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In the 3GPP RAN1#112bis-e meeting [6], several issues related to the use of a similar or different band for LP-WUS and the signal/channel used by MR, information carried by LP-WUS through which it targets a user in idle/inactive and connected mode, LP-WUS signal waveform, bandwidth and content of LP-WUS, synchronization of LP-WUR, and LP-WUR-based RRM measurement were discussed and agreed. In this contribution, we provide our views on the remaining issues related to LP-WUR synchronization, the LP-WUS monitoring procedure, the bandwidth of LP-WUS, and LP-WUR-based RRM measurement. 
Synchronization of LP-WUR 
In RAN1#112 meeting, an agreement related to the synchronization signal used by LP-WUR was agreed as given below [4].
	Agreement
Study synchronization signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2




Option 2, which involves transmitting a periodic signal separately from the LP-WUS, was the most favored approach among the companies during the RAN1#112bis-e meeting. While no clear agreement on the synchronization signal was reached during the last meeting, a proposal for a periodic signal transmitted separately from LP-WUS was discussed in the RAN1#112bis-e meeting FL summary [5], as shown below.
	Proposal-11:
At least for LP-WUR architectures that cannot receive existing OFDMA-based NR signals for synchronization, at least periodic synchronization signal used by LP-WUR (LP-SS) is required. Study further
· Required periodicity of LP-SS.
· waveform used for LP-SS, and whether it should be the same or can be different as used for LP-WUS, assuming that LP-WUR can receive both.
· structure of LP-SS
· Alt1: sequence based only 
· Alt2: sequence + message with encoded bits
· FFS: sequence
· supporting additionally aperiodic synch signal for fine synchronization
· feasibility of time/frequency estimation/correction for different waveforms/receivers architectures
· FFS: LP-SS transmission pattern, e.g. multiple transmissions of LP-SS within each period
· FFS: whether can be used as reference signal(s) for RRM measurements as well and vice versa. 
Note:  LP-WUR for OFDMA-based LP-WUS may also receive LP-SS




A periodic synchronization signal (LP-SS) allows all LP-WURs to receive the same synchronization signals and may reduce the transmission overhead of LP-SS. LP-SS can be broadcasted (just like SSB) to carry the synchronization and acquisition information, allowing all UEs in the coverage area to synchronize their LP-WUR with the network, establish communication, and decode LP-WUS. In our view, the periodicity of LP-SS can follow the existing SSB-based signal synchronization. Regarding the waveform of the LP-SS, using the same waveform for LP-SS and LP-WUS can reduce the specification effort and LP-WUR architecture requirements.
Regarding the structure of LP-SS, two alternatives were discussed during the last meeting: Alt1, sequence-based, and Alt2, sequence + message with encoded bits. Both have advantages and disadvantages. Alt1 may have less overhead but cannot carry extra information. In contrast, Alt2 may increase overhead but can enable/disable continuous monitoring behavior via an encoded message in the LP-SS payload and thus reduce LP-WUR power consumption if a UE is not triggered.
Observation 1:  Periodic LP-SS signal reduces the overhead of synchronization signals and allows all the UE’s LP-WURs to receive the same synchronization signals.
Observation 2: Using the same waveform for LP-SS and LP-WUS may reduce the specification effort and LP-WUR architecture requirements. 
Proposal 1: RAN1 to further study periodic synchronization signal (LP-SS) transmitted separately from the LP-WUS. 
Proposal 2: The structure of LP-SS can contains a sequence for synchronization and a message with encoded bits for activation or de-activation of LP-WUS monitoring. 
Content of LP-WUS 
In RAN1#112bis-e, an agreement related to the content of LP-WUS which contains the information through which UEs are targeted by LP-WUS in idle/inactive state and connected stated was achieved as given below [6]. 
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.




