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Introduction
Intra-band non-collocated NR CA/EN-DC has been discussed in the last RAN4 meeting. The following issues are for further study as captured in [1].
< Issue 2-3-1:  New UE Capabilities for Type 4a(EN-DC) and 4b(EN-DC/NR-CA) >
< Issue 2-3-3:  Whether to support Type 2 capabilities by UE having Type 4 capability >
< Issue 2-4-1:  New NW Signaling to switch between Type 1 and Type 4 >
< Issue 2-4-2:  UE behavior between Type 1, Type 2 and Type 4 with new NW Signaling >
< Issue 2-4-3: When to inform RAN2 the demand on new UE capability(s) and new NW signaling(s) >










This contribution will give further analysis on these open issues and presents our proposals. The discussion in this paper is based on CA type 4 UE, while similar conclusions are also applicable for EN-DC type 4 UE.

Discussion
background
Table 2-1 reference architecture for type 4 UE
	UE type
	CC#
	Antenna/LNA
	mixer
	Analog BB
	Frequency separation
	NR CA/EN-DC
	Power imbalance

	4a
	1
	4
	6 total
	4
	4
	No limitation or <X MHz
	EN-DC
	25dB full range

	
	2
	2
	
	2
	2
	
	
	

	4b
	1
	4
	8 total
	4
	4
	No limitation or <X MHz
	NR CA, EN-DC
	25dB full range

	
	2
	4
	
	4
	4
	
	
	



It has been agreed that type 4 UE should support the following capability sets.
It should be mentioned that type 1 means UE supporting intra-band non-contiguous CA for collocated scenario where the PSD imbalance between CCs is within 6dB. In other words, it is mainly coupled to the capability of UE handling multiple CCs (in this WI, it is 2) with single Rx chain.  Since different UE have different number of Rx chains, it is necessary to clarify that the number of Rx’s when mentioning of type 1, e.g. 4Rx type 1 and 8Rx type. It would be clearer to mention which kind of type 1 for the future discussion. < Issue 2-3-2:  UE having Type 4 capabilities in non-collocated/collocated scenarios >
Agreement:
· UE having Type 4 capability support the following capabilities (Set 1, type 4) when operating in non-collocated scenarios. 
· Maximum 4 MIMO layers on each CC
· Maximum power imbalance of 25dB
· UE having Type 4 capability support the following capabilities (Set 2, 8Rx type 1) when operating in collocated scenarios.
· Maximum 8 MIMO layers on each CC
· It may be optionally supported.
· Maximum PSD imbalance of 6dB

Proposal 1: it is proposed to clarify type 1 mainly refer to the capability of handling multiple CCs (e.g. 2) with a single Rx chain. And it’s better to mention which kind of type 1, e.g. 4Rx type 1 or 8Rx type 1, in future discussion.
Signalling support for Type 4 UE
As mentioned in section 2.1, it was agreed that 2 sets of capabilities are supported for type 4UE. It is necessary to discuss how to apply the requirements for type 4 UE when operating with different capabilities. 
· For the first set of capabilities (e.g. maximum 4 MIMO layer per CC and 25dB power imbalance between CCs), it corresponds to UE operating in non-collocated deployment scenario. The to-be-defined power imbalance requirement as discussed in section 2.3 is applicable. 
· For the second set of capabilities (e.g. maximum 8MIMO layer per CC and 6dB power imbalance between CCs), it corresponds UE operating in collocated deployment scenario. The conventional RF requirements for intra-band contiguous CA for eight Rx for collocated scenario are applicable. 
The following agreement was captured in the WF [1]. In our view, a new IE is necessary to support type 4 UE capability reporting. Since maxNumberMIMO-layersPDSCH is only reported once as acquired by network. While the maximum MIMO layers supported per CC for type 4 UE depends on the actual operating condition (collocated or non-collocated). And use a dedicated IE for type 4 UE capability report will be the most suitable and cleanest solution.
目前的情况是根据RSRP增加layer< Issue 2-3-1:  New UE Capabilities for Type 4a(EN-DC) and 4b(EN-DC/NR-CA) >
Way Forward: 
· Continue further discussion on the following two options in the next meeting.
· Option 1
· Add new UE capabilities for Type 4a(EN-DC) and 4b(EN-DC/NR-CA) support indication.
· Option 2
· Reuse intraBandNR-CA-non-collocated-r18 and maxNumberMIMO-LayersPDSCH=4 for FR1 NR intra-band CA and interBandMRDC-WithOverlapDL-Bands-r16 and maxNumberMIMO-LayersPDSCH=4 for FR1 inter-band non-contiguous EN-DC with overlapping or partially overlapping bands.

