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[bookmark: _Ref521334010]Introduction
In RAN1#116bis, the following agreements were achieved for studying low-power wake-up signal and receiver (LP-WUS/ WUR) for NR [1]:
	Agreement
For multi-beam operation of LP-WUS, UE assumes the same LP-WUS information payload is repeated in all transmitted beams corresponding to LP-WUS 
· the selection of the beam(s) for the reception of the LP-WUS is up to UE implementation 
Agreement
Each LO consists of N * K LP-WUS MOs, where N is the number of beams corresponding to LP-WUS, and K is the number of LP-WUS MOs for each beam.
· Option 1: K = 1 
· Option 2: K can be larger than or equal to 1
· FFS if more than 1 LP-WUS is transmitted from the same beam, whether the information in these multiple LP-WUS is always the same or can be different
Agreement
From RAN1 perspective, at least the following metrics can be supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS:
· LP-RSRP
· LP-RSRP is the linear average of received power of LP-SS in OOK ON symbols.
· FFS: How to determine the received power of LP-SS in OOK ON symbols
· LP-RSRQ
· LP-RSRQ = LP-RSRP/LP-RSSI
· For the definition of LP-RSSI for determination of LP-RSRQ, further consider the following options:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
· FFS: LP-SINR, Power ratio of OOK-ON symbol and OOK-OFF symbol
Note: RAN1 will send an LS to RAN2 and RAN4 on the measurement metrics that can be supported from RAN1 perspective, to facilitate RAN2/RAN4 discussions. The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.
Working Assumption
From RAN1 perspective, for the entry/exit conditions for LP-WUS monitoring in IDLE/inactive mode,
· The UE may start LP-WUS monitoring if
· the serving cell measurement performed by the MR is above entry threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· If UE starts LP-WUS monitoring, it may stop the legacy PO monitoring before UE receives LP-WUS indicating wake-up
· The UE monitors the legacy PO (and may monitor PEI) and may stop LP-WUS monitoring if
· the serving cell measurement performed by the LR is below exit threshold(s), if configured by the gNB, and/or
· FFS other conditions, and if any, whether all or one or some of the conditions need to be satisfied
· FFS the serving cell measurement metrics
· The entry/exit thresholds can be configured separately for different types of LR
· It is left to RAN2 discussion whether the threshold(s) are always configured by the gNB. 
· Note: This may be revisited based on the RAN2/RAN4 discussion.
Conclusion
LP-SINR is not considered further as a metric for RRM serving cell measurement for OOK-based receiver.


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 supporting LP-WUS monitoring
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 (MO) can be determined by an offset from the configured PEI/PO monitoring occasion depending on the procedures of LP-WUS monitoring, 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 MO 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. When the MR cannot enter the ultra-deep sleep mode, the LP-WUS still can have power saving gain over that of PEI detection since the power consumption of monitoring LP-WUS (i.e. 0.1~30 units) is lower than that of PEI (i.e. 100 units).   
Proposal 3: For RRC_IDLE/INACTIVE modes UEs, the offset value of the LP-WUS MO 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 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)}.
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[bookmark: _Ref163052470]Figure 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 TS38.304 [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 MOs per beam should be supported for LP-WUS. A LP-WUS MO may last multiple symbols based on the signal design in AI-9.6.1. In RAN#116bis, it has been agreed that each LO can be defined as a set of ' N * K ' consecutive LP-WUS MOs, where 'N' is the number of actual transmitted SSBs and 'K' is the number of LP-WUS MO per SSB. The [k*N+n]th LP-WUS MO for paging in the PO corresponds to the nth transmitted SSB, where k=0, 0,1,…,K-1, n=1,2,…,N. For LP-WUS, the number of actual transmitted SSBs can be same as PO/PEI MOs. The number of LP-WUS MO which  K can be  larger than or equal to 1. To increase the MR wakeup indication in the LP-WUS payload, different information, such as UE groups information, can be included in these LP-WUS when K is larger than 1. 
Proposal 5: The number of LP-WUS MOs for each beam can be larger than or equal to 1. The information of paging early indication by LP-WUS in multiple MOs within a SSB can be different.
Support of paging subgroup using LP-WUS sequence associated with the PO
The LP-WUS can be designed as a sequence based structure or message based structure with information bits indicating the UE early paging indication. In Rel-17, the PEI is designed 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. 
In RAN1#116, the association of LO and PO was discussed [6]. Following options were proposed: 
In case the periodicity of LO is the same as the iDRX cycle, for the association of LO and PO from cell perspective, consider the following options:
· Option 1: One LO is associated with one PO One-to-one mapping between LO and PO
· Option 2: One LO can be associated with multiple POs
· Option 3: Multiple LOs can be associated with one PO
· Note: each UE monitors one LO
· Combinations of the above are not excluded
Note: this does not imply how LO is defined or configured/derived, or whether there is explicit mapping defined
In Rel-17, the maximum payload of DCI format 2_7 or PEI can be more than 43 bits [5]. However, the payload size of LP-WUS is limited due to the LP-WUS design restriction as discussed in AI-9.6.1. If one LO can be associated with multiple POs for paging early indication, Option 2 will require large payload size of LP-WUS. For example, the payload size of LP-WUS is 24bit when one LO is associated with 3 POs with each PO configured with the maximum number of subgroups 8.