In idle/inactive mode, the LP-WUS may replace the function of Rel-17 PEI, therefore the information on which UEs are targeted by the LP-WUS may include UE group/subgroup ID. In addition, including the cell information in the content of LP-WUS may be beneficial to ensure that the LP-WUS from a specific cell has been successfully received by a UE or group/subgroup of UEs. Regarding SI change and ETWS/CMAS information, as well as tracking area and RAN area information, the UE may need to wake up the MR to obtain this information. The LP-WUR may not process this information, as including it could increase the LP-WUS overhead, leading to higher complexity and power consumption. 
In connected mode, the LP-WUS can target UEs using UE-group/subgroup ID and wake-up indication for the MR, without including other unnecessary information. Including additional information may increase the LP-WUS overhead, leading to higher complexity and power consumption of LP-WUR.

Observation 3: In idle/inactive mode, including additional information in LP-WUS design such as SI change, ETWS/CMAS information, tracking area, and RAN area information could increase overhead, which may result in higher complexity and power consumption of LP-WUR.
Proposal 3: The content of LP-WUS can include the following: 
· UEs group/subgroup ID and cell information in idle/inactive mode
· UEs group/subgroup ID and indication to wake up for PDCCH monitoring in connected mode. 
LP-WUS/LP-WUR monitoring procedure
In RAN1#112 meeting, an agreement related to the monitoring behavior of LP-WUR was agreed as given below [4].
	Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 




During the RAN1#112bis-e meeting, the focus of the discussion on LP-WUS monitoring behavior shifted towards its transmission occasion periodicity. It is suggested to first study the monitoring behavior of LP-WUS before going into the details of LP-WUS transmission occasion periodicity. The current monitoring behavior of LP-WUS comprises of duty cycle-based and continuous-based monitoring, both of which could be beneficial. This contribution study both types of monitoring behavior in details as given below. 
Duty cycle based monitoring of LP-WUR 
As mentioned by several companies during RAN1#112bis-e meeting, to study further the duty cycle based monitoring of LP-WUR, which relies on switching the LP-WUR ON for a specific duration and OFF for specific duration, resulting in reduced power consumption. However, duty cycle based monitoring may encounter the following two issues;
1. If LP-WUS is transmitted periodically, there can be a mismatch between the LP-WUR ON duration and the LP-WUS periodicity.
2. If LP-WUS is non periodic and configured for a specific occasion, there can be a mismatch between the LP-WUR ON duration and the configured LP-WUS.
These issues can be solved by deriving the ON/OFF period of the LP-WUR from DRX and eDRx configuration of the current specification. For instance, if the UE's DRX ON duration is 1280 ms, the LP-WUR duty cycle-based monitoring can be ON for 1280 ms. In addition, the periodicity of LP-SS and LP-WUS can also be defined according to the configured DRx cycle to avoid these mismatches.

Observation 4: Duty cycle based monitoring of LP-WUR for LP-WUS detection may encounter a mismatch between the LP-WUR ON duration and the periodic LP-WUS or configured LP-WUS in a specific occasion.
Proposal 4: For Duty cycle based LP-WUS monitoring, the LP-WUR ON/OFF duration can be associated with the current DRX and e-DRX durations. 
Continuous monitoring of LP-WUR 
Besides the duty cycle monitoring behavior of LP-WUR in RAN1#112bis-e meeting, several companies suggested to explore the benefits of continuous monitoring behavior for detecting LP-WUS.  However, continuous monitoring behavior of LP-WUR can lead to unnecessary power consumption as LP-WUR may decode all periodic or configured LP-WUS, even if they don't contain the UE MR Trigger information. To reduce power consumption, an optimized LP-WUR monitoring behavior is required. For instance, the monitoring can be activated for a duration when the UE is triggered by the network to wake up and disabled during the time from the first trigger until the UE is again triggered by the network to wake up.as explained below. 
3.2.1 Activation/De-activation of LP-WUS monitoring
In RAN1#112 meeting,  a proposal regarding the activation and de-activation of LP-WUS monitoring was discussed and summarized by the FL summary as given below [3]. However, no consensus was achieved during RAN1#112bis-e meeting. In this section, we provide our views on this issue. 
	Proposal-14: Study further the following LP-WUS monitoring activation and deactivation procedures
· Option 1: LP-WUS is activated/deactivated by gNB
· e.g. SIB or Dedicated RRC
· Option 2: LP-WUS activated/deactivated implicitly based on criteria
· Option 3: LP-WUS activated by UE autonomously
· FFS need for informing gNB



