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Introduction 
The last RAN4 meeting has agreed to prioritize the discussion on SSB-less Scell operation for inter-band CA for FR1 and co-located cell. This paper discusses UE power reception imbalance to ensure optimal SSB-less performance.

Discussion
During the last two meetings, RAN4 agreed on the following WFs. 

RF agreement
Issue 1-1: TAE
· Further discuss the following values for TAE to guarantee the SSB-less feature performance
· Option 1: 2.x us, i.e., CP size for 30kHz SCS
· Option 2: 260ns
· Option 3: 65ns
· Option 4: 3us
· In the next meeting, encourage companies to provide the achievable values.



106bis meeting Partial RRM agreement related to power reception difference.
· The difference of the reception power with the FR1 inter-band active serving cell
· Option 2-1: 6dB
· Option 2-2: 6dB+offset
· Other values are not precluded





UE Power Reception Imbalance of SSB-less operation for inter-band CA co-located cells in FR1
Power imbalance requirement is a measure of the receiver’s ability to receive a wanted signal in the presence of another signal with a power imbalance and a specific frequency offset from the wanted signal. The current requirement in TS 38.101-1 for intra band non-contiguous non-collocated CA in FR1 is with 25 dB, the details are shown below:
Table 7.10A.2-1: Power imbalance parameters for intra-band non-contiguous CA
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Center of BWanother Relative to edge of BWwanted

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another wanted carrier
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another wanted carrier 
	Power of wanted carrier + 25
	
	

	NOTE 1:	The transmitter shall be set to 24dB below PCMAX_L,f,c at the minimum uplink configuration specified in Table 7.3.2-3 with PCMAX_L,f,c as defined in clause 6.2A.4.
NOTE 2:	BWwanted is the channel bandwidth of wanted carrier. BWanother is the channel bandwidth of another carrier with 25 dB power imbalance.
NOTE 3:	It’s allowed to use one of test configurations to verify the RX power imbalance requirement for type 2 UE.



The current requirement in TS 38101-3 for type 2 UE of inter band EN-DC with overlapping DL bands is within 25 dB. 
The power reception imbalance for NES SSB-less feature is the measure between the target secondary cell and active serving cell (primary cell) with SSB. This would additionally imply different gains as the beams are different. The gain of SSB broadcast beams is also dependent on the beamwidth.
Regarding the co-located scenario, as discussed in the previous contribution paper, it is important to highlight that the definition of co-location in the RAN4 spec is broader. E.g. even though gNBs are considered co-located, there can be significant differences in the implementation of their RUs and how the RU is connected to the baseband.
The reduction in UE power imbalance difference could have implications for the BS side as well, as BS would need to quickly adjust its power configuration to accommodate the decreased reception range. Furthermore, for the inter-band case, if the two carriers are far apart from each other, the power imbalance would be significantly higher than 6 dB, e.g. CA_n48-n96, CA_n1-n46, CA_n28-n46, etc. Therefore, in order to ensure the minimum requirement is consistently met, it would be more advantageous to use the 25 dB power imbalance as its requirement for inter-band co-located scenario in FR1 for the NES feature.


Observation 1 [bookmark: _Toc141973548]The co-located scenario has a wider definition, it depends on the implementation of RU and how the RU is connected to the baseband.
Observation 2 [bookmark: _Toc141973549]The power imbalance would be significantly higher if the two frequencies are far apart from each other.

Proposal 1 [bookmark: _Toc141973462]Suggest using 25 dB as power imbalance requirement for inter-band co-located scenario in FR1 for the NES feature.



Conclusion

In the previous sections, we made the following observations: 
Observation 1	The co-located scenario has a wider definition, it depends on the implementation of RU and how the RU is connected to the baseband.
Observation 2	The power imbalance would be significantly higher if the two frequencies are far apart from each other.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Suggest using 25 dB as power imbalance requirement for inter-band co-located scenario in FR1 for the NES feature.
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