In Option 3, multiple LOs are associated with one PO which can be treated as the enhancement of Option 1 and require excessive resource overhead in the operation of LP-WUS. For example, when the number of supported subgrouping per PO is larger than the maximum payload size of LP-WUS, more than one LP-WUS is needed to indicate the whole paging subgrouping per PO. As shown in Figure 2, three LOs indicate all subgroups in one PO to reduce the payload size of LP-WUS for each LO. The time location of LOs can be provided by three separated offsets in relation with the SSB i.e. Offset_1, Offset_2 and Offset_3 w.r.t a reference time for the target PO. UE can derive the LOs from either one of LOs with different offset values e.g., Offset_1, Offset_2 and Offset_3. 
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[bookmark: _Ref166004604]           Figure 2: Multiple LOs can be associated with one PO
[bookmark: _GoBack]Multiple LOs could be configured in FDM with each LO at each sub-channel as shown in Figure 1, where four LOs located in different sub-channels of LP-WUS bandwidth can be configured to associate with different POs. For example, one PO consist of 8 subgroup UEs. One LO can carry 4 bit wakeup indication for 4 paging subgroups and the other bits could be used to carry the combination of more than one paging subgroups. The four FDM LOs can carry wakeup indication for two POs, simultaneously. 
Proposal 7: Support one and/or multiple LO(s) can be associated with one PO.
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 8: 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. 
Determination of LP-WUS detection
The UE monitors LP-WUS on an LP-WUS occasion (LO). 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 9: 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, 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 10: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening.
eDRX configuration 
In Rel-18 LP-WUS/WUR study [2], significant UE power saving gain and moderate paging latency increase is observed if LP-WUS monitoring is restricted within existing PTW of eDRX with the reuse of existing paging occasion determination. If the UE is configured with an extended DRX cycle no longer than 1024 radio frames, the DRX cycle equals to the configured eDRX cycle. UE monitors PO per configured eDRX cycle. Otherwise, a UE monitors POs per DRX cycle during a periodic Paging Time Window (PTW).For Rel-17, the PEI-O is associated with the DRX cycle i.e. the UE monitors one PEI occasion per DRX cycle. Similar, LO can also be associated with DRX cycle without additional specification impact. 
When the LP-WUS monitoring is performed outside the PTW of eDRX, the paging latency reduction and moderate UE power saving gain are observed from Rel-18 LP-WUS/WUR study. The UE complexity would increase if the LP-WUS monitoring is outside the PTW window.  There is no significant benefit in the support of monitoring the LP-WUS and corresponding paging outside the existing PTW since the eDRX is introduced for the use case which is not sensitive to latency. Thus, latency reduction should not be the first priority for LP-WUS power saving technique. 
Proposal 11: When eDRX is configured, LP-WUS is monitored within PTW.
RRM measurements
In RAN#116bis, LP-RSRP and LP-RSRQ (LP-RSRQ=LP-RSRP/LP-RSSI) were supported for RRM serving cell measurement performed by OOK-based receiver based on LP-SS. Regarding the definition of LP-RSSI, three options were listed as follows:
· Option 1: LP-RSSI is the linear average of total received power in all LP-SS OOK symbols.
· Option 2: LP-RSSI is the linear average of total received power in LP-SS OOK OFF symbols.
· Option 3: LP-RSSI is the linear average of total received power in LP-SS OOK ON symbols.
In Option1, the LP-RSSI is the linear average of total received power in all LP-SS OOK symbols, which includes both OOK OFF and ON symbols. This option can reflect the total received signal (e.g. LP-SS, inference and thermal noise etc.) strength through the whole time domain resource of LP-SS.  The RRSI measurements are the measurements for the total received power of signals, interference and noise and usually performed before the baseband processing. Thus, Option 1 should be supported. 
Proposal 12: The LP-RSSI measurement is defined as the linear average of total received power in all LP-SS OOK symbols.
Apart from the RRM measurement performed by OOK-based LR based on LP-SS, the RRM measurement metrics by OFDM-based LR based on SSB should also be studied. Since OFDM-based LR can share some components with MR and the OFDM-based LR with FFT module can measurement SSB like MR. Thus, existing metrics defined in [7] can be reused.
Proposal 13: Existing metrics in TS 38.215 can be reused for OFDM-based LR based on SSB.
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 MO 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 MOs should be configured in support of beam sweeping with each LP-WUS MO 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: Support one and/or multiple LOs can be associated with one PO.
Proposal 8: 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 9: The LP-WUS detection can up to UE implementation or determined by a predefined threshold. 
Proposal 10: The UE falls back to legacy mechanism when UE determines the LP-WUS detection errors happening. 
Proposal 11: When eDRX is configured, LP-WUS is monitored within PTW.
Proposal 12: The LP-RSSI measurement is defined as the linear average of total received power in all LP-SS OOK symbols.
Proposal 13: Existing metrics in TS 38.215 can be reused for OFDM-based LR based on SSB.
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