The signaling mentioned in option 1 (SIB or dedicated RRC) may be feasible for de-activating the LP-WUS monitoring but not feasible for activating the LP-WUS monitoring. This is because before LP-WUS monitoring is activated, the UE's MR is in ultra-deep sleep and cannot receive SIB or dedicated RRC signals. In the same way, option 2 may not be feasible for the activation of LP-WUS monitoring, since the activation requires a trigger from gNB. However, for de-activation, option 2 can be used based on the MR ON status, which can be used implicitly to de-activate the LP-WUS monitoring. In other words, when the MR is ON the UE can de-activate the LP-WUS monitoring. For option 3, UE may not be able to activate the LP-WUS monitoring autonomously, since the UE do not know when the gNB will trigger the LP-WUR of UE to wake up the MR. 
If a periodic LP-SS is agreed for synchronization of the LP-WUR with the network, it can carry an extra payload in the form of a bitmap to activate or deactivate the LP-WUS monitoring. For instance, the payload in the LP-SS may contain a bitmap where each bit corresponds to the activation or deactivation of a UE or group of UEs based on their ID. As a result, the LP-WUR only monitors the LP-SS periodically and detects the LP-WUS on a specific occasion when the monitoring is activated by the network through the LP-SS. This behavior avoids continuous 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 5: The monitoring behavior of LP-WUR for LP-WUS detection greatly impact the power consumption of LP-WUR, and the activation/de-activation of LP-WUS monitoring can avoid continues monitoring, and unnecessary decoding of each LP-WUS.
Observation 6: The following options may not be feasible for LP-WUS activation. 
· Before the LP-WUS activation the UE's MR is in ultra-deep sleep and cannot receive SIB or dedicated RRC signals. 
· LP-WUS activated implicitly based on criteria is not feasible, since the activation of LP-WUS monitoring may requires a trigger from gNB
· UE may not be able to activate the LP-WUS monitoring autonomously, since the UE do not know when the gNB will trigger the LP-WUR of UE to wake up the MR. 

Observation 7:  The following options may be feasible for LP-WUS de-activation
· SIB or dedicated RRC 
· LP-WUS monitoring de-activated based on criteria or autonomously such as the UE can use the MR ON status to de-activate the LP-WUS 

Proposal 5: For activation/de-activation of LP-WUS monitoring, study an activation/de-activation trigger from gNB, such as a payload in the form of bitmap carries in the LP-SS. 
Proposal 6: For De-activation of LP-WUS monitoring at least the following options can be studied 
· SIB or dedicated RRC
· Implicit or UE autonomous De-activation based on the MR ON status 

Procedures for MR upon wake-up from ultra-deep sleep  
In RAN1#112 meeting, a proposal regarding the procedure of MR after wake up from ultra-deep sleep was summarized by the FL summary as given below [3]. However, no consensus was achieved during RAN1#112bis-e meeting. 
	Proposal-13: Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· perform PO monitoring, and afterwards follow legacy procedures
· perform PEI monitoring, and afterwards follow legacy procedures
· transmit PRACH for initial access, and follow legacy procedures




In Rel-17, when a UE is triggered by the network and wake up from deep sleep, it performs PEI monitoring before a PO that is transmitted to inform the UE about the incoming paging.  Since PEI is detected by the MR of UE, in Rel-18, LP-WUS may be transmitted before PEI to trigger the MR to wake up and be ready to receive the PEI. In this case, the MR of UE is triggered two times; once by LP-WUS and once by PEI, resulting in high power consumption compared to the Rel-17 PEI based paging as shown in Figure 3. Based on this observation, there may not be a significant power saving for UE by using LP-WUS and LP-WUR in idle/inactive state.  Therefore, LP-WUS may be used as an alternative option to replace PEI. In other words, LP-WUS can be used as a paging indication in idle/inactive states and can replace PEI.
Regarding the procedure related to PRACH after the MR wake up from ultra-deep sleep, it may be consider in scenarios. For instance, when a UE is in ultra-deep sleep and it move from one location to another location, it may lose connection and synchronization with the serving cell. In such cases when the MR wakes up from ultra-deep sleep, the MR may need to initiate the PRACH by performing a random access procedure to establish or re-establish its connection re-establish and synchronization with a cell. 


