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In 3GPP RAN#102 meeting, a working item for NR LP-WUS and LP-WUR was endorsed [1], with a focus on specifying the LP-WUS signal design and procedure as mentioned in the objective of the working item below.

	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4) 
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· 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)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1) 
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103



In this contribution we provide our views, on the waveform of LP-SS and LP-WUS, the synchronization of LP-WUR, the bandwidth of LP-WUS and LP-SS, and the location of LP-WUS and LP-SS in both time domain and frequency domain. 
LP-WUS Design 
In RAN1#116 meeting, regarding the LP-WUS waveform the following agreement were achieved as given below. 
	Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 
· FFS how OOK-1 and OOK-4 are specified 
· For OOK-4, M<=4, FFS supported values
· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol
· FFS different SCS.


The OOK-1 and OOK-4 waveforms have been agreed upon as potential candidate waveform for LP-WUS. For OOK-4, the values of M=1, 2, or 4 can be used. However, only one waveform of the LP-WUS can be used at a given occasion, and the UE must be informed about the specific waveform being used for LP-WUS. If the UE is not aware of whether the LP-WUS is using the OOK-1 or OOK-4 waveform, an additional signal similar to DMRS will be needed to be included with the LP-WUS for the UE to decode the waveform. This may potentially complicate the LP-WUS design and increase power consumption. 
The SCS of the CP-OFDM symbols used for LP-WUS generation can be similar to the SCS(s) used with other NR transmissions. However, the SCS is configured to the UE based on BWP, so the association of LP-WUS with the BWP shall be discussed further.
Observation 1: The UE shall be informed about the specific waveform (either OOK-1 or OOK-4) being used for LP-WUS at a given occasion, otherwise an addition DMRS signal will be required for the UE to decode the LP-WUS waveform. 
Proposal 1: RAN1 to consider the configuration of SCS for LP-WUS in association to a BWP.
Payload of LP-WUS 
Regarding the payload of LP-WUS, there was a lot of discussion during RAN1#116 meeting with the proposal as given below. However, no agreement were achieved in this regard. 
	Proposal 3.3-1: The maximum information bits (excluding CRC, if any) carried by LP-WUS is at least 8 bits. FFS larger payloads.  



The maximum number of information bits in the LP-WUS depends on whether they are used for UE group-based MR wake-up indication or for waking up the MR of individual UEs. In our view, to minimize payload overhead, the LP-WUS payload can be used to trigger a group or sub-group of UEs. In addition, it is important to define the maximum number of subgroups of UEs that can be associated with each LP-WUS occasion. For example, if the maximum number of UE subgroups associated with an LP-WUS occasion is up to 8, the maximum number of information bits in the LP-WUS payload can be considered as 8 bits.
Observation 2: The maximum number of information bits in the payload of LP-WUS depends on whether the information bits are used for UE group-based MR wake-up indication or for waking up the MR of individual UEs. 
Information carried by LP-WUS 
During the RAN1#116 meeting, there were discussions about the method of carrying information using LP-WUS as given in a proposal below. However, there was no agreement reached on this matter.
	Proposal 3.4-1: RAN1 further discuss how to carry information bits by LP-WUS, including following options 
· Option 1: Encoded bits 
· Option 2: OOK Sequence selection 
· Time/frequency domain occasions can be combined with option above. 



For option 1, the information bits carried in the payload of LP-WUS are few bits, and this information can be carried via encoded bits in order to make the LP-WUS design simple and reduce the LP-WUR power saving. Option 1 is a simple solution which can easily support a range of payload size. On the other hand, option 2, which is using OOK sequence selection for carrying the information in LP-WUS, may complicate the design of LP-WUS and its decoding at the LP-WUR. Therefore, option 2 is not considered a feasible option for carrying the information in LP-WUS.
Proposal 2: Support option 1 which involves using encoded bits to carry the information bits in the LP-WUS payload
LP-SS Design 
Waveform-selection of OOK-1 and/or OOK-4
Regarding the waveform of LP-SS, the following agreement were achieved during RAN1#116 meeting. 
	Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS



The LP-SS waveform typically provides carrier signal phase and frequency information for synchronization. Considering this, the waveform that can offer more details about the carrier signal's phase and frequency is better for accurate time and frequency synchronization. OOK-1 transmits only one bit per symbol by turning the carrier on and off. On the other hand, OOK-4 can carry more bits of information per symbol, potentially providing more information about the carrier signal's phase and frequency. Therefore, OOK-4 may be a more suitable choice for LP-SS.
The SCS of the CP-OFDM symbols used for LP-SS generation can be similar to the SCS(s) used for LP-WUS generation. Typically, the SCS is configured within a BWP. Introducing different SCS for LP-SS would require additional configuration, potentially complicating the design of both LP-WUS and LP-SS. As the SCS is configured to the UE within a BWP, further discussion is necessary regarding the association of LP-SS with the BWP.
Observation 3: For LP-SS a waveform that can offer more details about the carrier signal's phase and frequency is better for accurate time and frequency synchronization. 
Observation 4: Similar SCS for LP-SS and LP-WUS would not require addition configuration for LP-SS. 
Proposal 3: Support OOK-4 waveform for LP-SS. 
Proposal 4: RAN1 to consider the configuration of SCS for LP-SS in association to a BWP. 

