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[bookmark: _Ref521334010]Introduction
In RAN#102, the following objectives were agreed for studying Low-power wake-up signal and receiver (LP-WUS/ WUR) for NR [1]:
	[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
· [bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK175]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


This paper discusses the aspects of UE capability, configuration of LP-WUS, subgrouping, the LP-WUS monitoring procedures and LP-WUS detection for RRC_ IDLE/INACTIVE modes. 
Discussion
As discussed in Rel-18 LP-WUS/WUR study [2], significant UE power saving gain (up to more than 90%) can be achieved by using LP-WUS/WUR to trigger UE MR paging monitoring compared with existing I-DRX operation (with and without PEI), if sufficient relaxation to MR RRM measurement is applied RRC_IDLE/INACTIVE mode UEs. Moreover, significant UE power saving gain and moderate paging latency increasing is achieved if LP-WUS monitoring is restricted within existing PTW of eDRX. 
UE capability of the support of LP-WUS and network acknowledgment of the system parameters associated with LP-WUS configuration
The network should be indicated by UE whether UE supports monitoring LP-WUS during the NAS registration. In Rel-17, if a UE supports the paging subgrouping, the UE indicates the support of PEI (paging early indication) indicating paging subgrouping (PEIPS) during UE registration procedure[3]. Once the network supports and accepts the use of the PEIPS assistance information for the UE, the network provides to the UE with the PEIPS assistance information, including the paging subgroup ID. In the same time, additional information of supporting LP-WUS would be included in UE registration procedure.
Proposal 1：UE capability of the support of LP-WUS can be indicated during UE registration procedure through NAS procedure.
Configuration of LP-WUS
The LP-WUS resource in time and frequency domain would be configured from the system information, control signaling and formula in derivation for the RRC_IDLE/INACTIVE modes UEs. When the NR network operates the beam sweeping for RRC_IDLE/INACTIVE modes UEs, one paging occasion (PO) would be associated with one SSB during the beam sweeping. Multiple LP-WUS resources would be configured for the UE with each LP-WUS resource associated with one PO. 
LP-WUS configuration information through system information and/or NAS signaling 
For RRC_IDLE/INACTIVE modes UEs, the resource for the LP-WUS can be configured to all UEs by system information. In Rel-17, the resource allocation of PEI monitoring occasion in time domain for UE's PO is determined by a reference point and an offset symbol-level from the reference point to the start of the first PDCCH monitoring occasion of this PEI monitoring occasion. The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI monitoring occasions [4]. UE determines the first PDCCH MO for PEI monitoring occasions based on the frame-level offset and the symbol-level offset, which is broadcasted in system information. If PEI and subgrouping are configured to the UE, the paging group in the paging occasion can be divided into one or more subgroups. In the DCI format 2_7 field, each bit indicates the early paging indication of one paging subgroup of a paging occasion. The paging subgroup can be either assigned by CN through NAS signaling or derived from UE_ID. A UE supporting CN assigned subgrouping can be assigned a subgroup ID (between 0 to 7) by AMF through NAS signaling. When the paging subgroup is derived from the UE_ID, the subgroup-ID is derived by UE-ID and the number of subgroups for UE_ID based subgrouping in a PO, which is broadcasted in system information. 
In Rel-18 LP-WUS/WUR study, the LP-WUS was applied to trigger MR wake up to monitor PO for achieving UE power saving. The paging subgroup specified in Rel-17 should also be supported by the LP-WUS to reduce the probability of wakeup and further reduce the power consumption. Similar to the PEI configuration in Rel-17, the LP-WUS configuration information with parameters such as offset, bandwidth, and subgroup-ID can be broadcasted in the system information and/or assigned by AMF through NAS signaling. 
Proposal 2: The parameters of LP-WUS configuration can be indicated by SIB-1/SIB-x and/or NAS signaling.
The determination of LP-WUS monitoring occasion associated with PEI monitoring occasion or paging occasions
In DRX adaptation for RRC_CONNECTED mode UEs in Rel-16, an offset value from the beginning of the DRX ON is configured on the PCell or the SpCell to indicate the PDCCH monitoring for the detection of DCI format 2_6 for triggering UE wakeup at the subsequent DRX ON. For RRC_IDLE/INACTIVE modes UEs in Rel-17, the PEI monitoring occasions is configured with the frame-level offset and the symbol-level offset with respect to the target PO. The resource allocation of LP-WUS monitoring occasion can be determined by an offset from the configured PEI/PO monitoring occasion depending on the procedures of LP-WUS monitoring in section 2.5.1, where LP-WUS is used to indicate whether the MR wake-up from sleep state (e.g., ultra-deep sleep or deep sleep state) for PEI/PO monitoring. 
Considering the ramp-up time i.e. at least 400ms for MR wake up from the ultra-deep sleep state to the active state [2], the offset value of the LP-WUS monitoring occasion relative to the PEI monitoring occasion/PO should be at least larger than 400ms. The corresponding value of DRX cycle should larger than 320ms in order to make sure that UE MR can transition from the ultra-deep sleep state.
Proposal 3: For RRC_IDLE/INACTIVE modes UEs, the offset value of the LP-WUS monitoring occasion relative to the target PEI monitoring occasion/PO should be configured based on the transition time of different sleep mode and the DRX cycle. 
[bookmark: _Ref157628168]The bandwidth and the starting PRB of the LP-WUS 
As study in Rel-18 LP-WUS/WUR [2], The LP-WUS BW smaller or equal to 5MHz would be supported and configured in the initial BWP for RRC_IDLE/INACTIVE modes UEs. To increase the number of LP-WUS transmission occasions, the system BW for LP-WUS can be partitioned into N LP-WUS channels where N=2^x, x= {1, 2, 4}. As shown in Figure 2‑1, the LP-WUS system BW is divided into 4 segments with each segment is configured with on LP-WUS channel with channel index=1/2/3/4. Once a starting point is configured, the frequency range of each LP-WUS channel can be associated with a channel index. For example, frequency range of the LP-WUS channel #2 (e.g. index=2) is from {Starting_point+(Channel_BW+Guard_band)*(index-1)} to {Starting_point+Channel_BW*index+ Guard_band *(index-1)}.