Figure 3 LP-WUS in idle/inactive state 
Observation 8: 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 9: 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 7: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 8: The following procedures can be considered after the MR of UE wake-up from ultra-deep sleep
· Perform PO monitoring, and afterwards follow legacy procedures
· Transmit PRACH for initial access, and follow legacy procedures
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 10: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Proposal 9: Study the following indication method for LP-WUS successful detection;
· Implicit derivation of LP-WUS detection from the first ACK message received from the MR, which is sent by the UE for receiving the data/signaling.
· Explicit derivation of LP-WUS detection, where the MR sent ACK message before receiving the signaling/data. 
Bandwidth and location of LP-WUS 
5.1 Bandwidth of LP-WUS 
During the RAN1#112bis-e meeting, an agreement was reached regarding the configuration of at least one bandwidth size for LP-WUS, as shown below [6]. 
	Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs




The size of the BWP for LP-WUS is defined in frequency units, such as 5 MHz, while the configuration of the bandwidth size for LP-WUS is considered in terms of PRBs. Configuring the BW size for LP-WUS in terms of PRBs can be done using existing signaling such as RRC configuration or SIBx. In our view, a configurable BW size with a lower limit of 5 MHz and an upper limit of 20 MHz would offer flexibility in selecting a suitable bandwidth between 5 MHz and 20 MHz, which is useful in situations where power consumption and complexity are main concerns of LP-WUR architecture. Additionally, a configurable BW for LP-WUS can help optimize the use of resources for LP-WUS transmission and balance LP-WUR power consumption and complexity. 
Observation 11: Configurable bandwidth for LP-WUS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
5.2 Placement/location of LP-WUS
In RAN1#112bis-e meeting, regarding the placement of LP-WUS within a carrier, the following proposal was reached to consensus [6].  
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)




A discussion was initiated in the previous meeting regarding whether the LP-WUS and MR channel/signal can share the same carrier or require different carriers. In our view, if the LP-WUS is considered to use the same carrier as the MR signal/channel, the LP-WUR need to support all the existing bands and their associated carriers of NR, which may complicate its design. On the other hand, if the LP-WUS and signal/channel used by MR are on different carriers in the band, a dedicated carrier may be required for LP-WUS transmission, which reduces flexibility and wastes carrier resources.
Observation 12: LP-WUS and MR’s signal/channel on the same carrier in the band need to support all NR bands and it may complicate the design of LP-WUR. If LP-WUR and MR’s signal/channel use different carriers, a dedicated carrier for LP-WUS transmission may be needed. 

Location of LP-WUS within a carrier 
Regarding the location of LP-WUS within a carrier three configurable options were proposed during RAN1#112 meeting as given below. 
	Proposal-7: LP-WUS can be configured in-band, i.e. within usable PRBs of a carrier/BWP
· Option 1: placement within carrier/BWP is flexible. 
· Option 2: placement within carrier BWP is restricted to the middle of carrier
· Option 3: placement within carrier BWP is restricted to at the edge(s) of a carrier



In our view, option 1 is the more feasible option since it is more flexible to place the LP-WUS at the lower edge or upper edge of the carrier BWP or according to empty PRBs in the carrier which do not affect the legacy NR channel. For option 2, it restricts the LP-WUS to the middle of a carrier BWP which may create holes in the middle of the carrier's bandwidth for the legacy NR channel and waste the frequency resources. Option 3 is also a feasible option since it can avoid the holes between the carrier's bandwidth for the legacy NR channel. 
Observation 13: Placing LP-WUS in the middle of carrier BWP can create holes in NR legacy channels, but restricting it to the edges or implementing flexible bandwidth configuration can prevent such holes in the middle of carriers. 

