
3GPP TSG-RAN WG4 Meeting # 110bis	R4-2404289
Changsha, China, 15 – 19 April 2024

[bookmark: Source]Agenda Item:	9.14.3
Source: 	Nokia
[bookmark: Title]Title: 	Required changes for BS RF requirements for low-power wake-up signal for NR
[bookmark: DocumentFor]Document for:	Discussion


1.	Introduction
[bookmark: _Hlk67504958]The revised WI for low-power wake-up signal and receiver for NR was approved at TSG RAN#103 [1]. One of the objectives of this WI is to:
	· 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



This contribution discusses the current NR BS requirements on dynamic range in TS 38.104 [2] and the required changes to support the transmission of LP-WUS/LP-SS for NR.

2.	Discussion
Currently, the RE power control dynamic range requirements for NR BS are specified in TS 38.104 as follows:
	[bookmark: _Toc21127456][bookmark: _Toc29811662][bookmark: _Toc36817214][bookmark: _Toc37260130][bookmark: _Toc37267518][bookmark: _Toc44712120][bookmark: _Toc45893433][bookmark: _Toc53178160][bookmark: _Toc53178611][bookmark: _Toc61178837][bookmark: _Toc61179307][bookmark: _Toc67916603][bookmark: _Toc74663201][bookmark: _Toc82621741][bookmark: _Toc90422588][bookmark: _Toc106782781][bookmark: _Toc107311672][bookmark: _Toc107419256][bookmark: _Toc107474883][bookmark: _Toc114255476][bookmark: _Toc115186156][bookmark: _Toc123048970][bookmark: _Toc123051889][bookmark: _Toc123054358][bookmark: _Toc123717459][bookmark: _Toc124157035][bookmark: _Toc124266439][bookmark: _Toc131595797][bookmark: _Toc131740795][bookmark: _Toc131766329][bookmark: _Toc138837551][bookmark: _Toc156567372]6.3.2	RE power control dynamic range
[bookmark: _Toc21127457][bookmark: _Toc29811663][bookmark: _Toc36817215][bookmark: _Toc37260131][bookmark: _Toc37267519][bookmark: _Toc44712121][bookmark: _Toc45893434][bookmark: _Toc53178161][bookmark: _Toc53178612][bookmark: _Toc61178838][bookmark: _Toc61179308][bookmark: _Toc67916604][bookmark: _Toc74663202][bookmark: _Toc82621742][bookmark: _Toc90422589][bookmark: _Toc106782782][bookmark: _Toc107311673][bookmark: _Toc107419257][bookmark: _Toc107474884][bookmark: _Toc114255477][bookmark: _Toc115186157][bookmark: _Toc123048971][bookmark: _Toc123051890][bookmark: _Toc123054359][bookmark: _Toc123717460][bookmark: _Toc124157036][bookmark: _Toc124266440][bookmark: _Toc131595798][bookmark: _Toc131740796][bookmark: _Toc131766330][bookmark: _Toc138837552][bookmark: _Toc156567373][bookmark: _Hlk503810786]6.3.2.1	General
The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power (Pmax,c,AC or Pmax,c,TABC) for a specified reference condition.
For BS type 1-C this requirement shall apply at the antenna connector supporting transmission in the operating band.
For BS type 1-H this requirement shall apply at each TAB connector supporting transmission in the operating band.
[bookmark: _Toc21127458][bookmark: _Toc29811664][bookmark: _Toc36817216][bookmark: _Toc37260132][bookmark: _Toc37267520][bookmark: _Toc44712122][bookmark: _Toc45893435][bookmark: _Toc53178162][bookmark: _Toc53178613][bookmark: _Toc61178839][bookmark: _Toc61179309][bookmark: _Toc67916605][bookmark: _Toc74663203][bookmark: _Toc82621743][bookmark: _Toc90422590][bookmark: _Toc106782783][bookmark: _Toc107311674][bookmark: _Toc107419258][bookmark: _Toc107474885][bookmark: _Toc114255478][bookmark: _Toc115186158][bookmark: _Toc123048972][bookmark: _Toc123051891][bookmark: _Toc123054360][bookmark: _Toc123717461][bookmark: _Toc124157037][bookmark: _Toc124266441][bookmark: _Toc131595799][bookmark: _Toc131740797][bookmark: _Toc131766331][bookmark: _Toc138837553][bookmark: _Toc156567374]6.3.2.2	Minimum requirement for BS type 1-C and BS type 1-H
RE power control dynamic range:
Table 6.3.2.2-1: RE power control dynamic range
	Modulation scheme used
	RE power control dynamic range (dB)

	on the RE
	(down)
	(up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	1024QAM (PDSCH)
	0
	0

	NOTE:	The output power per carrier shall always be less or equal to the maximum output power of the base station.






In table 6.3.2.2-1 above, the RE power control dynamic range requirements are specified depending on the modulation and physical channels. Since LP-WUS/LP-SS is a new physical channel using On-Off Keying (OOK) modulation, a new requirement shall be added for the dynamic range for LP-WUS/LP-SS. 
It is agreed and recorded in the SI TR 38.869 [3] that:
	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.



Understandably, it is desirable to specify a higher (up) requirement for LP-WUS/LP-SS as it is used to wake-up the UE in sleep (DRX off) mode. On the other hand, it is undesirable to significantly increase the implementation complexity and energy usage of the NR BS for LP-WUS/LP-SS transmission as the main objective of this new feature is indeed energy saving.
Considering the other NR BS requirements for output power dynamics, currently, the requirement for NB-IoT RB power dynamic range for NB-IoT operation in NR in-band is specified in TS 38.104 as follows:
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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






In table 6.3.4.2-1, the minimum NB-IoT RB power dynamic range is specified to be +6 dB when the NB-IoT RB frequency position is within the center part of the BS channel bandwidth, and +3 dB otherwise.
Since conditions such as LP-WUS bandwidth and supported M value (OOK-1 and/or OOK-4) will have a big impact on the new dynamic range requirement value(s) for LP-WUS/LP-SS, the new requirement should be specified after RAN1 has decided those conditions.

3.	Conclusion
This contribution has discussed the current NR BS requirements on dynamic range in TS 38.104 [2]. 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.
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