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1 Introduction
In the approved new WID for low-power wake-up signal and receiver for NR (LP-WUS/WUR) [1], one important direction is to specify solutions for LP-WUS operation in IDLE/INACTIVE modes.· 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.

This contribution discusses aspects related to LP-WUS operation in IDLE/INACTIVE modes.
2 Information carried by LP-WUS
1 
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[bookmark: _Hlk142411003][bookmark: _Ref142605378]In RAN1#112b-e, it has been studied that the content of LP-WUS can be information on which user(s) is/are targeted by the LP-WUS, e.g., UE-group, -subgroup or -ID, which can be shown as below:

	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 general, the amount of information carried by LP-WUS shall be limited by the detection performance and amount of resource allocated for LP-WUS. Typically, a larger amount of information implies higher requirement on the signal design to reliably carry such information, e.g., with reasonable false alarm rate and mis-detection rate. Hence, RAN1 shall carefully determine the essential information carried by the LP-WUS, subject to the functionality of LP-WUS. 
First of all, to avoid waking up UEs in the whole network, the transmission of LP-WUS should not be in a SFN manner. Besides, to trigger paging monitoring in RRC_IDLE/RRC_INACTIVE mode, there is no need to design LP-WUS as a cell-specific or per-UE specific signal. Considering that the identification information shall be carried by the LP-WUS, it implies the type of the signal can be done for group of UEs. Therefore, the candidate identification information can be a UE-group ID or even more hierarchical indication such as UE subgroup ID (e.g., these ID(s) can be configured by the gNB or pre-determined).
Then, when LP-WUS is used for an explicit indication to trigger the operation of Main Receiver (MR), such indication should be carried by the LP-WUS. For example, the indication on whether each UE-(sub)group wakes up or not is carried by the single bit such as DCI format 2_7. After a UE receives the LP-WUS, it can determine whether to trigger the paging monitoring based on the indication information.
Lastly, depending on the further functionality of LP-WUS, additional information can be studied to be carried by the LP-WUS, such as indication on the modification of system information SI change and ETWS/CMAS information. For carrying such information, the trade-off between the payload size and detection performance shall be further investigated. 
Proposal 1: For RRC_IDLE/RRC_INACTIVE mode, information carried by LP-WUS can include:
· Identification (UE-group ID, or UE-subgroup ID);
· Indication on whether to trigger the paging monitoring;
· FFS: If the payload size allows, other information to support additional functionality such as SI change and ETWS/CMAS information.
In RAN1 #116, it has been already achieved an agreement for the maximum number of LP-WUS information bits for RRC connected mode, which can be shown as:
	Agreement
For RRC CONNECTED mode, maximum number of LP-WUS information bits is up to X bits 
· FFS value X, which is no more than [8 or 16]


Since there was already agreed that maximum number of LP-WUS information bits is up to X bits in RRC CONNECTED mode, we think a same value should be supported as an upper-bound for RRC_IDLE/RRC_INACTIVE mode. Whether or not X can be different from that for RRC CONNECTED mode can be further discussed.
Proposal 2: For RRC_IDLE/RRC_INACTIVE mode, maximum number of LP-WUS information bits is up to X bits, X is no more than [8 or 16].
3 Configuration of LP-WUS/LP-SS
3 
In the WID, it has been noted that at least duty-cycled monitoring of LP-WUS is supported. For the configuration of LP-SS in time domain, periodic signal was discussed to support synchronization and RRM measurement in LR.
In this section, we further investigate the frequency domain and time domain resource allocation for LP-WUS and LP-SS.
[bookmark: _Hlk157151991]Time and frequency resources for LP-WUS 
In RAN1 #116, it has been made a definition for LP-WUS occasions (LOs) and LP-WUS monitoring occasions (MOs), which can be shown as:
	Agreement
LP-WUS occasions (LOs) are defined for LP-WUS monitoring.
· Each LO has one or more LP-WUS monitoring occasions (MOs), where UE can monitor for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· FFS whether or not each LO is defined as a time window that covers the corresponding LP-WUS MOs
· FFS details
· It is at least supported that a UE monitors LOs with a configured periodicity.
