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1. Introduction
In RAN plenary #103 meeting, revised WID of LP-WUS is approved with following RF part objectives:
· 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
In this contribution, we focus on discuss of BS requirements when supporting LP-WUS.
2.  Discussion
During SI phase, following agreements are approved for further RF requirements definition in WI phase.
	Besides the above conclusions, RAN4 also identified some issues which could be further discussed in WI phase, e.g., 
-	Specifying at least the REFSENS, ACS and ASCS requirements with consideration of possible new methodology
-	Impacts of different architecture on RF requirements, if any
-	Specific guard RBs for ACS and ASCS cases
-	Study and specify BS power boosting value/range for LP-WUS 
-	Specific IMT operating band(s) for LP-WUS if necessary
-	Possible testability issues
It is noted that all above issues to be considered in WI stage are all based on the final agreed waveforms decided by RAN1/RAN-P.


For BS part, the main RF requirements may include following:
· Operating bands issue
· Multi-band support case
· In-band power boosting
Following show our initial thought for each RF requirement:
· Operating bands issue for both LP-WUS UE and BS
Following list the output from study item about the operation band
	RAN4 has discussed the band operation for LP-WUS according to the scenarios listed below with the understanding that the associated RF aspects could be analysed in the work item phase, depending on the scope of the related normative work.
1)	The band for the low-power radio (LR) and main radio (MR) can be the same, e.g., WUS is located within the NR band used for LP-WUR. In this scenario the WUS and NR DL could be multiplexed according to TDM/FDM modes.
2)	The band for LR and MR can be different, e.g., WUS is located within an NR band for LP-WUR, and another NR band is used for the MR. 
Additionally, RAN4 has concluded the following aspects from RF perspective, which are provided for information:
-	WUS located in an SDO band in TS 36.101 is proposed by some companies, and RAN4 recognizes that there exist dependencies on other WGs that have not been considered in this study.
Note:	Some companies have expressed a concern that SDO bands may not be IMT bands.


Same comments as study phase, the SDO bands are not the IMT bands and we should focus on IMT bands in work item. Besides, there is no analysis in study phase about SDO bands. So it’s suggested to only focus on IMT licensed bands that has been defined in current 3GPP spec.
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.
Power saving with lower cost is the main advantages of LP-WUS. Mandatory support of multiple NR operating bands is challenging for LP-WUS UE, making it losing its edge in low costs. If RAN4 could find one or several globally popular spectrum for LP-WUS, then we can only focus on these several operations bands. But among the world, different regions/countries have different IMT spectrum and even when operators have same spectrum they may have different timeline of 5G spectrum deployment. To ensure the integrity of LP-WUS spec and meet all companies’ deployment demand, it’s better not limit the number of operation bands in 3GPP both at UE side and BS side. But to reduce LP-WUR costing and support global roaming, LP-WUS UE could only mandatory support 1 or several operation bands.
For example, 1800MHz seems like the global spectrum for 2G/3G era and some operators are trying to re-farm it to 5G currently or in the future based on 5G application progress. For the operators that are still using 1800MHz for 3G/4G,  they can’t directly using 1800MHz for LP-WUS currently because they have to wait until all legacy 3G/4G customers have been transformed to other spectrum. Usually it will take several years to finish such transform.  
Following lists the multiple bands output from study item phase. It seems for LP-WUR using RF envelop detection architectures, it is more appropriate to support only single band operation. For different LP-WUR RF architecture, minimum supported operation bands number is different. 
	RF envelop detection architecture is more appropriate for single-band operation. IF envelop detection and BB envelop detection are more appropriate for multi-bands operation. Multi-band here still means that only one band at a time is being received. Multi-band capability for other architectures is FFS.



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.
· Multiple bands requirements for gNB
As analyzed above, to reduce LP-WUR cost, usually one individual LP-WUR would only support one or several operation bands. The same logic applies for gNB side, supporting only one operation band for LP-WUR seems also OK for most case. But one issue is that when the roaming UE enters to current network but it doesn’t support current  LP-WUS operation band. So it seems supporting multi-band would be more reasonable. Besides, from gNB implementation point of view, the RF part of legacy gNB could be reused to support LP-WUS and the cost to support multiple bands LP-WUS would not be increased at gNB side. So it’s better to also define multi-band requirements at gNB side.
Proposal 3: it’s suggested to also define multi-band requirements at gNB side for LP-WUS.
· In-band power boosting
Following list the in-band power boosting output from study phase.
	It is beneficial to enable power boosting for LP-WUS to improve the WUS signal coverage. The supporting of LP-WUS power boosting and boosting level can be declared by manufacturer.
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.


Following list the key factor that may impact gNB in-band power boosting performance.
· PAPR performance for different LP-WUS signal waveform
· Reduced Power of NR signal due to LP-WUS power boosting
The main reason limiting legacy gNB power boosting performance is Tx dynamic range limitation. If total power exceed the upper limit of the power range, power leak clipping occurs which lead to worse in-band signal quality and large unwanted power. Usually there is certain power margin from implementation point of view which give the chance for power boosting. For LP-WUS, its waveform and modulation mode is much different from legacy NR signal which will impact final PAPR. For example, when we assume PAPR for LP-WUS OOK-4 signal is 9-10dB which is less than normal 12dB PAPR assumption for legacy NR signal. This 2-3dB PAPR margin may contribute to higher power boosting compared with current RF requirements. Besides, the PAPR performance is also related to BW assumption, the less BW, the worse PAPR. 
Following list some analysis of PAPR among different LP-WUS signal design [2].
Table 1 PAPR comparison
	OOK-4 M=1 / OOK-1 ON
	ZC sequence of size N’=271 + Zeros 
	PAPR
9.95dB/8.95dB over 100k realizations with full buffer 64QAM neighbor carrier signal 20/10MHz channel-BW


	OOK-4 M=1 / OOK-1 OFF
	N’ zeros
	

	OOK-4 M=2 ON
	ZC of size app. N’/2=139 + Zeros app. N’/2=149
	PAPR
10.27dB/9.93dB over 100k realizations with full buffer 64QAM neighbor carrier signal 20/10MHz channel-BW


	OOK-4 M=2 OFF
	 Zeros app. N’/2= 149 + ZC of size app. N’/2´=139
	



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 design before concluding common PAPR assumption. 
For in-band mode, the NR signal and LP-WUS share total power. The higher power boosting, the less remained power for NR signal, especially when the BW of LP-WUS is high, e.g. 5MHz much larger than 180kHz for NB. From coverage point of view, reducing NR signal PSD due to LP-WUS power boosting is not allowed. 
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.
3. Conclusions
In this contribution, operation bands, multi-bands, in-band power boosting are discussed with following observations and proposals.
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.
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