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Introduction
A revised WID with updated objectives for RAN4 part was agreed in last RAN meeting [1]. This meeting is the first RAN4 meeting to discussion Rel-19 RAN4 related aspects for LP-WUS/WUR. Following objectives are copied from the WID:
	· 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).
· [bookmark: OLE_LINK1]Specify UE low-power wake-up receiver requirements, at least REFSENS, ACS and ASCS requirements with consideration of possible new methodology to assess the low-power wake-up receiver performance
· Define guard RBs for ACS and ASCS cases
· Study testability of above requirements
· Consider impacts of different architecture and impairments, and set requirements that enable all types of reasonable implementation 
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
· Current NR BS requirements is baseline
· Specify necessary RRM requirements



RF part is mainly related to the last objective with consideration of RAN1 PHY design. This contribution provides our initial consideration for Rel-19 LP-WUS/WUR upon the study outcome in Rel-18 SI for the BS part.
Discussion
Overview of Rel-18 SI
What have been studied and discussed
The following part regarding the gNodeB RF impacts is cited from the SI TR [2]:
The power boosting of 3 dB or 6 dB of a WUS signal relative to the average power of a configured NR carrier can improve the WUS signal coverage. It is beneficial to enable the 3dB or 6 dB power boosting at the existing network. Therefore, RAN4 assumes to reuse the legacy RF specification as a starting point. Some company observed that 3 dB or 6 dB power boosting for a 24 RB WUS signal may not be feasible for some of deployed gNB when average power is kept the same before and after power boosting. It is feasible to configure different PSD carriers in a multiple carrier configuration where WUS signal can be placed in a higher PSD carrier among all configured carriers. The amount of boosting is up to manufacturer declaration following the legacy manufacturer declaration. 
BS manufacturer could declare if power boosting for WUS signal is supported and the boosting level in the range of [0] to [6] dB is considered. Final power boosting level and the condition of power boosting will be decided based on further analysis in WI phase.
The main intention of BS power boosting is for better LP-WUR coverage, as the NF for LP-WUR is expected large and consequently result in worse REFSENS, which makes it hard to maintenance the same coverage for LR as MR. During the discussion, some companies worried about the power boosting due to concern for the potential impact on the legacy implementation, which is understandable, and it is the basic assumption in RAN4 that legacy gNB implementation should be considered for LP-WUS/WUR for protection of operator’s huge investment for 5G. 
To be further evaluated
According to the WID objective, a study phase is considered for BS part, mainly for the power boosting requirement.
· Study and if necessary specify or support by declaration, the corresponding BS requirements, e.g., dynamic range for LP-WUS/LP-SS. 
With above objective, we feel the group should try to find a balanced point to improve the LP-WUS coverage for a better gNB implementation while not having impact to the legacy BS.
BS RF requirements
Similar case for NB-IoT
Power consumption is an important metric for LP-WUR design, hence the REFSENS for LP-WUR is foreseen that not as good as normal NR receiver. For CP-OFDM based waveform, LP-WUS can be considered as in-band operation which is similar to NB-IoT co-existed with NR. If output power of LP-WUS would be boosted for the in-band operation, it would be helpful to counter the worse REFSENS due to LP-WUR for a better coverage. 
As a reference, NB-IoT power boosting could be a starting point for study of LP-WUS dynamic range for the in-band operation scenario. Noted that the range of power boosting for NB-IoT is different for different NB-IoT RB frequency positions, that should also be considered during the study of LP-WUS when power enhancement is one potential direction to be considered. 
NB-IoT RB power dynamic range for NB-IoT operation in NR in-band scenario can be found in TS 38.104 clause 6.3. The table below listed the requirement of NB-IoT RB power dynamic range for some channel BWs.
During the study for NB-IoT, it is recognized that 1 RB NB-IoT inside the CBW is a typical case. 
Table 6.3.4.2-1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3


