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Introduction
It was agreed in WID [1] to specify LP-WUS procedures and configurations in idle/inactive state.
	· 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)


In this contribution, we will discuss procedure and configurations of LP-WUS. As well, we will discuss RRM measurement issues.

Procedures for LP-WUS
1.1 Triggering MR to wake up
In SI stage, there were some procedures for LP-WUS triggering MR to wake up.
· Procedure-1: LP-WUS has the similar function as PO.
· Procedure-2: LP-WUS has the similar function as PEI.
· Procedure-3: LP-WUS can co-operates with PEI.
For Procedure-1, LP-WUS carries the paging message at least for a UE. Advantage is probability of MR wake-up is smallest. However, LP-WUS should carry the entire UE ID in paging message, which may be 48 bits. The resource overhead may not be affordable.
For Procedure-2, LP-WUS carries the similar information of wake-up indication(s) in PEI, e.g. 1 bit (if PEI subgroup is not enabled) or up to 3 bits (if PEI subgroup is enabled). In this way, LP-WUS can be an alternative for wake-up indication(s) in PEI, and the resource overhead of network can be saved in some cases. 
In fact, Procedure-2 was agreed in RAN1#116 [2] as the baseline LP-WUS function.
	Agreement
It is supported that the UE monitors the legacy PO after receiving LP-WUS indicating wake-up.
· FFS: support of UE monitoring dynamic PO


For Procedure-3, it seems LP-WUS and PEI can jointly operate to share the UE ID information, but unfortunately, LP-WUS information needs to include information of wake-up indication(s) in PEI, otherwise, MR may be waken up too often to check PEI for entire information of wake-up indication(s). The resource overhead may not be affordable.
In fact, Procedure-3 may not have direct spec impact according to the following agreement in RAN1#116 [2].
	Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.



Configurations for LP-WUS
PEI can be configured flexibly to suitable for different PO/PF and subgroup configurations. In our view, LP-WUS can be also configured flexibly.

1.2 Content of information bits in an LP-WUS
Different from DCI format 2_7, LP-WUS is expected to carry only limited information bits, especially when OOK sequence is used to carry information bits instead of encoded OOK bits. 
A DCI format 2_7 can be configured with from 1 bit of one PO without subgroup to X bits of POs in 2 PFs with subgroup. It means a block inside DCI format 2_7 should be associated to one PO and carry subgroup information. In our view, an LP-WUS should at least replace a block inside DCI format 2_7. In other words, an LP-WUS can be at least configured with from 1 bit for one PO without subgroup to X bits for one PO with subgroup.
Proposal 1: An LP-WUS can be at least configured with from 1 bit for one PO without subgroup to X bits for one PO with subgroup.

1.3 LP-WUS occasion and monitoring occasion

Definitions
uLike PEI-O or PO, LP-WUS support beam sweeping, which was agreed in RAN1#116 [2].
	Agreement
For the case where a UE supports PEI and PEI is configured by the gNB, after the UE receives LP-WUS indicating wake-up, it is up to UE implementation whether to monitor PEI or not.


[bookmark: _GoBack]Further, LP-WUS occasion and LP-WUS monitoring occasion were agreed to be introduced in RAN1#116 [2].
	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 monitors for LP-WUS transmission in each of the LP-WUS MOs.
· Different LP-WUS MOs may correspond to different beams in multi-beam operation
· It is not precluded that 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.
· Each UE has a periodicity for LO monitoring, and it is at least supported that a UE monitors one LO per period.
· FFS: A UE does not expect its LP-WUS monitoring occasions overlapping in time 
· FFS: monitoring of multiple more than one LOs per period e.g. if LP-WUS common to all UEs is supported or in case of eDRX (if supported)
· FFS eDRX, if supported



Association between LP-WUS occasion and PF/PO
Location of PEI (namely PEI occasion, i.e. PEI-O) is related to a PF containing the associated PO(s). In this way, PEI-O can carry partial UE ID information as well. This rule can be reused to reduce the number of information bits carried by LP-WUS. It means that an occasion of an LP-WUS can be related to a PO.
Proposal 2: Occasion of an LP-WUS can be related to a PO.
PEI-O is determined by frame-level offset and symbol-level offset between PEI-O and the PF containing the associated PO(s) and secondly symbol-level offset between. It seems tightly association between PEI-O and the PF. This is suitable for PEI-O which is actually a set of monitoring occasions of PDCCH, but may not be suitable for occasion of an LP-WUS which is OOK sequence(s). Whether occasion of an LP-WUS is determined by offset between occasion of an LP-WUS and the associated PO is FFS.
Proposal 3: Whether occasion of an LP-WUS is determined by offset between occasion of an LP-WUS and the associated PO is FFS.

