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1. Introduction
In RAN4#110bis meeting, the intra-band non-collocated UE behaviour and capability has been discussed and the WF [1] has been agreed. In this paper, we give further analysis on the UE capability
2. Discussion
During the last RAN4#110bis meeting, the agreement for UE capabilities has been captured as below from the WF[1].
< 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.
< 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) 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=Type 1 capability) when operating in collocated scenarios.
· Maximum 8 MIMO layers on each CC
· It may be optionally supported
· Maximum PSD imbalance of 6dB
< 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.
Sub-topic 2-4: NW Signaling/UE behavior for Type 4 EN-DC/NR-CA
< 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.
< Issue 2-4-3: When to inform RAN2 the demand on new UE capability(s) and new NW signaling(s) >
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.



Firstly, we might need to clarify what is type 2 capability and type 4 capability. Currently in TS 38.306, the capability is described as below:
	intraBandNR-CA-non-collocated-r18
Indicates whether the UE supports TDD-TDD intra-band non-collocated NR-CA operation with MTTD/MRTD requirements according to Table 7.5.4-1/Table 7.6.4-2 in TS 38.133 [5] and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in TS 38.101-1 [2], and TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in TS 38.133 [5] and UE RF requirements for intra-band NR-CA except for 7.10A in TS 38.101-1 [2]. If the capability is not reported, the UE only supports TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in TS 38.133 [5] and UE RF requirements for intra-band NR-CA except for 7.10A in TS 38.101-1 [2].

A UE supporting this feature shall also support network controlled indication of the MTTD/MRTD and RF requirements by nonCollocatedTypeNR-CA-r18 for intra-band non-collocated NR-CA, as defined in TS 38.331 [9].
	BC
	No
	N/A
	FR1 only



The signalling for Rel-18 only depends on the UE RF and RRM requirement as MTTD/MRTD and power imbalance. This might have ambiguity since currently the Rel-19 type 4 UE is most likely to reuse the legacy UE RF and RRM requirement of type 2 UE.
Observation 1: The signalling for Rel-18 only depends on the UE RF and RRM requirement as MTTD/MRTD and power imbalance.
However, as discussed in our previous meeting as long as the WI description, it is quite clear the difference between the type 2 UE and type 4 UE is the capability of maximum MIMO layers for each CC. Hence there is some solution that reuse the Rel-18 signalling along with the maxNumberMIMO-LayersPDSCH to indicate the Rel-19 capability. The maxNumberMIMO-LayersPDSCH is captured as below:

	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If supportOf2RxXR is indicated, for single CC standalone NR, it is mandatory with capability signalling to support 2 MIMO layers in the bands specified in Table 7.3.2-2b in TS 38.101-1 [2]. If absent, the UE does not support MIMO on this carrier.

For the bands where pdsch-1024QAM-2MIMO-FR1-r17 is indicated, MIMO layers for 1024 QAM is the smaller value between 2 and maxNumberMIMO-LayersPDSCH.
	FSPC
	CY
	N/A
	N/A



For current requirement applicability, below table can be concluded as:
	Capability
	IE value

	intraBandNR-CA-non-collocated-r18
	indicate

	nonCollocatedTypeNR-CA-r18
	Not provided

	maxMIMO-Layers
	2


However, the maMIMO-layers of a UE supporting band n77/n78 is for sure possible and hence still the UE can indicate the maxMIMO-layers as 4 when the UE first connect to the network. This is because UE does not know for the specific band combination, what exact deployment scenario is. And also this is why a network signalling is needed to tell the UE behaviour.
Observation 2: The Rel-18 signalling together with the network signalling and also the maxMIMO-layers together determine the UE behaviour.
Also during the Rel-18 discussion, although no online agreement, but still some offline agreement that for the case maxMIMO-layers is 4 for type 2 UE, there will be no requirement and depends on UE implementation.
Hence, it is proposed to define a new type 4 UE capability and especially should include the MIMO layer perspective to differentiate it from the type 2 capability in case the RRM and RF requirements are the same.
Proposal 1: To define a new type 4 UE capability.
Proposal 2: The new type 4 capability should include the MIMO layer perspective to differentiate it from the type 2 capability in case the RRM and RF requirements are the same.
With the above clarification of type 2 and type 4 capability, from our understanding, the RF and RRM requirement for type 2 and type 4 UE are the same while the only difference will be the MIMO layer support capability. Consequently, when MIMO layer of 4 is supported for type 4 UE, it is naturally that the type 2 UE capability is supported. However, this should not influence the Rel-18 configuration. But for Rel-19, if the UE report type 4 capability, then the network can assume the type 2 capability is supported.
Proposal 3: For Rel-19, if the UE report type 4 capability, then the network can assume the type 2 capability is supported.
For the NW signalling of switching between type 1 and type 4, we think it is needed. As stated above, a UE supporting type 4 capability is assumed to support type 2 capability, then this will need a new NW signalling to differentiate the type 2 and type 4 capability.
Proposal 4: New NW capability for type 4 is needed.
3	Conclusions
In this paper, we give further discussion on Type 4 UE behaviour and capability
Observation 1: The signalling for Rel-18 only depends on the UE RF and RRM requirement as MTTD/MRTD and power imbalance.
Observation 2: The Rel-18 signalling together with the network signalling and also the maxMIMO-layers together determine the UE behaviour.
Proposal 1: To define a new type 4 UE capability.
Proposal 2: The new type 4 capability should include the MIMO layer perspective to differentiate it from the type 2 capability in case the RRM and RF requirements are the same.
Proposal 3: For Rel-19, if the UE report type 4 capability, then the network can assume the type 2 capability is supported.
Proposal 4: New NW capability for type 4 is needed.
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