LP-WUS association with BWP
According to the current specification, a signal/channel is typically transmitted to the UEs within a BWP. However, since LP-WUS is a wake-up signal, it may not necessarily follow the existing specification rules and can be transmitted independently of BWPs. However, in case periodic LP-SS is used for synchronization of LP-WUR, and the LP-SS is transmitted within a BWP (such as initial DL BWP) and LP-WUS are configured in independent of BWP or within an active DL BWP, then the LP-WUR has to perform RF retuning and BWP switching for synchronization before LP-WUS detection as shown in Figure 5. 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 LP-WUR RF retuning for LP-SS and LP-WUS
Observation 14: The transmission of LP-SS and LP-WUS in different BWP, or the transmission of LP-WUS independent of BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Proposal 10: Consider at least the following two options for the placement of LP-WUS in the carrier bandwidth. 
· Placement within carrier/BWP is flexible. 
· Placement within carrier BWP is restricted to at the edge(s) of a carrier

Proposal 11: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth equal to the required bandwidth of the LP-WUS. 

RRM measurement of LP-WUR
In RAN1#112bis-e meeting, LP-WUR based RRM measurement was discussed to support mobility in idle/inactive mode and the following agreement was achieved [6]. 
	
Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.




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 14: LP-WUR based dedicated RRM measurement relaxation may reduce the LP-WUR power consumption. 
Proposal 12: 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:  Periodic LP-SS signal reduces the overhead of synchronization signals and allows all the UE’s LP-WURs to receive the same synchronization signals.
Observation 2: Using the same waveform for LP-SS and LP-WUS may reduce the specification effort and LP-WUR architecture requirements. 
Observation 3: In idle/inactive mode, including additional information in LP-WUS design such as SI change, ETWS/CMAS information, tracking area, and RAN area information could increase overhead, which may result in higher complexity and power consumption of LP-WUR.
Observation 4: Duty cycle based monitoring of LP-WUR for LP-WUS detection may encounter a mismatch between the LP-WUR ON duration and the periodic LP-WUS or configured LP-WUS in a specific occasion.
Observation 5: The monitoring behavior of LP-WUR for LP-WUS detection greatly impact the power consumption of LP-WUR, and the activation/de-activation of LP-WUS monitoring can avoid continues monitoring, and unnecessary decoding of each LP-WUS.
Observation 6: The following options may not be feasible for LP-WUS activation. 
· Before the LP-WUS activation the UE's MR is in ultra-deep sleep and cannot receive SIB or dedicated RRC signals. 
· LP-WUS activated implicitly based on criteria is not feasible, since the activation of LP-WUS monitoring may requires a trigger from gNB
· UE may not be able to activate the LP-WUS monitoring autonomously, since the UE do not know when the gNB will trigger the LP-WUR of UE to wake up the MR. 
Observation 7:  The following options may be feasible for LP-WUS de-activation
· SIB or dedicated RRC 
· LP-WUS monitoring de-activated based on criteria or autonomously such as the UE can use the MR ON status to de-activate the LP-WUS 

Observation 8: 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 9: 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 10: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Observation 11: Configurable bandwidth for LP-WUS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
Observation 12: LP-WUS and MR’s signal/channel on the same carrier in the band need to support all NR bands and it may complicate the design of LP-WUR. If LP-WUR and MR’s signal/channel use different carriers, a dedicated carrier for LP-WUS transmission may be needed. 
Observation 13: Placing LP-WUS in the middle of carrier BWP can create holes in NR legacy channels, but restricting it to the edges or implementing flexible bandwidth configuration can prevent such holes in the middle of carriers. 
Observation 14: The transmission of LP-SS and LP-WUS in different BWP, or the transmission of LP-WUS independent of BWP, may let the LP-WUR to perform RF retuning for LP-SS, and increase its power consumption. 
Observation 14: LP-WUR based dedicated RRM measurement relaxation may reduce the LP-WUR power consumption. 