[bookmark: _Ref157617275]Figure 2‑1： Multiple LP-WUS channels
Proposal 4: The configuration of the LP-WUS in frequency domain can be associated with the channel index.
Beam sweeping 
In TR38.304 [4], the PO and PEI monitoring occasions for beam sweeping is defined with each PO/PEI monitoring occasions followed the SSB transmission time. Similar, the beam sweeping and multiple LP-WUS monitoring occasions per beam should be supported for LP-WUS. A LP-WUS monitoring occasion may last multiple symbols based on the signal design in AI-9.6.1. The multiple LP-WUS monitoring occasions can be configured in TDM and/or FDM. A LP-WUS occasion can be defined as a set of 'S*A ' consecutive LP-WUS monitoring occasions, where 'S' is the number of actual transmitted SSBs and 'A' is the number of LP-WUS monitoring occasion per SSB. The [a*S+K]th LP-WUS monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB, where a=0, 0,1,…,A-1, K=1,2,…,S. For LP-WUS, the number of actual transmitted SSBs can be same as PO/PEI monitoring occasions. However, the number of LP-WUS monitoring occasion can be configured by higher layer parameter associated with each SSB location. 
Proposal 5: Multiple LP-WUS monitoring occasions should be configured in support of beam sweeping with each LP-WUS monitoring occasion associated with one SSB.
Support of paging subgroup using LP-WUS sequence associated with the PO
The LP-WUS can be designed with a sequence based structure or message based structure with information bits indicating the UE early paging indication. In Rel-17, the PEI is design to support up to 8 paging subgroups for each PO and a PEI can be configured to support no more than 4 POs. If LP-WUS support 8 paging subgroups for a PO, the OOK-1 based LP-WUS will require at least of 3 bits information to indicate each paging subgroups. The number of bits supported by the LP-WUS would be limited. Thus, the capability of paging subgroup indication should depends on the LP-WUS design whether sufficient number of information is supported.
Proposal 6: The paging subgroup indication by LP-WUS would depend on the number of information carried by LP-WUS in the LP-WUS design. 
The mapping of the information point carried by LP-WUS to the paging subgroup needs to be specified with parameters in the LP-WUS configuration when the paging subgroup is assigned by CN. When UE's subgroup is derived from the UE_ID, the LP-WUS sequence can be derived by the parameters e.g. UE-ID and the number of subgroups for UE_ID based subgrouping in a PO, which is broadcasted by system information. Thus, the LP-WUS sequence can be provided by NAS and/or derived from the parameters broadcasted by system information. 
Proposal 7: The parameters for the mapping of the information point carried by the LP-WUS to the paging subgroup can be provided by NAS and/or derived from the parameters broadcasted by the system information. 
LP-WUS monitoring procedures 
The LP-WUS monitoring procedures would depend on the LP-WUS design and the mapping of information point to the paging subgrouping. 



[bookmark: _Ref156556158]Figure 2‑3: Rel-17 PEI indication procedure
In Rel-17, the UE monitors one PEI occasion associated with its PO per DRX cycle. The preparation time and the coherent detection/decoding of the DCI format 2_7 on PDCCH for the wakeup indication of paging DCI and paging message decoding still demand large UE power consumption, as shown in Figure 2‑3. Generally, there are two ways that LP-WUS indicates paging monitoring with the support of paging subgroups. 
[bookmark: _Ref157531461]LP-WUS trigger PO monitoring 