· FFS eDRX, if supported


Based on the agreement, the LP-WUS monitoring occasions can be defined in a DRX manner, wherein the gap between two neighboring monitoring occasions, the offset from the start of the LO to the first monitoring occasion or the offset from the end of the LO to the last monitoring occasion, and the duration for each monitoring occasion can be configured by the gNB. Such configuration can be delivered to the UE before the MR is turned to sleep mode, for example, by system information for RRC_IDLE and RRC_INACTIVE mode. An illustration of the DRX operation for the LR is shown in Figure 1. 
[image: ]
[bookmark: _Ref126845834]Figure 1 Illustration of the DRX operation for the LR.
Proposal 3: Support DRX operation for LP-WUS monitoring, wherein the DRX configuration can be provided to the UE by system information for RRC_IDLE and RRC_INACTIVE mode.
Regarding the number of LP-WUS MOs for each beam (i.e. K) there are two options; K = 1, and K >= 1. We believe for the sake of the simplicity of the specification, Option 1, i.e. K = 1, should be supported. For Option 2, i.e. K >=1, there are some justifications such as gNB scheduling flexibility. However, we do not see any immediate advantage by selecting Option 2 and so-called scheduling flexibility. Hence, unless there are solid proof that Option 2 provides some meaningful advantages compared to Option 1 in terms of latency and LP-WUS mis-detection, we would like to select Option 1 which is a simple option in terms of the specification.    
Proposal 4: For the number of LP-WUS MOs for each beam select Option 1: K=1.   
Referring to the periodicity of LP-WUS occasions, it can be same as iDRX cycle. In this case, there can be 3 association method between LO and PO, which are 
· Option 1: one LO is associated with one PO.
· Option 2: one LO can be associated with multiple POs.
· Option 3: multiple LOs can be associated with one PO. 
Compared with option 1 and 2, the resource overhead seems much higher for option 3. When option 1 and 2 are adopted, if the UE detects LP-WUS and the LP-WUS indicates the UE to monitor its associated PO, the MR will be waked up to monitor the associated PO. However, considering the limited information bits carried by LP-WUS, option 1 can be supported in our option.
[bookmark: _Hlk157935892]Proposal 5: The periodicity of LP-WUS occasion can be same as iDRX cycle.
Proposal 6: One LO can be associated with one PO.
The time location of a LP-WUS occasion is determined by a reference point and one or more offset(s), wherein the reference point is the start of the first PF of the PF(s) associated with the LP-WUS occasion, or the first DRX cycle of the DRX cycle(s) associated with the LP-WUS occasion, or the first PO of the multiple PO(s) associated with the LP-WUS occasion. Or the reference point can be the PF(s) associated with paging monitoring which is specified in TS38.304. The offset(s) can be a frame level and/or a slot-level and/or a symbol-level offsets from the reference point to the start or the end of the LP-WUS occasion. The time location of LP-WUS occasion can be configured by gNB by system information for RRC_IDLE and RRC_INACTIVE mode. 
[bookmark: _Hlk158022202]Proposal 7: The time location of LP-WUS occasion can be determined by a reference point and one or more offset(s), which can be configured by system information.
  For the configuration of the offset(s), it should be determined based on the time gap between the end position of the LP-WUS monitoring and the reference point. And it should guarantee enough time considering LP-WUS processing time, MR ramp-up time, and synchronization time of the MR (e.g. at least > 400ms) so that MR can be ready for the reception of data.
Proposal 8: The time offset between the end position of the LP-WUS monitoring and the reference point should be larger than LP-WUS processing time, the MR ramp-up time and the synchronization time of the MR considered (e.g., at least > 400ms).
