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Introduction
The potential study item of fragmented carriers in Rel-19 was discussed for several meetings and the WF [1] was approved in RAN#103 for the tentative objectives and time scale.
	· Objectives:
· Identify methods for reducing number of UE Rx chains (e.g. 1 or 2) needed for single DL band of ≤ 100 MHz (frequency span) containing two non-contiguous CCs within a CA combination for the inter-operator co-located scenario, considering: 
· Which RF requirements could be adjusted for the inter-operator co-located scenario, e.g. Existing UE RF requirements such as ACS
· The ability to semi-statically switch hardware resources (i.e., Rx chains) between bands
· 6 dB power imbalance between the two non-contiguous CCs
· Impacts on DL performance
· Means for a UE to inform the network of new CA configuration it can support with adjusted RF requirements
· RAN4 led item with minimal RAN2 impact and no RAN1 impact is foreseen
· Timescale:
· Start Q3 2024
· Target completion Q2 2025


In this paper, we provide our view on the detailed objectives of this new SI proposal.
RF requirements
The tentative objectives include a bullet for RF requirements:
· Which RF requirements could be adjusted for the inter-operator co-located scenario, e.g. Existing UE RF requirements such as ACS
In our view, there are more RF requirements that worth further study.
For non-contiguous CA operation in FDD bands, the UL component carrier could be very close to certain DL component carrier. Taking band n25 as an example, the separation between highest PCC Tx carrier and lowest SCC Rx carrier is only 15MHz. 
[image: C:\Users\g00334960\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9669F977.tmp]
Figure 1: Frequency range of band n25
In this case, there would be unignorable Tx leakage into the DL carrier, whose strength is highly dependent on the duplexer isolation and the outband suppression ability of filters. In TS 38.101-1,  ΔRIBNC was introduced as required relaxation to REFSENS for NC CA assuming separate RF chain for each CC. The required relaxation is up to 24.6dB in the worst case.
[image: ]
When shared RF chain is considered, due to lack of additional filtering for each CC in contrast to the separate chain architecture, impact from Tx leakage to the CC closed to Tx side could be increased. Therefore, whether further relaxation of REFSENS is needed should be studied in the SI.
In the tentative objectives, ACS is already identified as an item to be studied. We think the in-band blocking requirement also needs to be considered. Currently the ACS and in-band blocking requirements are developed based on separate RF chain assumption, the in-gap requirements is the same as out-of-gap requirements. The location of ACS and in-band blocking interferers are shown in below figure.
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Figure 2: Frequency location of ACS and in-band blocking interferers
The relevant requirements are summarized in the Table 1.
Table 1: Summary of ACS and in-band blocking requirements
	
	
	DL Power of Interferer (dBm)
	DL Power of Target Carrier (dBm)
	Relaxation on REFSENS (dB)

	ACS
	Case 1
	REFSENS+14+ACS-1.5
	REFSENS+14
	14

	
	Case 2
	-25
	-25-ACS+1.5
	-25-ACS+1.5 - REFSENS

	In-band blocking
	Case 1
	-44
	REFSENS+6
	6

	
	Case 2
	-56
	REFSENS+6
	6


With the shared RF chain assumption, the in-gap ACS and in-band blocking interferers will fall inside the passband of RF filters, and this is apparently a big challenge for the UE to handle these interferers up to -25dBm (ACS) and -44dBm (IBB) with less help of analogue channel filtering. The 14dB (ACS) and 6dB (IBB) relaxation on REFSENS can’t be ensured when the relevant interferers exist.
The in-gap ACS and in-band blocking interferers are likely coming from the different operators, and need to be handled as part of co-existence performance study. In the tentative objectives, the scenario was limited as inter-operator co-located. If this implies certain level of coordination between operators, i.e. some restriction on power offset between DL carriers from target operator and other operators could be ensured, then the DL power of ACS/IBB interferer could be lowered down to a level not causing too much performance degradation. If the coordination between operators are not going to happen, then a potential relaxation on REFSENS when ACS/IBB interferers exist needs to be studied. For RF requirements, ΔRIBNC, ACS and in-band blocking needs to be checked for shared RF chain architecture.
Proposal 1: RF requirements, which may cause further degradation of Rx sensitivity level owing to shared RF chain architecture, should be further studied.
Proposal 2: The co-existence performance for typical deployment scenarios among operators, i.e. non-coordinated inter-operator scenario needs to be studied in this SI.
Although the long-term target of the study is to enable more efficient usage of very high order inter-band CA combinations including intra-band non-contiguous components, the immediate task of this study item should be focusing on the solution of reducing RF chain in a single DL band. The impact of additional inter-band component is combination specific, and could be further studied in WI phase.
Proposal 3: Inter-band CA combination is not considered in Rel-19 study item.
DL performances
The tentative objectives include a bullet for DL performances, but the specific contents are not clear. To our understanding, the impact on DL performance is reflected by REFSENS degradation due to alternative Rx architectures, but that is not obvious judged from the current objective. Some clarification is needed.
Proposal 4: Further clarification on the DL performance is needed.
Signalling aspects
The difficulty preventing UE to support larger CC number is not only the restriction of RF chain, but also lays in the restriction of baseband resources. UE needs to reserve baseband resources for each CC, including timing and frequency synchronization , RRM measurement and PDCCH monitoring, and thus increase the implementation complexity. By improving solely RF architecture, the baseband resources could still be the bottleneck for UE to support the higher order CA configurations.
One possible approach is to combine the existing features of SSB-less and single DCI scheduling for multi-carrier operations as a package feature for intra-band non-contiguous CA enhancement in Rel-19. In that way, there will be no impact on RAN1, and the only impact on RAN2 might be a new UE signalling to allow UE to reserve one set of resources for synchronization, RRM measurement, PDCCH monitoring when the network can guarantee the synchronizations between carriers in one band.
Proposal 5: Study the approach to indication CA configuration and corresponding baseband capability.
Proposed Objectives
In summary, we have the following proposals on fragmented carriers.
Proposal 1: RF requirements, which may cause further degradation of Rx sensitivity level owing to shared RF chain architecture, should be further studied.
Proposal 2: The co-existence performance for typical deployment scenarios among operators, i.e. non-coordinated inter-operator scenario needs to be studied in this SI.
Proposal 3: Inter-band CA combination is not considered in Rel-19 study item.
Proposal 4: Further clarification on the DL performance is needed.
Proposal 5: Study the approach to indication CA configuration and corresponding baseband capability.

Accordingly, we propose the following updates based on the tentative objectives:
· Identify methods for reducing number of UE Rx chains (e.g. 1 or 2) needed for single DL band of ≤ 100 MHz (frequency span) containing two non-contiguous CCs within a CA combination for the inter-operator co-located scenario, considering: 
· Which RF requirements could be adjusted for the inter-operator co-located non-contiguous CA scenario, e.g. Existing UE RF requirements such as ΔRIBNC, ACS and in-band blocking
· The ability to semi-statically switch hardware resources (i.e., Rx chains) between bands
· 6 dB power imbalance between the two non-contiguous CCs
· Impacts on DL performance
· E.g. REFSENS degradation due to shared Rx chain
· The ability to semi-statically switch hardware resources (i.e., Rx chains) between bands
· Means for a UE to inform the network of new CA configuration it can support with adjusted RF requirements
· Study the approach to indication CA configuration and corresponding baseband capability
· Band nx, ny, … are selected as example bands.
NOTE: SI study is focused on single DL band and inter-band CA band combination is not considered in Rel-19 study item.
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