如果一个carrier 的RSRP比较小，但CC间的RTD比较好，也可以配置为CA。
SFTD

Proposal 2: it is proposed to introduce new IE to indicate capabilities for type 4a and type 4b UE respectively.
Switch between 8Rx Type 1 and Type 4 
Like the handling of type 2 UE, it is proposed to consider clear network indication to support switching between 8Rx type 1 and type 4 capability. 
Proposal 3: It is proposed to consider clear network indication to support switching between 8Rx type 1 and type 4 capability.
type 4 UE fall-back
Another issue is whether type 4 UE should support type 2 capability by default. 
As concluded in Rel-18, Type 2 UE capabilities include 2 Rx’s per CC in non-collocated scenario and 4 Rx’s per CC in collocated CC. For type 4 UE, both these 2 sets of capabilities can be supported by default. e.g. it can either switch off 2Rx chains for each CC to support 2Rx per CC, or it can switch off 4Rx chains and share the other 4 Rx chains for both CCs. We think it is reasonable if Type-4 capability is indicated, Type-2 capability shall be deemed as support by default regardless of whether UE indicates Type-2 capability or not.< Issue 2-3-3:  Whether to support Type 2 capabilities by UE having Type 4 capability >
Way Forward: 
· Continue further discussion on the following proposal in the next meeting.
· If Type-4 capability is indicated, Type-2 capability shall be deemed as support by default regardless of whether UE indicates Type-2 capability or not.

Proposal 4: If type 4 capability is indicated, type 2 capability shall be deemed as supported by default. e.g. 4Rx type 1 capability and type 2 capability shall be supported by default for type 4 UE. 
The next issue is network signaling to support switch between type 1, type 2 and type 4 as below. Our understanding is that type 1 here means 4Rx type 1. And it is an open issue on whether and how to support fall back of type 4 to 4Rx type 1 and type 2. In our view, it brings no benefits for a type 4 UE fall back to type 2 capability compared to fall back to single CC 4Rx. And it also brings no benefits for a type 4 UE fall back to type 1 capability compared to fall back to single CC 8Rx operation. Hence it is preferred that type 4 UE can skip type 1 and type 2 capability and directly fall back to single CC 4Rx operation or single CC 8Rx operation if the data demand is decreased. But it can be up to network decision whether to schedule type 4 UE as fallback mode of type 2 and 4Rx type 1.< Issue 2-4-1:  New NW Signaling to switch between Type 1 and Type 4 >
Way Forward: 
· First, conclude discussions of whether to add new UE capability(s) for Type 4.
· And then, continue further discussion on NW signalling/UE behavior in the next meeting.

< Issue 2-4-2:  UE behavior between Type 1, Type 2 and Type 4 with new NW Signaling >
Way Forward: 
· First, conclude discussions of whether to add new UE capability(s) for Type 4.
· And then, continue further discussion on NW signalling/UE behavior in the next meeting.

Observation: there is no benefits for type 4 UE fall back to type 1 and type 2 capability compared to single CC 4Rx operation or single CC 8Rx operation.
In short it is beneficial to support type 4 UE fall back to single CC 4Rx operation and single CC 8Rx operation and skip fall back to both type 1 and type 2 capability. And there seems no need to introduce network indication since it can be done by the Scell activation deactivation, configuration/de-configuration procedure depending on the data demand.
Proposal 5: it is proposed that type 4 UE only support fall back to single CC 4Rx operation and single CC 8Rx operation. 
Proposal 6: there is no need to introduce network signaling to support type 4 UE fall back to single CC 4Rx operation or single CC 8Rx operation.
Summary
This contribution presented our consideration on the open issues for type 4 UE capability and signalling support. The following proposals and observations are concluded.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: it is proposed to clarify type 1 mainly refer to the capability of handling multiple CCs (e.g. 2) with a single Rx chain. And it’s better to mention which kind of type 1, e.g. 4Rx type 1 or 8Rx type 1, in future discussion.
Proposal 2: it is proposed to introduce new IE to indicate capabilities for type 4a and type 4b UE respectively.
Proposal 3: It is proposed to consider clear network indication to support switching between 8Rx type 1 and type 4 capability.
Proposal 4: If type 4 capability is indicated, type 2 capability shall be deemed as supported by default. e.g. 4Rx type 1 capability and type 2 capability shall be supported by default for type 4 UE. 
Observation: there is no benefits for type 4 UE fall back to type 2 capability compared to single CC 4Rx operation.
Proposal 5: it is proposed that type 4 UE only support fall back to single CC 4Rx operation and single CC 8Rx operation. 
Proposal 6: there is no need to introduce network signaling to support type 4 UE fall back to single CC 4Rx operation or single CC 8Rx operation.
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