[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK9][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting #106                                R4-2302101
Athens, Greece, 27 February– 3 March, 2023


Source: 	Huawei, HiSilicon
Title: 	Discussion on potential solutions for CA_n5-n8
[bookmark: _GoBack]Agenda Item:	9.2.2.2
Document for:	Approval
Introduction
In last meeting, WF [1] on UE architecture and other aspects for CA_n5-n8 was approved. Both full n5 and n8 RF filters and dedicated RF filters solutions were included.

In this paper, we’d like to analyse these two potential solutions for CA_n5-n8 to address open issues.

Discussion on solution 1: full n5 and n8 RF filters
1) How to manage the overlap of n5 DL and n8 UL
In last meeting, some companies provided the technical judgement [2] [3] [4] on con-current operation within 869...880 DL and 904…915 UL. For full n5 and n8 RF filters solution, no matter 2-antenna or 3-antenna RF architecture is assumed, CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL.
Observation 1: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL.
We also have the following way forward to manage the overlap of n5 DL and n8 UL.
Way forward:
Companies to propose which of the methods is used to manage the overlap of n5 DL and n8 UL
· Option 1: Restricting UL support to n5 UL only
· Option 2: 2UL but Non-concurrent operation between n5 DL and n8 UL
· NOTE: Check if this kind of configuration is allowed according to current RAN2 specifications
After checking current RAN2 specification, using SCell as an UL cell without a corresponding DL SCell is not possible in current NR specification. Thus, only option 1 can be considered for full n5 and n8 RF filters solution.
Proposal 1: Restricting UL support to n5 UL only can be used to manage the overlap of n5 DL and n8 UL for full n5 and n8 RF filters solution.

2) How to derive the delta Tib and Rib requirements for CA_n5-n8
Referring to the approved TP [5], both 2-antenna and 3–antenna implementations are included as below. If we follow 3-antenna implementation, there isn’t any additional insertion loss observed for DL_n5-n8_UL_n5 compared with single carrier operation. If RAN4 derive the the delta Tib and Rib requirements for CA_n5-n8 based on 3–antenna implementation, all the values can be zero. If we assume 2-antenna implementation to specify these requirements, the existing delta Tib and Rib values for CA_n8-n20 can be reused for CA_n5-n8, i.e. 0.4 Tib for each band and 0 Rib for each band.
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Figure 1 Possible CA_n5-n8 UE architecture based on 2-antenna implementation
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Figure 2 CA_n5-n8 UE architecture based on the 3-antenna implementation
Proposal 2: The following options are listed to specify delta Tib and Rib requirements for CA_n5-n8 for full n5 and n8 filters.
Option 1: 0 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 3-antenna implementation assumption
Option 2: 0.4 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 2-antenna implementation assumption

3) MSD due to cross band isolation for DL_n5-n8_UL_n5 based on full n5 and n8 RF filters implementation
The performances of band n5 duplexer and band n8 Rx filter (3-antenna implementation assuming the existing filters) are listed as below according to the real products performance as shown in figure 2 and 3.
Table 1 Attenuation and isolation values
	Attenuation and isolation parameter
	Value