Periodicities of LP-SS 
Regarding the periodicities of LP-SS, a proposal was discussed during the RAN1#116 meeting as given below.  However, no agreement was reached on this matter.
	Proposal 4.5-1: Support at least 320ms as the periodicity of LP-SS if WUS is not preceded by preamble(s).
· FFS: other values, if needed



The periodicities of LP-SS should be designed to align with the DRx cycle and paging cycle in the idle/inactive state, as well as the C-DRx cycle in the connected state. For instance, in the idle/inactive state, LP-WUS triggers the MR to wake up and receive paging. Before transmitting the LP-WUS, it is essential to transmit the LP-SS for synchronization with the network. Therefore the periodicities of LP-SS shall be align with the paging cycle. Similarly, for connected state UE, LP-WUS triggers the MR to wake-up and decode the subsequent DCI. If C-DRx is configured, LP-WUS may be transmitted during a C-DRx on duration time, with LP-SS necessary before LP-WUS. Thus, the periodicities of LP-SS are affected by the DRx or paging cycles in the idle/inactive state and C-DRx in the connected state. However, it may be beneficial to consider a unified set of periodicities that can work for both idle/inactive and connected state UEs.
Observation 5: The periodicities of LP-SS are affected by the DRx cycle and paging cycle in the idle/inactive state, and the C-DRx cycle in the connected state.
Proposal 5: Consider a unified set of periodicities which is suitable for both idle/inactive and connected state UEs. 
Bandwidth of LP-WUS and LP-SS 
Regarding the bandwidth of LP-WUS and LP-SS a proposal were discussed in RAN1#116 meeting as given below. However there was no agreement achieved in this regard. 
	Proposal 5-1r2: At least support a bandwidth of approximately 5MHz including blanked guard RBs for LP-WUS and LP-SS in both RRC idle/inactive and RRC connected.
· FFS whether it is applied to the channel bandwidth of 5MHz
· FFS other bandwidth size for LP-WUS and LP-SS.
 Note: The bandwidth size is assumed to be an integer number of PRBs considering different SCSs



In Rel-18, it was agreed that at least for idle/inactive mode the recommended BW size can be <= 5MHZ [2]. However, there was no discussion regarding the bandwidth of LP-SS.  Since the LP-SS will also be processed by the LP-WUR of the UE, therefore it may necessary to define the bandwidth of LP-SS.  In our view, a configurable BW size with a lower limit of 5 MHz and an upper limit of 20 MHz can be considered for the bandwidth of both LP-WUS and LP-SS. This 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. In addition, the configurable BW size can be considered for both idle state and connected state. Moreover, The LP-WUR of the UE shall know this configured bandwidth, and it can be configured to the UE in SIB1 or SIBX during initial/random access. 
Observation 6: Configurable bandwidth for LP-WUS and LP-SS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
Proposal 6: Consider, a configurable BW size within the range of 5MHz and 20MHz for LP-WUS and LP-SS in both idle/inactive and connected state. 
LP-WUS and LP-SS 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 1. 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 a configurable BW size within the range of 5MHz to 20 MHz, 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 1 LP-WUR RF retuning for LP-SS and LP-WUS
Observation 7: 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 7: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth within the range of 5MHz to 20MHz. 
Proposal 8: The configurable BW of LP-WUS and LP-SS and its associated dedicated BWP can be configured to the UE during initial access. 
Location of LP-WUS and LP-SS
5.1 Placement/location of LP-WUS and LP-SS in Frequency domain 
In case 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 as well as the LP-SS 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.
In case, the LP-WUS and LP-SS uses the other NR carrier channels, then a flexibly configured location within a carrier which is used for both LP-WUS and LP-SS is more feasible. This approach allows to place the LP-WUS and LP-SS at the lower edge or upper edge of the carrier BW, or utilizing empty PRBs in the carrier that do not impact the legacy NR channel. However, it is important for the LP-WUR of the UE to have knowledge of the exact location of the LP-WUS to avoid searching the entire carrier for LP-WUS detection.
Observation 8: LP-WUS/LP-SS 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 9: A flexibly configured location within a carrier for LP-WUS and LP-SS can efficiently utilize the frequency resources of the carrier without impacting the legacy NR channel.
5.2 Placement/location of LP-WUS in time domain 
In order for the LP-WUR of a UE to detect the LP-WUS in the time domain, the location of the LP-WUS occasion must be known. This can be achieved by using a predefined reference point known to the UE, along with an offset value in terms of slots/symbols, to determine the exact timing of the first monitoring occasion of the LP-WUS occasion. There are several options for finding the location of the LP-WUS occasion in time domain.
For instance, for idle/inactive UEs, the incoming/target PO or SSB can be used as a reference point, and an SSB level or symbols/slots level offset can be applied to locate the LP-WUS occasion, as shown in Figure 2. For connected UEs, the SSB can be used as a reference point, or if periodic LP-SS is transmitted to the LP-WUR, the LP-SS can be considered as a reference point, and a symbols/slots level offset can be used from SSB or LP-SS to identify the LP-WUS occasion location, as shown in Figure 3. 