Refer to the minimum time offset between LP-WUS and PO monitoring, it has beneficial to allow UE reports the capability on the ramp-up time. When UE reports the supported ramp-up time, gNB can confirm that the MR can be waked up to monitor the corresponding PO after the configured minimum time offset. In this case, the network and UE can align their understanding on the minimum time offset. In addition, even though different MR ramp-up time and different sleep state may be supported, considering that this is in RRC IDLE/INACTIVE modes, the simplest way is to ensure the UE with the longer ramp-up time can be waked up after the configured minimum time offset. And UE with shorter ramp-up time can turn on its MR later within the configured minimum time offset based on UE implementation.
Proposal 9: UE report one value per SCS for the minimum time offset, NW can configure one offset value based on the reported UE capability.
Configuration of LP-SS 
When UE monitors LP-WUS, the MR of a UE could enter ultra-deep sleep state, which denotes a state that the MR may sleep or turn off in RRC_IDLE and RRC_INACTIVE mode. LP-SS can be designed to be common among UE groups, which means LP-SS is a cell-specific signal. In the SI stage, for evaluations assumption, the periodicity of LP-SS can be at least 320ms (e.g., 320ms, 640ms, 1280ms, 2560ms, 5120ms, and 10240ms) [2]. However, the periodicity of LP-SS should be decided considering the target residual timing error before LP-WUS reception to achieve the target coverage as explained in our companion paper [3]. Therefore, the periodicity of LP-SS should be carefully determined. The duration and the bandwidth of LP-SS shall be determined according to the target for measurement accuracy.
Since LP-SS can be specified to take the function of RRM measurement for serving cell in LR, to perform entire or partial RRM offloading on LP-SS, it’s better to associate the power control parameter of LP-SS with SSB. That is to say, LP-SS power control parameter can be determined by a power control offset relative to ss-PBCH-BlockPower, which is defined as the average EPRE of the resources elements that carry secondary synchronization signals. The EPRE ratio between LP-SS and the SSB shall be configured by system information. In addition, the QCL relationship between LP-SS and SSB shall be further studied.
Proposal 10: LP-SS power control parameter can be determined based on the EPRE ratio between LP-SS to the ss-PBCH-BlockPower.
4 
4 The entry/exit condition for LP-WUS monitoring 
In the previous meeting, the following working assumption has been approved for the entry/exit conditions for LP-WUS monitoring in IDLE/INACTIVE modes. In this section, we further analyze the entry/exit condition based on the FFS part. Before discussing the entry/exit condition, it is noted that LP-WUS transmission is up to gNB and it can be activated/deactivated by a gNB signaling. For example, it can be LP-WUS/LP-SS configuration itself or it can be a separate signaling from LP-WUS/LP-SS configuration.
	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
· 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
· 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.



5 
The condition to enable LP-WUS monitoring
Before the entry condition to enable LP-WUS monitoring and LP-SS measurement is satisfied, UE should perform legacy measurement on serving cell based on SSB in RRC_IDLE/INACTIVE modes, e.g., for cell (re)selection purpose. Hence, it is straightforward to use the legacy SSB as the target reference signal for configured entry condition. That is, when the RSRP and the RSRQ of the serving cell's SSB measured by MR is better than a configured threshold, UE considers the entry condition is satisfied, then, LP-WUS monitoring could be enabled and MR could enter ultra-deep-sleep state for power saving. At this time, the synchronization and/or RRM measurement for serving cell can be performed based on LP-SS or the PSS/SSS in the legacy SSB in LR. Besides, due to the unclear RRM measurement relationship between MR and LR, further discussion is needed on whether the RSRP and/or RSRQ of LP-SS/SSS on LR should be considered as other conditions for enabling LP-WUS monitoring.
Proposal 11: UE may start LP-WUS monitoring when the entry conditions for LP-WUS monitoring is satisfied:
· RSRP and the RSRQ of the SSB for serving cell measurement is better than a configured threshold;
· [bookmark: _Hlk165895634]FFS: RSRP and/or the RSRQ of the LP-SS/SSS on LR. 
