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Introduction
This contribution summarizes the documents that are submitted to agenda 9.14.3 for RAN4#110bis and it concentrates on the following aspect.
1. Topic #1: On BS RF requirements for LP-WUS/WUR 

Topic #1: On the BS RF requirement for LP-WUS
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2404289
	Nokia
	This contribution has discussed the current NR BS requirements on dynamic range in TS 38.104. A new dynamic range requirement shall be added in TS 38.104 for LP-WUS/LP-SS, where the requirement value(s) should be specified after conditions such as LP-WUS/LP-SS transmission bandwidth and supported M value (OOK-1 and/or OOK-4) have been decided in RAN1.

	R4-2404447
	CATT
	Proposal 1: RAN4 to check the dynamic range for LP-WUS/LP-SS after RAN1 finalizes the corresponding signal designs.
Proposal 2: At this stage RAN4 may focus on the essential issue on LP-WUS carrier: whether it should be regarded as an extension of a broader BS carrier or as a standalone carrier. The choice of these two alternatives may lead to different directions for RAN4 standardization on this topic.

	R4-2404524
	NTT DOCOMO
	Observation 1: By introducing LP-WUS/LP-SS, the necessary of additional BS requirements must be discussed based on current BS specification, e.g., dynamic range.
Observation 2: OOK-1 and OOK-4 which are needed to specify the additional RE power dynamic range for LP-WUS/LP-SS has not specified. 
Proposal 1: We start discussing the RE power dynamic range for LP-WUS/LP-SS after OOK-1 and OOK-4 are specified.

	R4-2404590
	Samsung
	Observation 1: base station power boosting is quite important to achieve the target coverage, especially for UEs with OFDMA non-capable architectures.
Observation 2: if UE is not aware of BS power boosting information, there may be ambiguity on how to handle the RSRP of LP-WUS or LP-SS signals in case of UE serving cell RRM offloading.
Observation 3: following the principle applied for NB-IoT in NR in-band operation, co-existence between LP-WUS and NR should be up to the BS implementation and no BS RF requirement needed in the RAN4 specifications.
Proposal 1: RAN4 to confine the BS RF requirements within dynamic range (power boosting) and to confirm no other impacts to BS specifications, and further study the potential issue how to react with UE measurement aspect.

	R4-2404657
	vivo
	Proposal 1: Based on SI outcome and WID scope, RAN4 should study whether 2dB could be increased for LP-WUS RBs beyond current dynamic range level.
Proposal 2: RAN4 should discuss and decide a general framework to evaluate the LP-WUS/LP-SS dynamic range.
Proposal 3: RAN4 further check whether other BS RF requirements should be re-evaluated and specified to support LP-WUS transmission.

	R4-2404874
	Ericsson
	Observation 1: 3 dB power boosting is possible if CP-OFDM symbol used for LP-WUS generation is QPSK modulation.
Observation 2: No test model for power boosting is defined for FR2 and power boosting capability cannot be assumed for FR2 BS.
Proposal 1: RAN4 confirm whether the FR2 WUR is in scope of the WID.
Proposal 2: RAN4 should allow dynamic range requirements based on existing specification for OOK-1 waveform.

	R4-2405120
	ZTE
	Observation 1: As the power of LP-WUS increases, the power of NR signal decreases, which may deteriorate the coverage of NR signals.
Observation 2: For the case that LP-WUS is configured at edge or nearly edge, LP-WUS power boosting will deteriorate out-of-band emissions.
Propose 1: Define LP-WUS RB power dynamic range as: The LP-WUS RB power dynamic range (or LP-WUS power boosting) is the difference between the average power of LP-WUS REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs).
Proposal 2: To set a minimum LP-WUS power boosting for each channel bandwidth, as shown in Table 2, and the specific value of LP-WUS power boosting can be manufacture declaration.
Table 2  Maximum Permitted LP-WUS power boosting for different BW
	Channel BW (MHz)
	Minimum LP-WUS power boosting level (dB)

	5, 10, 15, 20, 25, 30
	0

	35, 40, 45, 50, 60, 70, 80, 90, 100
	[3]




	R4-2405307
	CMCC
	Proposal 1: for LP-WUS operation bands definition, it’s suggested to only focus on IMT licensed bands that has been defined in current 3GPP spec.
Proposal 2: it’s better not limit the number of operation bands defined in 3GPP spec for both gNB and UE spec. But to reduce LP-WUS UE costing and support global roaming, LP-WUS UE could only mandatory support 1 or several operation bands which depends on its RF architecture.
Proposal 3: it’s suggested to also define multi-band requirements at gNB side for LP-WUS.
Observation 1: LP-WUS waveform, modulation scheme, CBW will impact PAPR performance and then impact final in-band power boosting performance of gNB.
Proposal 4: for power boosting requirements, RAN4 needs to wait for RAN1 waveform, modulation scheme conclusion before common PAPR assumption.
Proposal 5: reducing NR signal PSD to some large extent is not allowed. RAN4 should take the affected NR PSD factor into considering when determining final power boosting value.

	R4-2405488
	Huawei, HiSilicon
	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.