	(Band n5 Tx to Ant) Attenuation at DL band n8 frequency range
	40dB

	(Band n8 filter Ant to Rx)Attenuation at UL band n5 frequency range
	40dB

	Antenna ISO
	10dB

	RF front end loss
	4dB
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Figure 3 The performance for band n5 Tx filter (Tx to Ant)
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Figure 4 The performance for band n8 Rx filter (ANT to Rx)
The band n8 DL MSD due to cross band isolation from band n5 UL can be zero since band n5 duplexer can provide the enough isolation between n5 UL and n8 DL.
Observation 2: there is no MSD for band n8 DL due to band n5 UL interference since RF components can provide necessary isolation.
Discussion on solution 2: dedicated RF filters
According to the approved TP [5], the following CA_n5-n8 RF architectures with dedicated filters using partial range in n8 UL only were captured to minimize the UE implementation costs. The partial range in n8 UL is 904~915MHz. So we’d like to discuss the relative RF requirements for dedicated RF filters’ implementation based on the following RF architectures. For delta Tib and Rib values, the observation can be same as full n5 and n8 RF filters.
Proposal 3: The following options are listed to specify delta Tib and Rib requirements for CA_n5-n8 for dedicated RF filter implementation.
Option 1: 0 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 3-antenna implementation assumption
Option 2: 0.4 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 2-antenna implementation assumption
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Figure 5 CA_n5-n8 architecture with dedicated quadplexer using partial range in n8 UL only
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Figure 6 CA_n5-n8 architecture using dedicated duplexers with partial range in n8 UL only
Since this solution has no restriction on scheduling DL_n5-n8_UL_n5-n8, we need to analysis whether it’s necessary to specify MSD due to IMD interference. Since frequency range of band n8 is restricted as 904~915MHz, it can be observed that there is no need to specify MSD requirements due to IMD interference.
Proposal 4: For dedicated RF filters solution, both DL and UL CA can be supported for CA_n5-n8 and there is no need to specify MSD due to IMD interference.
For new dedicated filter with partial UL frequency range of band n8, it can be implemented to perform 50 dB isolation between 904~915 and DL range of band n8, and between 904~915 and DL range of band n5.
For band n5 Rx filter, FFS the isolation for band n5 Rx filter at frequency range 904~915MHz? And FFS whether can be achieved to provide the enough isolation between band n5 DL and band n8 UL.
Observation 3: For dedicated RF filters solution, the performance of band n5 Rx filter need to be further studied and it may have an impact on the MSD due to cross band isolation between n5 DL and n8 UL. This work can be further studied in work item phase.
Discussion on how to distinguish these two different solutions
In the way forward [1] of last meeting, the following way forward is captured, and we’d like to provide our views.
Way forward: 
Study the conditions under which requirements could be specified using dedicated RF filters
· Option 1: New bands would be required
· Option 2: New bands would not be required
· Option 3: Other 
Firstly, new bands approach could work as usual, but it may fragment the ecosystem. In my understanding, the networks have to broadcast the legacy bands n5 and n8 to allow legacy UE accessing. Since these two solutions are only related to NR CA feature instead of single carrier operation, defining new bands may cause some issue on single carrier operation
Observation 4: If we go option 1 (New bands would be required), some cons are observed, e.g. fragmental ecosystem and some impacts on legacy UEs for single carrier operation.
Alternatively, UE can report one capability for CA_n5-n8 to indicate which UE implementation is as below. For example: 
ImplementationType1 represents that full band n5 and n8 filters are implemented for CA_n5-n8. And only DL_n5-n8_UL_n5 can be supported by UE for CA_n5-n8.
ImplementationType2 represents that dedicated filters are implemented for CA_n5-n8. Although DL_n5-n8_UL_n5-n8 can be supported by UE, the configured frequency range is restricted.
Proposal 5: one solution to distinguish different implementation and scheduling restriction is to introduce one capability for CA_n5-n8. This solution can be captured into TR of SI phase. The specific details can be further discussed in WI phase.
Summary
Observation 1: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL.
Proposal 1: Restricting UL support to n5 UL only can be used to manage the overlap of n5 DL and n8 UL for full n5 and n8 RF filters solution.
Proposal 2: The following options are listed to specify delta Tib and Rib requirements for CA_n5-n8 for full n5 and n8 filters.
Option 1: 0 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 3-antenna implementation assumption
Option 2: 0.4 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 2-antenna implementation assumption
Observation 2: there is no MSD for band n8 DL due to band n5 UL interference since RF components can provide necessary isolation.
Proposal 3: The following options are listed to specify delta Tib and Rib requirements for CA_n5-n8 for dedicated RF filter implementation.
Option 1: 0 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 3-antenna implementation assumption
Option 2: 0.4 Tib for both n5 and n8, 0 Rib for both n5 and n8 based on 2-antenna implementation assumption
Proposal 4: For dedicated RF filters solution, both DL and UL CA can be supported for CA_n5-n8 and there is no need to specify MSD due to IMD interference.
Observation 3: For dedicated RF filters solution, the performance of band n5 Rx filter need to be further studied and it may have an impact on the MSD due to cross band isolation between n5 DL and n8 UL. This work can be further studied in work item phase.
Observation 4: If we go option 1 (New bands would be required), some cons are observed, e.g. fragmental ecosystem and some impacts on legacy UEs for single carrier operation.
Proposal 5: one solution to distinguish different implementation and scheduling restriction is to introduce one capability for CA_n5-n8. This solution can be captured into TR of SI phase. The specific details can be further discussed in WI phase.
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