Fallback condition for LP-WUS monitoring
When UE moves out of the coverage of LP-WUS and LP-SS, the network cannot wake up UE's MR via LP-WUS. In this case, MR should be ramp-up to avoid missing the paging message. To solve this issue, one of the exit conditions for LP-WUS monitoring should be that the UE is out of LP-WUS and LP-SS coverage. That is to say, if the RSRP and RSRQ of LP-SS are less than the threshold configured by system information, the UE could stop monitoring LP-WUS and wake up MR to monitor PEI or to receive paging message. Another case that the UE should stop LP-WUS monitoring is that when the UE haven’t received LP-WUS for a configured time duration, to avoid missing the paging message, MR should be waked up to find if there are any paging messages for the UE. 
Proposal 12: A UE stops monitoring LP-WUS when the fallback condition is satisfied:
· RSRP and RSRQ of LP-SS/the legacy SSB are less than the threshold configured by system information; 
· Or, the UE haven’t received LP-WUS for a configured time duration;
5 LP-WUS for eDRX
If the UE operates in eDRX with an eDRX cycle no longer than 1024 radio frames, it monitors POs as defined for iDRX with configured eDRX cycle. In this case, LP-WUS should be supported without any changes. If eDRX cycle longer than 1024 radio frames, PTW is configured for PDCCH monitoring, which means only PO located in PTW can be monitored by UE with configured eDRX cycle. In this case, the association relationship between LP-WUS occasion and PTW can divided into 3 options, which are:
· Option 1: LO can be configured inside the PTW. 
· Option 2: LO can be configured outside the PTW.
· Option 3: LO can be configured regardless the PTW
For option 1, when LO is configured inside the PTW, it will further limit the duration for PDCCH monitoring, but the latency will be increased due to the large ramp up time. For option 2, since the PTW is UE-specific and determined by a Paging Hyperframe, LO can be configured to trigger PO monitoring in one or more PTW, which will reduce unnecessary PO monitoring in PTW. For option 3, it can reduce the latency for paging reception, but more specification impact will be introduced.
[bookmark: _Hlk162516835]Proposal 13: LP-WUS for eDRX can be supported for RRC_IDLE/RRC_INACTIVE mode, and LO can be configured when PTW is configured. Whether LO should be configured inside the PTW or outside the PTW can be further discussed.
6 RRM measurement and relaxed RRM measurement
In the previous meeting, RAN1 has defined the metrics for RRM serving cell measurement performed by OOK-based receiver based on LP-SS, which can be shown as following. In this section, we discussed the metrics for RRM serving cell measurement performed by OFDM-based receiver based on PSS/SSS.

	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
Note: The exact metrics for OOK-based receiver to be used and defined in the specifications depend on the outcome of [RAN1]/RAN2/RAN4 discussions.


After reviewing the definition for SS reference signal received power in TS 38.215, we think the definition of RSRP and RSRQ defined for NR can be reused as the metrics for RRM measurement for serving cell performed by OFDM-based receiver. For the reference signal used for RRM measurement in LR, since SSS is mandatory used and PBCH and CSI reference signals is optional used for legacy NR RRM measurement, only SSS is enough for OFDM-based receiver to perform RRM measurement for serving cell in our understanding. Besides, whether some time domain metrics should be defined for OFDM-based receiver without FFT module can be discussed further. 
[bookmark: _Hlk165899536]Proposal 14:  For OFDM receiver, only SSS can be used for RRM measurement for serving cell. Referring to the metrics for RRM measurement for serving cell performed by OFDM-based receiver, the definition of RSRP and RSRQ defined for NR can be reused from RAN1’s perspective.
· FFS: time domain metrics
Based on the WID shown as below, when the UE starts LP-WUS monitoring and stops the legacy paging monitoring, RAN1 has not yet been determined whether the timing of MR can be reused by LR and/or whether the LP-SS should be used for synchronization after LR turn on.
	· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)


In our understanding, since LR has its own local oscillator, the timing of MR cannot be reused directly by LR when the conversion from MR to LR occurs. When the LR turn on, it should first perform synchronization based on LP-SS for OOK receiver and PSS/SSS for OFDM receiver. After the clock of LR is calibrated, UE starts LP-WUS monitoring. That is to say, when the condition to enable LP-WUS is satisfied, at least synchronization should be performed based on LP-SS and PSS/SSS. In this case, if LR support RRM measurement subject to UE capability, LP-SS can be used for serving cell measurement. However, the condition to enable RRM measurement by LR based on LP-SS and SSS should be decided by RAN4 and RAN2 according to the WID.
Proposal 15: When the UE starts LP-WUS monitoring and stops the legacy paging monitoring, LR performs at least synchronization based on LP-SS for OOK receiver if the timing of MR cannot be reused by LR. In this case, LP-SS can be used for serving cell measurement if LR support RRM measurement subject to UE capability from RAN1’s perspective. The condition to enable RRM measurement by LR based on LP-SS and SSS should be decided by RAN4 and RAN2 according to the WID.
7 Conclusion
This contribution discusses the solutions for LP-WUS operation in RRC_IDLE/RRC_INACTIVE modes. Proposals are summarized as follows: 
Proposal 1: For RRC_IDLE/RRC_INACTIVE mode, information carried by LP-WUS can include:
· Identification (UE-group ID, or UE-subgroup ID);
· Indication on whether to trigger the paging monitoring;
· FFS: If the payload size allows, other information to support additional functionality such as SI change and ETWS/CMAS information.
Proposal 2: For RRC_IDLE/RRC_INACTIVE mode, maximum number of LP-WUS information bits is up to X bits, X is no more than [8 or 16].
Proposal 3: Support DRX operation for LP-WUS monitoring, wherein the DRX configuration can be provided to the UE by system information for RRC_IDLE and RRC_INACTIVE mode.
Proposal 4: For the number of LP-WUS MOs for each beam select Option 1: K=1.
Proposal 5: The periodicity of LP-WUS occasion can be same as iDRX cycle.
Proposal 6: One LO can be associated with one PO.
Proposal 7: The time location of LP-WUS occasion can be determined by a reference point and one or more offset(s), which can be configured by system information.
Proposal 8: The time offset between the end position of the LP-WUS monitoring and the reference point should be larger than LP-WUS processing time, the MR ramp-up time and the synchronization time of the MR considered (e.g., at least > 400ms).
Proposal 9: UE report one value per SCS for the minimum time offset, NW can configure one offset value based on the reported UE capability.
Proposal 10: LP-SS power control parameter can be determined based on the EPRE ratio between LP-SS to the ss-PBCH-BlockPower.
Proposal 11: UE may start LP-WUS monitoring when the entry conditions for LP-WUS monitoring is satisfied:
· RSRP and the RSRQ of the SSB for serving cell measurement is better than a configured threshold;
· FFS: RSRP and/or the RSRQ of the LP-SS/SSS on LR. 
Proposal 12: A UE stops monitoring LP-WUS when the fallback condition is satisfied:
· RSRP and RSRQ of LP-SS/the legacy SSB are less than the threshold configured by system information;
· Or, the UE haven’t received LP-WUS for a configured time duration;
Proposal 13: LP-WUS for eDRX can be supported for RRC_IDLE/RRC_INACTIVE mode, and LO can be configured when PTW is configured. Whether LO should be configured inside the PTW or outside the PTW can be further discussed.
Proposal 14:  For OFDM receiver, only SSS can be used for RRM measurement for serving cell. Referring to the metrics for RRM measurement for serving cell performed by OFDM-based receiver, the definition of RSRP and RSRQ defined for NR can be reused from RAN1’s perspective.
· FFS: time domain metrics
Proposal 15: When the UE starts LP-WUS monitoring and stops the legacy paging monitoring, LR performs at least synchronization based on LP-SS for OOK receiver if the timing of MR cannot be reused by LR. In this case, LP-SS can be used for serving cell measurement if LR support RRM measurement subject to UE capability from RAN1’s perspective. The condition to enable RRM measurement by LR based on LP-SS and SSS should be decided by RAN4 and RAN2 according to the WID.
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