Figure 2 LP-WUS occasion location w.r.t target PO or SSB for idle/inactive UEs


Figure 3 LP-WUS occasion location w.r.t SSB or LP-SS for idle/inactive or connected UEs

Observation 10: The placement of LP-WUS in the time domain resources should also be considered to minimize the continuous monitoring and maintain a simple architecture. 
Proposal 9: To locate LP-WUS in the time domain, a reference point and an offset from the reference point be used: 
· For idle/inactive UEs, the incoming PO or SSB can be used as a reference point
· For connected UEs, SSB or periodic LP-SS can be used as reference point.

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 11: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 
Proposal 10: 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. 
Conclusion
In this contribution we discussed, the waveform, bandwidth, location in time domain, location in frequency domain for both LP-WUS and LP-SS, and made the following observations and proposals.
Observation 1: The UE shall be informed about the specific waveform (either OOK-1 or OOK-4) being used for LP-WUS at a given occasion, otherwise an addition DMRS signal will be required for the UE to decode the LP-WUS waveform. 
Observation 2: The maximum number of information bits in the payload of LP-WUS depends on whether the information bits are used for UE group-based MR wake-up indication or for waking up the MR of individual UEs. 
Observation 3: For LP-SS a waveform that can offer more details about the carrier signal's phase and frequency is better for accurate time and frequency synchronization. 
Observation 4: Similar SCS for LP-SS and LP-WUS would not require addition configuration for LP-SS. 
Observation 5: The periodicities of LP-SS are affected by the DRx cycle and paging cycle in the idle/inactive state, and the C-DRx cycle in the connected state.
Observation 6: Configurable bandwidth for LP-WUS and LP-SS within the range of 5MHz and 20MHz may offer flexibility and keep the low power consumption of LP-WUR. 
Observation 7: 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 8: LP-WUS/LP-SS 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 9: A flexibly configured location within a carrier for LP-WUS and LP-SS can efficiently utilize the frequency resources of the carrier without impacting the legacy NR channel.
Observation 10: The placement of LP-WUS in the time domain resources should also be considered to minimize the continuous monitoring and maintain a simple architecture. 
Observation 11: The implicit or explicit indication for the LP-WUS reception from the MR of a UE may enhance the LP-WUS reliability. 

Proposal 1: RAN1 to consider the configuration of SCS for LP-WUS in association to a BWP.
Proposal 2: Support option 1 which involves using encoded bits to carry the information bits in the LP-WUS payload
Proposal 3: Support OOK-4 waveform for LP-SS. 
Proposal 4: RAN1 to consider the configuration of SCS for LP-SS in association to a BWP. 
Proposal 5: Consider a unified set of periodicities which is suitable for both idle/inactive and connected state UEs. 
Proposal 6: Consider, a configurable BW size within the range of 5MHz and 20MHz for LP-WUS and LP-SS in both idle/inactive and connected state. 
Proposal 7: Study a dedicated BWP for the placement of LP-WUS and LP-SS, with the maximum bandwidth within the range of 5MHz to 20MHz. 
Proposal 8: The configurable BW of LP-WUS and LP-SS and its associated dedicated BWP can be configured to the UE during initial access. 
Proposal 9: To locate LP-WUS in the time domain, a reference point and an offset from the reference point be used: 
· For idle/inactive UEs, the incoming PO or SSB can be used as a reference point
· For connected UEs, SSB or periodic LP-SS can be used as reference point.

Proposal 10: 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. 
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