RRM measurement by LP-SS
1.4 RRM measurement metrics by LP-SS
Measurement accuracy for LR based on LP-SS is to be discussed in RAN4. It is expected that if measurement accuracy has impact on the threshold. For example, if accuracy is low, the threshold should be high to avoid too optimistic relaxation. Therefore, we here only discuss metrics for LR based RRM measurement. For LP-SS based RRM measurement, RAN1 identified the following metrics in SI stage.
	-	LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
-	FFS RSSI resource.
-	LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
-	FFS resource of reference signal(s) or signal(s) parts
-	LP-SINR = LP-RSRP/(power of interference and noise) 
-	FFS how to define "power of interference and noise"
-	LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
-	Accounting AGC accuracy, ADC of at least 4 bits is required. 


For LP-RSRP, even for pure OOK-based LP-SS or pure envelop detection based receiver, LP-RSRP can be calculated by LP-SS.
For LP-SINR, even for pure OOK-based LP-SS or pure envelop detection based receiver, power of interference and noise may be calculated by LP-SS.
For LP-RSSI and LP-RSRQ, since RSSI is not based on reference signal, it may not only related to LP-SS. Whether pure envelop detection based receiver can calculate the total received power across a bandwidth can be discussed in RAN4, e.g. receiving filter of LR.
Proposal 4: At least LP-RSRP and LP-SINR for LR based RRM measurement can be supported from RAN1 perspective.

1.5 RRM measurement relaxation for serving cell
With offloading from MR to LR
As evaluated in SI, significant power saving gain can be achieved by RRM measurement relaxation for serving cell at MR. It is common understanding that RRM measurement for serving cell can be offloaded from MR to LR, and then RRM measurement for serving cell at MR can be relaxed. 
Similar to RRM measurement relaxation for neighboring cell, when signal quality (e.g. RSRP/RSRQ) of serving cell is greater than a threshold, RRM measurement for the serving cell at MR can be relaxed, e.g., performing RRM measurement for serving cell every 16 DRX cycles. 
Proposal 5: When signal quality (e.g. RSRP/RSRQ) of serving cell is greater than a threshold, RRM measurement for serving cell at MR can be relaxed (RRM measurement for serving cell can be offloaded from MR to LR).

Without offloading from MR to LR
On the other hand, RRM measurement relaxation for serving cell at MR without offloading from MR to LR may be also feasible, when UE stays in cell center. However, from perspective of energy saving gain, non-offloading may only provide limited energy saving gain and did not evaluated/justified in SI stage, since power consumption of LR is not dominant for power saving gain. 
Moreover, non-offloading may not be evaluated/justified in SI stage. Indeed, both MR and LR switching on was not evaluated widely in SI.
Proposal 6: Whether to support RRM measurement relaxation for serving cell at MR without offloading from MR to LR needs further study, e.g. impact of energy saving gain.

1.6 RRM measurement relaxation for neighboring cell
With offloading from MR to LR
RRM measurement for neighboring cell can only be performed by MR, which means offloading from MR to LR for RRM measurement for neighboring cell is not supported.

Without offloading from MR to LR
In current spec, RRM measurement relaxation for neighboring cell has been supported. A threshold (namely threshold A) can be configured for RRM relaxation for neighboring cell. As mentioned above, another threshold (namely threshold B) can be configured for RRM relaxation for serving cell (with offloading from MR to LR). Typically, threshold A is smaller than threshold B, which means RRM measurement relaxation for serving cell is more critical than RRM measurement relaxation for neighboring cell. 
If gap between threshold A and threshold B is small, further RRM measurement relaxation for neighboring cell may not provide obvious energy saving gain.
Moreover, similar to RRM measurement relaxation for serving cell, non-offloading may not be evaluated/justified in SI stage. Indeed, both MR and LR switching on was not evaluated widely in SI.
Proposal 7: Whether to support further RRM measurement relaxation for neighboring cell needs further study.
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We have the following proposals.
Configurations: Content of information bits in an LP-WUS
Proposal 1: An LP-WUS can be at least configured with from 1 bit for one PO without subgroup to X bits for one PO with subgroup.

Configurations: Occasion of an LP-WUS
Proposal 2: Occasion of an LP-WUS can be related to a PO.
Proposal 3: Whether occasion of an LP-WUS is determined by offset between occasion of an LP-WUS and the associated PO is FFS.

RRM measurement: RRM measurement metrics by LP-SS
Proposal 4: At least LP-RSRP and LP-SINR for LR based RRM measurement can be supported from RAN1 perspective.

RRM measurement: RRM measurement relaxation for serving cell
Proposal 5: When signal quality (e.g. RSRP/RSRQ) of serving cell is greater than a threshold, RRM measurement for serving cell at MR can be relaxed (RRM measurement for serving cell can be offloaded from MR to LR).
Proposal 6: Whether to support RRM measurement relaxation for serving cell at MR without offloading from MR to LR needs further study, e.g. impact of energy saving gain.

RRM measurement relaxation: RRM measurement relaxation for neighboring cell
Proposal 7: Whether to support further RRM measurement relaxation for neighboring cell needs further study.
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