Proposal 1: RAN1 to further study periodic synchronization signal (LP-SS) transmitted separately from the LP-WUS. 
Proposal 2: The structure of LP-SS can contains a sequence for synchronization and a message with encoded bits for activation or de-activation of LP-WUS monitoring. 
Proposal 3: The content of LP-WUS can include the following: 
· UEs group/subgroup ID and cell information in idle/inactive mode
· UEs group/subgroup ID and indication to wake up for PDCCH monitoring in connected mode. 
Proposal 4: For Duty cycle based LP-WUS monitoring, the LP-WUR ON/OFF duration can be associated with the current DRX and e-DRX durations. 
Proposal 5: For activation/de-activation of LP-WUS monitoring, study an activation/de-activation trigger from gNB, such as a payload in the form of bitmap carries in the LP-SS. 
Proposal 6: For De-activation of LP-WUS monitoring at least the following options can be studied 
· SIB or dedicated RRC
· Implicit or UE autonomous De-activation based on the MR ON status 

Proposal 7: Consider the LP-WUS as an alternative option for paging early indication. 
Proposal 8: The following procedures can be considered after the MR of UE wake-up from ultra-deep sleep
· Perform PO monitoring, and afterwards follow legacy procedures
· Transmit PRACH for initial access, and follow legacy procedures

Proposal 9: Study the following indication method for LP-WUS successful detection;
· Implicit derivation of LP-WUS detection from the first ACK message received from the MR, which is sent by the UE for receiving the data/signaling.
· Explicit derivation of LP-WUS detection, where the MR sent ACK message before receiving the signaling/data. 

Proposal 10: Consider at least the following two options for the placement of LP-WUS in the carrier bandwidth. 
· Placement within carrier/BWP is flexible. 
· Placement within carrier BWP is restricted to at the edge(s) of a carrier

Proposal 11: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth equal to the required bandwidth of the LP-WUS. 
Proposal 12: 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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Introduction


 


In the 3GPP RAN1#112bis


-


e meeting [6], several issues related to the use of a similar or different band for 


LP


-


WUS and the signal/channel used by MR, information carried by LP


-


WUS through 


which it targets a 


user in idle/inactive and connected mode, LP


-


WUS signal waveform, bandwidth and content of LP


-


WUS, 


synchronization of LP


-


WUR, and LP


-


WUR


-


based RRM measurement were discussed and agreed. In this 


contribution, we provide our views on the r


emaining issues related to LP


-


WUR synchronization, the LP


-


WUS monitoring procedure, the bandwidth of LP


-


WUS, and LP


-


WUR


-


based RRM measurement


. 


 


2


 


Synchronization of LP


-


WUR 


 


In RAN1#112 meeting, an agreement related to the synchronization


 


signal used by


 


LP


-


WUR was agreed 


as given below [4


].


 


Agreement


 


Study synchronization signal used by LP


-


WUR, if needed, based on 


 


·


 


Option 1: aperiodic signal transmitted as part of LP


-


WUS


 


o


 


FFS: Whether the signal can additionally be transmitted separately from LP


-


WUS 


 


·


 


Option 2


: periodic signal transmitted separately from LP


-


WUS


 


·


 


Option 3: Option1 + Option2


 


 


 


Option 2, which involves transmitting a periodic signal separately from the LP


-


WUS, was the most favored 


approach among the companies during the RAN1#112bis


-


e meeting. Whil


e no clear agreement on the 


synchronization signal was reached during the last meeting, a proposal for a periodic signal transmitted 


separately from LP


-


WUS was discussed in the RAN1#112bis


-


e meeting FL summary [5], as shown below.


 


Proposal


-


11:


 


At least for


 


LP


-


WUR architectures that cannot receive existing OFDMA


-


based NR signals for 


synchronization, at least periodic synchronization signal used by LP


-


WUR (LP


-


SS) is required. Study 


further


 


·


 


Required


 


periodicity of LP


-


SS.


 


·


 


waveform used for LP


-


SS, and whether it


 


should be the same or can be different as 


used for LP


-


WUS, assuming that LP


-


WUR can receive both.


 


·


 


structure of LP


-


SS


 


o


 


Alt1: sequence based only 


 


o


 


Alt2: sequence + message with encoded bits


 


o


 


FFS: sequence
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