Figure 2‑4: LP-WUS trigger PO monitoring
[bookmark: OLE_LINK106][bookmark: OLE_LINK109]The LP-WUS can be designed as the early indication of paging occasion monitoring. Once the LP-WUS is detected by the LP-WUR, the UE MR is waken up by the LP-WUS and triggered to transition from the ultra-deep sleep state into the active state. The MR needs to complete the time and frequency synchronization in order to perform coherent detection of the paging DCI decoding. Comparing to the PEI with DCI format 2_7 as the paging early indication in Rel-17 power saving techniques, the MR can stay in sleeping state and does not need to wake up in monitoring the PEI, which can achieve large UE power saving. However, the LP-WUS would need to carry the paging subgroup information as that of PEI. With limited payload size, how LP-WUS carry the paging subgroup information would depend on the design of LP-WUS. 
Proposal 8: For LP-WUS triggering waking up UE MR for PO monitoring, the LP-WUS should be designed to support the paging subgroup information with limited payload. 
LP-WUS trigger PEI monitoring 



[bookmark: _Ref157535536]Figure 2‑5: LP-WUS trigger PEI monitoring
The LP-WUS can be design to trigger the wakeup of UE MR for PEI monitoring. The LP-WUR monitors the LP-WUS to indicate whether MR should wake up in monitoring PEI, as shown in Figure 2‑5. If the LP-WUS does not indicate MR wake up to monitor PEI, the UE MR would continue sleeping for power saving. If the LP-WUS indicates to monitor PEI, LP-WUS would trigger MR wake up to monitor PEI. Whether MR should wake up to monitor PO in the subsequent DRX ON is based on PEI indication. In this case, the LP-WUS does not need to carry the paging subgroup information and the paging subgroup information is provided by the PEI. For achieving UE power saving, the LP-WUS could be designed to indicate multiple subgroupings information. 
Proposal 9: For LP-WUS triggering PEI monitoring, the LP-WUS is not required to carry the paging subgroup information but can carry the paging subgroup information to reduce the potential wakeup of UE MR for UE power saving.
Determination of LP-WUS detection
The UE monitors LP-WUS on an LP-WUS occasion. If UE decodes the LP-WUS correctly and indicates the subgroup the UE belongs to monitor its associated PO/PEI, the UE monitors the associated PO/PEI. The detection and decision of LP-WUS should be UE implementation. A decision threshold could be introduced for determining the LP-WUS detection. Based on the structure of LP-WUS, the decision threshold could be based on coded bit detection or the decoded information from information module. For encoded bits based LP-WUS, UE decode each bits at each symbol by energy detection. For sequence-based LP-WUS, UE decodes information by multiplying orthogonal sequence of received sequence within the module through simple gate operation and additions. The decision threshold can be pre-defined through system information or UE implementation without specification.
Proposal 10: The LP-WUS detection can up to UE implementation or determined by a predefined threshold. 
UE behavior of LP-WUS detection errors
If the UE detects LP-WUS and indicates the wake up of UE MR in monitoring PO or PEI/PO, the UE MR would wake up and monitor the PO or PEI. When UE determines the detection failure, e.g. the decision threshold is smaller than the a predefined threshold, the UE would fall back to legacy mechanisms i.e. UE would wake up the MR to monitor PEI when UE supports PEI or UE monitors PDCCH at the PO if UE does not support PEI.
Proposal 11: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening. 
Conclusion
In this contribution, we discuss aspects of UE capability, configuration of LP-WUS, subgrouping, the LP-WUS monition procedures and LP-WUS detection for RRC_IDLE/INACTIVE modes and give the following proposals.
Proposal 1：UE capability of the support of LP-WUS can be indicated during UE registration procedure through NAS procedure.
Proposal 2: The parameters of LP-WUS configuration can be indicated by SIB-1/SIB-x and/or NAS signaling.
Proposal 3: For RRC_IDLE/INACTIVE modes UEs, the offset value of the LP-WUS monitoring occasion relative to the target PEI monitoring occasion/PO should be configured based on the transition time of different sleep mode and the DRX cycle.
Proposal 4: The configuration of the LP-WUS in frequency domain can be associated with the channel index.
Proposal 5: Multiple LP-WUS monitoring occasions should be configured in support of beam sweeping with each LP-WUS monitoring occasion associated with one SSB.
Proposal 6: The paging subgroup indication by LP-WUS would depend on the number of information carried by LP-WUS in the LP-WUS design.
Proposal 7: The parameters for the mapping of the information point carried by the LP-WUS to the paging subgroup can be provided by NAS and/or derived from the parameters broadcasted by the system information. 
Proposal 8: For LP-WUS triggering waking up UE MR for PO monitoring, the LP-WUS should be designed to support the paging subgroup information with limited payload. 
Proposal 9: For LP-WUS triggering PEI monitoring, the LP-WUS is not required to carry the paging subgroup information but can carry the paging subgroup information to reduce the potential wakeup of UE MR for UE power saving.
Proposal 10: The LP-WUS detection can up to UE implementation or determined by a predefined threshold. 
Proposal 11: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening. 
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