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1.	Introduction
The RAN3103 plenary meeting, the RAN4 scope for LP-WUS/WUR has been confirmed in [1, RP-240801]:
	· 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




For corresponding BS requirements of LP-WURS/WUR, a study phase is needed to identify the impacts. In this contribution, our views on these aspects are provided.
2. 	Discussion
The WID [1] objectives regarding BS requirements are as following
	· 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



The Rel-18 outcome [2] from RAN4 study are as following
	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.



Rel-18 RAN4 study has identified power boosting as potential impacts to BS requirements and the Rel-19 WID has explicitly listed ‘dynamic range’ as example for BS requirements for study. Actually power boosting and dynamic range in the context are the same thing.
NB-IoT can be taken as reference for LP-WUS as both are narrow bandwidth use cases. According to TS 38.104, NB-IoT BS power boosting is mandatorily required.
	[bookmark: _Toc29811668][bookmark: _Toc36817220][bookmark: _Toc37260136][bookmark: _Toc37267524][bookmark: _Toc44712126][bookmark: _Toc45893439][bookmark: _Toc53178166][bookmark: _Toc53178617][bookmark: _Toc61178843][bookmark: _Toc61179313][bookmark: _Toc67916609][bookmark: _Toc74663207][bookmark: _Toc82621747][bookmark: _Toc90422594][bookmark: _Toc106782787][bookmark: _Toc107311678][bookmark: _Toc107419262][bookmark: _Toc107474889][bookmark: _Toc114255482][bookmark: _Toc115186162][bookmark: _Toc123048976][bookmark: _Toc123051895][bookmark: _Toc123054364][bookmark: _Toc123717465][bookmark: _Toc124157041][bookmark: _Toc124266445][bookmark: _Toc131595803][bookmark: _Toc131740801][bookmark: _Toc131766335][bookmark: _Toc138837557][bookmark: _Toc156567378]6.3.4	NB-IoT RB power dynamic range for NB-IoT operation in NR in-band
[bookmark: _Toc29811669][bookmark: _Toc36817221][bookmark: _Toc37260137][bookmark: _Toc37267525][bookmark: _Toc44712127][bookmark: _Toc45893440][bookmark: _Toc53178167][bookmark: _Toc53178618][bookmark: _Toc61178844][bookmark: _Toc61179314][bookmark: _Toc67916610][bookmark: _Toc74663208][bookmark: _Toc82621748][bookmark: _Toc90422595][bookmark: _Toc106782788][bookmark: _Toc107311679][bookmark: _Toc107419263][bookmark: _Toc107474890][bookmark: _Toc114255483][bookmark: _Toc115186163][bookmark: _Toc123048977][bookmark: _Toc123051896][bookmark: _Toc123054365][bookmark: _Toc123717466][bookmark: _Toc124157042][bookmark: _Toc124266446][bookmark: _Toc131595804][bookmark: _Toc131740802][bookmark: _Toc131766336][bookmark: _Toc138837558][bookmark: _Toc156567379]6.3.4.1	General
The NB-IoT RB power dynamic range (or NB-IoT power boosting) is the difference between the average power of NB-IoT 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 NB-IoT and the NR carrier containing the NB-IoT REs).
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NB-IoT RB power dynamic range for NB-IoT operation in NR in-band shall be larger than or equal to the level specified in Table 6.3.4.2-1. This power dynamic range level is only required for one NB-IoT RB.
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

	25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	Within center 90% of BS channel bandwidth
	+6

	
	Other
	+3






[bookmark: _GoBack]Different from NB-IoT base station which is mandatorily required to support power boosting (power dynamic range), the LP-WUS base station may be only supporting power boosting optionally or by declaration. In our understanding, given different UE architectures (except RF envelope detection) need to be supported in the system, base station power boosting is quite important to achieve the target coverage, especially for UEs with OFDMA non-capable architectures.
Observation 1:	base station power boosting is quite important to achieve the target coverage, especially for UEs with OFDMA non-capable architectures.
It is noticed that if there are both BS supporting power boosting and BS not supporting power boosting in the network, it is unclear for UE how to handle the measured power of LP-WUS or LP-SS signals in case of UE serving cell RRM offloading.
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.
Besides power boosting (power dynamic range), after guard RBs are introduced for ACS and ASCS cases in LP-WUS, potential co-existence issue need to be checked. 


(case 1: LP-WUS within large channel)


(case 2: WUS within narrow channel, WUS bandwidth is comparable with channel bandwidth)
Figure 7.1.2.1-1 of TR 38.869: Definition of the guardband of NR channel and guard RBs for both LP-WUS ACS and ASCS 
Given Guard RBs for ASCS are all within CBW of WUS, so it will only impact UE spec and has no impact for BS spec; while for Guard RBs for ACS, it could be left for BS implementation following the same principle as NB-IoT in NR in-band operation, seems it would not have impact on BS spec as well.
	excepted from TR 37.824
[bookmark: _Toc20741368][bookmark: _Toc46346371][bookmark: _Toc46346426]5.5	Synchronization between NR and NB-IoT
In order to analyze the NB-IoT coexisting with NR, longest CP and shortest CP for NR are considered as two extreme cases in which whether timing misalignment between NB-IoT and NR would exceed CP or not could be identified. 
If 15kHz SCS is used in the NR carrier where NR has the longest CP, then the TAGs misalignment analysis between NB-IoT and NR will be the same as that between NB-IoT and E-UTRA. Therefore, there should be no interference issue due to TAGs misalignment between NB-IoT and NR if 15kHz SCS is used in the NR system, otherwise such issue would have occurred already between NB-IoT and E-UTRA before the migration to NR. Meanwhile some detailed analysis is done in Case 1 where it could be found that timing misalignment between NB-IoT and NR is still within the CP, this also indicates there should be no interference issues due to TAGs misalignment.
On the other hand, if 30kHz or 60kHz SCS is used in the NR carrier, the NB-IoT UE maximum transmit timing error of 101.33Ts (=80Ts+13.33Ts+8Ts) alone as explained in the following will be larger than the CP length of the NR symbol. Therefore, when the NR UE maximum transmit timing error (which is varied according to the SCS used in the NR carrier) is also considered, there would potentially be interference issue due to the inter-symbol-interference between the NB-IoT and NR symbols as illustrated in Case 2. However, it has been agreed that this type of mixed numerology cases between NB-IoT and NR should be up to the BS implementation and no requirement is defined in the RAN4 specifications. Feasible BS implementation options include separate digital filtering and internal gap between the NB-IoT and NR carriers.
 



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
Based on above observations, RAN4 can focus on the study of BS dynamic range (power boosting) requirement and how to handle potential issue regarding UE measurement in case of serving cell RRM measurement offloading from MR to LR.
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.
3. 	Conclusion
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.
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