paging indication and it can replace the PEI. 



Figure 3 LP-WUS in idle/inactive state 
Observation 3: In idle/inactive state the MR of UE maybe trigger by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 4: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Proposal 3: Consider the LP-WUS as an alternative option for paging indication. 
LP-WUS Indication 
Due to the simple architecture and low sensitivity of the LP-WUR, the coverage of LP-WUS may be degraded as compared to the legacy NR channel. In order to ensure the reliability of the LP-WUS an indication from the MR of UE can be used to let the gNB know that the LP-WUS has successfully received and decoded by the LP-WUR of the UE. This indication can be Implicit, where the gNB implicitly derive from the first ACK message (such as HARQ-ACK) received from the MR of UE after the UE receives data/signaling as shown in Figure 4a, or it can be an explicit indication, where the MR of UE sends an ACK message to the gNB and let the gNB know that the LP-WUS has successfully received as shown in Figure 4b. The implicit indication can reduce the false rate of ACK message to the gNB. However, the physical resources (time/frequency resources) may be wasted in case the gNB transmit the data/signaling after LP-WUS without knowing the MR on/off status.  The explicit indication of LP-WUS reception will enhance the resource utilization, however it may increase the rate of false ACK message to the gNB in case the LP-WUR of a UE decode a noise signal and consider it as an LP-WUS. 



                             
Figure 4a Implicit Indication of LP-WUS reception        Figure 4b Explicit Indication of LP-WUS reception 

Observation 6: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Proposal 4: Study an indication method for LP-WUS reception to ensure the successful detection of LP-WUS and improve its reliability. 
BW Configuration for LP-WUS 
Regarding the BW of LP-WUS, the following agreement was achieved in RAN1#111 meeting [1].
	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI



In our view, the bandwidth configuration for LP-WUS to the UE can be performed during the initial access via RRC configuration, or via SIBx. In addition, the gNB can configure the bandwidth of LP-WUS to the UE in terms of RBs/REs at the lower edge or the upper edge RBs of the carrier bandwidth as shown in Figure 5. It may reduce the resource wasting, and avoid the holes in between the carrier bandwidth for the legacy NR channel. In addition, when the LP-WUS is not transmitted, the allocated RBs of the LP-WUS can be used for other legacy NR channel or signals.  However, in case the LP-SS and LP-WUS are configured in different BWP the LP-WUR has to perform RF retuning and BWP switching for synchronization before LP-WUS detection as shown in Figure 6. This behavior may increase the LP-WUR power consumption.  In order to solve this issue, a dedicated downlink BWP which may contains both the LP-SS and LP-WUS with the maximum bandwidth less than or equal to the required bandwidth of the LP-WUS, can be configured to the UE. Since the dedicated downlink BWP contains the LP-SS to synchronize the LP-WUR with the network and LP-WUS to trigger the MR to receive data/signaling, therefore the LP-WUR may avoid the RF retuning for LP-SS. 


Figure 5 Edge RBs allocation for bandwidth of LP-WUS


Figure 6 LP-WUR RF retuning for LP-SS and LP-WUS
Observation 7: The bandwidth configuration of LP-WUS at the edge RBs/REs may reduce the frequency resources wasting. 
Observation 8: The transmission of LP-SS and LP-WUS in different BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Proposal 5: Consider the bandwidth configuration of LP-WUS at the edge RBs of the carrier bandwidth. 
Proposal 6: Study a dedicated BWP for the LP-WUS and LP-SS, with the maximum bandwidth less than or equal to the required bandwidth of the LP-WUS. 

RRM measurement of LP-WUR
In RAN1#111 meeting, LP-WUR based RRM measurement was discussed to support mobility in idle/inactive mode and the following agreement was achieved [2]. 
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode,
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighboring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)




In our view, LP-WUR based RRM measurement may consider more RRM relaxation on the top of the existing relaxed RRM measurement of TR 38.380, to keep the low power consumption feature of the LP-WUR. In our view, the following rules of RRM measurement relaxation can be further studied. 
Measurement only:   Since the LP-WUR architecture may not support transmission, therefore RRM activities of the LP-WUR can be limited to the RRM measurement only. However, when RRM reporting is required, the LP-WUR can trigger the MR to perform RRM reporting to the gNB. In order to further reduce the RRM reporting, a range of RSRP/RSRQ with a maximum and minimum threshold values can be defined.  When the values of RSRP/RSRQ is beyond the range of the threshold, the MR of UE can perform the RRM reporting. 
RRM relaxation based on the UEs group:  This relaxation may be more feasible for stationary UEs such as industrial wireless sensors, where several stationary UEs can be grouped together based on their geographical area, and a relaxed RRM measurement period can be defined. A single UE in the group can perform RRM measurement in one RRM measurement period, which is considered for all other UEs in the group. Similarly, a next UE can perform RRM measurement in a next RRM measurement period and so on. In this way, the RRM measurement of each UE can be relaxed in time domain. 
RRM measurement based on the LP-WUS: Since the LP-WUS for a UE can be configured in a specific time duration when it is required. Therefore RRM measurement based on the LP-WUS itself can further relax the RRM measurement of the LP-WUR.
1


Observation 9: LP-WUR based dedicated RRM measurement relaxation may reduce the LP-WUR power consumption. 
Proposal 7: Study at least the following RRM measurement relaxation for the LP-WUR based RRM measurement. 
· RRM measurement without reporting 
· RRM measurement based on the UEs group
· RRM measurement based on the LP-WUS 



Conclusion
In this contribution we discussed, the LP-WUS monitoring procedure, the bandwidth of LP-WUS, and the LP-WUR based RRM measurement, and made the following observations and proposals.

Observation 1: LP-WUR monitoring behavior for LP-WUS detection greatly impact the power consumption of the LP-WUR.
Observation 2: The activation and de-activation of LP-WUR monitoring can avoid the LP-WUR continues monitoring for LP-WUS detection, and unnecessary decoding of each LP-WUS.
Observation 3: In idle/inactive state the MR of UE maybe trigger by two times, one time by LP-WUS to wake up and one time by PEI to indicate paging, which may increase the UE power consumption.  
Observation 4: In idle/inactive state the MR trigger of a UE via the LP-WUS can be consider as an indication for a UE to monitor the upcoming PO, which can replace the Rel-17 PEI. 
Observation 6: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Observation 7: The bandwidth configuration of LP-WUS at the edge RBs/REs may reduce the frequency resources wasting. 
Observation 8: The transmission of LP-SS and LP-WUS in different BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Observation 9: LP-WUR based dedicated RRM measurement relaxation may reduce the LP-WUR power consumption. 

Proposal 1: Support the activation and de-activation of the LP-WUR monitoring for LP-WUS detection.
Proposal 2: The LP-WUR monitoring behavior can be activated or de-activated via a payload in the form of bitmap carries in the LP-SS. 
Proposal 3: Consider the LP-WUS as an alternative option for paging indication. 
Proposal 4: Study an indication method for LP-WUS reception to ensure the successful detection of LP-WUS and improve its reliability. 
Proposal 5: Consider the bandwidth configuration of LP-WUS at the edge RBs of the carrier bandwidth. 
Proposal 6: Study a dedicated BWP for the LP-WUS and LP-SS, with the maximum bandwidth less than or equal to the required bandwidth of the LP-WUS. 
Proposal 7: Study at least the following RRM measurement relaxation for the LP-WUR based RRM measurement. 
· RRM measurement without reporting 
· RRM measurement based on the UEs group
· RRM measurement based on the LP-WUS 
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