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Introduction
In RAN#98e meeting, the network power saving WID was approved in [1]. 
	· [bookmark: _Hlk130373392]Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

· Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


As approved at WID, we would be discussed with SSB-less SCell operation for inter-band CA for FR1 and co-located cells in RAN4. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK14][bookmark: OLE_LINK10]Discussion  
	Issue 1-1: TAE 
· Agree on Alternative #1:
· [bookmark: _Hlk146876751]Do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. 
· Define the side condition of RTD to ensure UE performance in RRM part.

Issue 1-2: Frequency separation
· Tentative agreement: 
There is no need to define the band combination for SSB-less operation

	Agreement:
Issue 1-2-3: Power difference conditions for scenario 1
· One set of condition (Set 2) and one requirement
· Set 2: The maximum received Power difference can be up to [X] dB, and X is larger than 6.
· TRS/A-TRS is needed for Scell activation
band combination for SSB-less operation


There was a discussion on whether to share the RF chain or not. The following structures were proposed. As shown in Figure 1, the RF chain is shared to reduce the complexity and reduce the cost. Another structure is to support a separate chain to support inter-band CA. This structure is proposed because it has advantage in terms of cost and complexity by sharing the RF chain, but the disadvantage is that the CA band combination that can be supported is limited. Also, there is a problem that the reception power difference is limited to 6dB. Since it share one RF chain, if the signal from each cell has a large power difference, ADC saturation will occur because AGC is performed based on one reference signal. A single RF chain cannot support inter-band CA due to the large frequency separation between bands. For this reason, separate RF chains was used for supporting inter-band CA.
[image: ]
Figure 1 Two scenario for CA for FR1 and co-located cell
Observation 1: UEs that support inter-band CA have separate RF chains.
Observation 2: When configuring a single RF chain to support intra-band contiguous CA, the received power difference should be within 6 dB.
NES discussion in #108-bis was agreed as above WF [2], [3]. If it assume single RF chain, we can limit power difference as 6dB. Because, ADC saturation issue was happened. But if we assume separate RF chain, we can permit big received power difference throughout A-TRS. A-TRS include AGC info between reference cell and SSB-less SCell. NW can achieve AGC. However, how much reception power difference is acceptable remains an open question. We also agree the maximum power received power difference can be up to [X]dB, and X is larger than 6 in last meeting. We haven't yet decided how much of a power difference to allow, so we leave it as X. In our understanding, the reception power difference value is unclear because of cell coverage and AGC issue. The reception power difference was further discussed
Observation 3: We need to clarify upper limitation of the received power difference for SSB-less inter-band CA operation.
If the received power difference is specified as a specific value, such as 10 dB or 7 dB, not all inter-band CA band combinations can be supported. The power difference value is affected by the output power and the path loss. When we calculated the path loss difference for several inter-band CA combinations. The path loss difference between inter-bands is calculated as shown in the following table. Path loss difference was calculated as 20*log10(/).  and  are defined as the center frequency in each of the CA bands, and compare the center frequency of each CA band and apply the large value as  and the smaller value as . 
Table1 Calculated path loss difference for inter-band CA combination
	CA band combinations
	Path loss difference
[dB]
	CA band combinations
	Path loss difference 
[dB]

	n1, n8
	7.1
	n8, n77
	12.0

	n1, n18
	8.3
	n8, n78
	11.5

	n1, n20
	8.5
	n8, n79
	14.0

	n1, n28
	8.8
	n14, n30
	9.8

	n5, n79
	14.5
	n18, n41
	9.5

	n7, n28
	10.6
	n18, n77
	12.7

	n8, n38
	8.8
	n18, n78
	12.2

	n8, n40
	7.9
	n20, n78
	12.9

	n8, n41
	8.8
	n28, n45
	17.0



[bookmark: _Hlk146693218]In the table, for n28, and n45, the path loss difference is 17dB. Depending on received power difference value, not all inter-band CA band for SSB-less operation can be supported. It is necessary to define band combination for SSB-less inter-band CA based on conclusion of the received power difference in RRM session. But if the maximum received power difference was defined as large value such as 25dB. There is no need to define the band combination of SSB-less operation.
Proposal 1: Depending on received power difference value, not all inter-band CA band for SSB-less operation can be supported. It is necessary to define band combination for SSB-less inter-band CA based on conclusion of the received power difference in RRM session.
Conclusions
In this contribution, we want to share some views on NES from RF requirement perspective and proposals are made as following:
Observation 1: UEs that support inter-band CA have separate RF chains.
Observation 2: When configuring a single RF chain to support intra-band contiguous CA, the received power difference should be within 6 dB.
Observation 3: We need to clarify upper limitation of the received power difference for SSB-less inter-band CA operation.
Proposal 1: Depending on received power difference value, not all inter-band CA band for SSB-less operation can be supported. It is necessary to define band combination for SSB-less inter-band CA based on conclusion of the received power difference in RRM session.
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