For the in-band operation, the case for LP-WUS is not exactly the same as NB-IoT, as NB-IoT is RB based and the RB size is not fixed, while for LP-WUS, around 5MHz CBW is reserved even for the in-band operation, which means up to 24RBs could be allocated to LP-WUS together with NR RBs in a large CBW. Therefore, the power sharing with NR should be considered, especially for legacy BS without hardware upgrade for existing deployment.
Observation 1: Power boosting requirement for NB-IoT is different for different RB frequency positions.
Observation 2: There is no fixed RB numbers for NB-IoT for in-band operation like LP-WUS, which occupies 5MHz BW no matter whether all RBs for LP-WUS are scheduled.
Power sharing and impact to NR
During the study for NB-IoT, 1 RB NB-IoT inside the CBW is a typical case. The reason is partly due to that the power is shared by NB-IoT and NR. If several RBs of NB-IoT to boost the power of 6dB compared to the average power of all RBs in the carrier, the available power for NR would be decreased, which will have impact on the NR coverage. 
The concern on the power boosting for LP-WUS is valid. Here we use 10MHz CBW with 5MHz reserved for LP-WUS as an example to illustrate the impact to NR coverage. 
Suppose all 24RBs of LP-WUS are transmitting, but only some of them can boost 6dB power compared to the average power for all RBs including both LP-WUS and NR. It can be seen in Figure 1 that with increasing of number of LP-WUS RBs supporting power boosting, the per RB output power for NR would be decreased. The NR power could be reduced by 3dB if 6 WUS RBs boost the power by 6dB. Or if we keep the power of NR per RB unchanged, the available RBs for NR should be reduced as shown in the right figure. 
[image: ]  [image: ]
Figure 1: Power reduction for NR vs power boosting of some LP-WUS RBs 
(all WUS RB are transmitting)  
Alternatively, if not all 24 RBs reserved for LP-WUS are transmitting but the RBs with power boosting are transmitting, we see the per RB power of NR could be decreased bit lower than the above case, but only 6 RBs can be supported for LP-WUS with power boosting if no coverage impact is allowed for NR.
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Figure 2: Power reduction for NR vs power boosting of some LP-WUS RBs 
(only power boosting WUS RBs are transmitting)
Observation 3: Since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact on the NR coverage.
Dynamic range and/or power boosting declaration for LP-WUS
Still we use NB-IoT as reference to further discuss the possible dynamic range requirement and power boosting declaration for LP-WUS.
As seen in section 2.2.1 for NB-IoT, two values of power boosting can be supported hinged to RB frequency positions, and the two values are minimum supported power boosting level. Since the supported RB size of NB-IoT is different from the case on LP-WUS, we think the highest boosting level should be capped as 6dB according to the SI discussion, while the minimum requirement for boosting could be considered as 3dB if specified, and FFS whether the boosting relies on the position of LP-WUS RB allocation, i.e. whether the 5MHz BW is surrounded by NR RBs or it is allocated to the edge of a large channel BW.
Proposal 1: It is proposed to consider 3dB power boosting as minimum requirement, and cap the boosting level to max 6dB. Whether the BS can support power boosting depends on manufacturer’s declaration. FFS whether the boosting relies on the position of LP-WUS RB allocation.
Regarding manufacturer’s declaration, it is specified in the BS conformance test specification, e.g. reference in [3] for FR1. The following part relevant to NB-IoT power boosting are copied from [3].
Table 4.6-1 Manufacturer declarations for BS type 1-C and BS type 1-H conducted test requirements
	Declaration identifier
	Declaration
	Description
	Applicability

	
	
	
	BS type 1-C
	BS type 1-H

	D.41
	NB-IoT operation
	Manufacturer shall declare the support of NB-IoT operation in NR in-band and the number of supported NB-IoT carriers in total and for each supported band, frequency range and channel bandwidth.
	x
	

	D.43
	NB-IoT power dynamic range
	If the BS supports NB-IoT operation in NR in-band, manufacturer shall declare the maximum power dynamic range it could support with a minimum of +6dB or +3dB as specified in clause 6.3.4 of TS 38.104 [2] (Note 5).
	x
	


Similarly, as we discussed in section 2.2.2, the supported RB numbers of LP-WUS would have impact on NR coverage if power boosting is declared with power sharing taken into consideration. Thus, the RB number supporting power boosting for LP-WUS should be declared by the manufacturer. 
Proposal 2: Together with the power boosting level, the RB number of LP-WUS which can support power boosting should be considered as a condition to be declared as well.
Conclusion
This contribution provides our further consideration for power booting of LP-WUS upon the study conclusion in Rel-18 SI. To have better coverage as well as acknowledgement of the implementation constraints of legacy gNB for power sharing between LP-WUS and NR signals, we have the following observations and proposals:
Observation 1: Power boosting requirement for NB-IoT is different for different RB frequency positions.
Observation 2: There is no fixed RB numbers for NB-IoT for in-band operation like LP-WUS, which occupies 5MHz BW no matter whether all RBs for LP-WUS are scheduled.
Observation 3: Since power is shared between LP-WUS and NR signals, the power boosting of LP-WUS may have impact on the NR coverage.
Proposal 1: It is proposed to consider 3dB power boosting as minimum requirement, and cap the boosting level to max 6dB. Whether the BS can support power boosting depends on manufacturer’s declaration. FFS whether the boosting relies on the position of LP-WUS RB allocation.
Proposal 2: Together with the power boosting level, the RB number of LP-WUS which can support power boosting should be considered as a condition to be declared as well.
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