Open issues summary
Sub-topic 1-1 Preliminary thinking on dynamic range for LP-WUS
As one BS RF requirement identified as necessary to be defined for LP-WUS, companies provide preliminary thinking on how to derive dynamic range from different perspectives. 

Issue 1-1: Whether RAN4 evaluation of power boosting needs to wait for RAN1 conclusion 
· Proposals
· Option 1: Yes, RAN4 should wait for RAN1 conclusion on e.g. LP-WUS/LP-SS transmission bandwidth and signal design (OOK-1 and/or OOK-4). (Nokia, CATT, DOCOMO, CMCC)
· Option 2: No need to wait for RAN1 conclusion, at least RAN4 can work in parallel. (vivo, Ericsson, ZTE, Huawei)
· Option 3: Other.

· Recommended WF
· TBA

Issue 1-2: On the definition of dynamic range for LP-WUS (DL power boosting) 
· Proposals
· Option 1: The LP-WUS RB power dynamic range (or LP-WUS power boosting) is the difference between the average power of LP-WUS REs (which occupy certain REs within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel) and the average power over all REs (from both LP-WUS and the NR carrier containing the LP-WUS REs). (ZTE)
· Option 2: Other.

· Recommended WF
· TBA

Issue 1-3: On the minimum value of dynamic range for LP-WUS 
· Proposals
· Option 1: A general framework should be established in order to evaluate dynamic range. (vivo)
· Study whether 2dB could be increased for LP-WUS RBs beyond current dynamic range. 
· Option 2: Consider 3dB power boosting as minimum requirement. (Huawei)
· Whether the BS can support power boosting or power boosting level is up to manufacturer’s declaration.
· Together with power boosting level, LP-WUS RB number that can support power boosting is up to manufacturer’s declaration.
· Option 3: For channel BW 5, 10, 15, 20, 25, 30 MHz, set minimum LP-WUS power boosting level as 0 dB, for channel BW 35, 40, 45, 50, 60, 70, 80, 90, 100 MHz, set minimum LP-WUS power boosting level as [3] dB. (ZTE)
· Option 4: 3 dB power boosting is possible if CP-OFDM symbol used for LP-WUS generation is QPSK modulation, while dynamic range requirements based on existing specification should be allowed for OOK-1 waveform.  (Ericsson)
· Option 5: Other.

· Recommended WF
· TBA

Issue 1-4: Upper bound of dynamic range for LP-WUS
· Proposals
· Option 1: Cap the boosting level to max 6dB. (Huawei)
· Whether the BS can support power boosting or power boosting level is up to manufacturer’s declaration.
· Option 2: Specific power boosting level value same as to or larger than the above minimum value can be manufacturer’s declaration. (ZTE)
· Option 3: Other.

· Recommended WF
· TBA

Issue 1-5: Factors to be considered for power boosting
· Proposals
· Proposal 1: Power sharing between NR and LP-WUS
· NR signal PSD should be taken into account for power boosting value determination, large reduction on that is unacceptable. (CMCC)
· 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 (Huawei)
· Proposal 2: FFS whether power boosting relies on the position of LP-WUS RB allocation. (Huawei)
· Other.

· Recommended WF
· TBA

Sub-topic 1-2 Other considerations apart from dynamic range for LP-WUS
Apart from dynamic range, companies also bring up open issues for further consideration.

Issue 1-6: Whether other BS RF requirements can be examined for LP-WUS
· Proposals
· Option 1: No, only consider dynamic range. (Samsung)
· Option 2: Yes, other requirements should be further checked. (vivo)
· Suggest to define multi-band requirements at gNB side for LP-WUS. (CMCC)
· Option 3: Other.

· Recommended WF
· TBA

Issue 1-7: Scenarios of LP-WUS operation for specifying the BS requirement
· Proposals
· Option 1: In-band/guard band operation
· LP-WUS carrier is the extension of a broader BS carrier. (CATT)
· Option 2: Standalone carrier. (CATT)
· Option 3: Other.

· Recommended WF
· TBA

Issue 1-8: Example IMT licensed bands for LP-WUS
· Proposals
· Option 1: it’s suggested to only focus on IMT licensed bands that has been defined in current 3GPP spec. (CMCC)
· Option 2: Discuss that in UE part.

· Recommended WF
· It is suggested discuss the example IMT bands in UE part.

Issue 1-9: How to define the applicability of LP-WUS
· Proposals
· Option 1: While it is up to LP-WUS UE’s declaration on the supporting band(s) that specified for LP-WUS, suggest not to consider whether to restrict the number of band specified for LP-WUS. (CMCC)
· Option 2: Other.

· Recommended WF
· TBA

Issue 1-10: On FR2 WUR
· Proposals
· Option 1: RAN4 confirm whether the FR2 WUR is in scope of the WID. (Ericsson)
· No test model for power boosting is defined for FR2 and power boosting capability cannot be assumed for FR2 BS.
· Option 2: Other.

· Recommended WF
· TBA


Issue 1-11: Whether UE needs to know BS power boosting information for RRM measurement
· Proposals
· Option 1: FFS on this issue. (Samsung)
· There may be ambiguity on how to handle the RSRP of LP-WUS or LP-SS signals in case of UE serving cell RRM offloading.
· Option 2: Other.

· Recommended WF
· TBA

