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1 Introduction
RAN4 recently discussed how to support the Type 1 and Type 2 UE in intra-band non-collocated ENDC/NR SA scenario. Companies raised unresolved issues to RAN plenary #101 meeting and finally RAN concluded with an LS [1] to RAN2, requesting RAN2 to provide the signaling support on UE capability and network configuration.
	For TDD-TDD intra-band NR-CA
During RAN4#107 meeting, RAN4 concluded a separate new capability signalling is needed, which is to indicate 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 38.133 and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in 38.101-1 (Type 2 capability requirement). 
If the new UE capability is absent, the UE supports TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in 38.133 and UE RF requirements for intra-band NR-CA except for 7.10A in 38.101-1 (Type 1 capability requirement).

RAN4 also concluded the UE indicating the “New UE capability” can also support Type 1 capability requirement. 
This new UE optional capability is expected to be per BC, and applicable to only band n77 and n78.

RAN would like to request RAN2 to specify “New UE capability” based on the RAN4 agreements.

For TDD-TDD inter-band EN-DC with overlapping or partially overlapping bands
In this case, the existing UE capability “interBandMRDC-WithOverlapDL-Bands-r16” and existing RAN4 requirements for Type 1 capability and Type 2 capability shall be used. See “interBandMRDC-WithOverlapDL-Bands-r16” in 38.306.

2) New BS signalling

During RAN#101 meeting, RAN agreed to introduce new BS signalling by RRC to indicate whether Type 1 or Type 2 capability requirements will be applied by a UE configured by the network with the value of IE maxMIMO-Layers no more than 2 and task RAN2 to develop relevant signalling.

This new BS signalling is applied to the below cases.
For TDD-TDD inter-band EN-DC with overlapping or partially overlapping bands
This new BS signalling is expected to be applicable for TDD-TDD inter-band EN-DC with overlapping or partially overlapping bands provided the UE has indicated “interBandMRDC-WithOverlapDL-Bands-r16”.

For TDD-TDD intra-band NR-CA
This new BS signalling is expected to be applicable for TDD-TDD intra-band NR-CA provided the UE has indicated “New UE capability”.


2 Discussions

Overall, RAN4 agreed on two types of UE to support intra-band non-collocated NR SA in band n77/n78. Simply speaking, Type 1 UE supports legacy intra-frequency collocated scenario and Type 2 UE supports new intra-frequency non-collocated scenario.

Type 1 UE is characterized by:
1) Capable of handling 6dB power imbalance and 3us MRTD between CCs (type 1 capability).
2) Support maximum 4MIMO layer per CC (type 1 capability).

Type 2 UE is characterized by:

1) Capable of handling 25dB power imbalance and 33us MRTD between CCs (type 2 capability).
2) Support maximum 2MIMO layer per CC in non-collocated scenario (type 2 capability).

3) Support maximum 4MIMO layer per CC in collocated scenario (type 1 capability).

From hardware perspective, Type 2 UE can be implemented by splitting 4 RF chains of Type-1 UE into 2x2 chains and each set of 2 RF chains can be optimized in gain/timing for receiving one of the CCs involved. Based on the hardware capability assumption as such, it is understood that Type 2 UE can work as Type 1 UE under network with collocated deployment. That is why eventually RAN plenary agreed to introduce a BS signaling to indicate UE whether Type 1 or Type 2 capability requirements will be applied by a UE configured by the network with the value of IE maxMIMO-Layers no more than 2.
2.1 New UE capability
The LS [1] requested RAN2 to introduce a new UE capability for TDD-TDD intra-band non-collocated NR-CA operation, indicating the following:

· 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 38.133 and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in 38.101-1 (Type 2 capability requirement).
· If absent, the UE supports TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in 38.133 and UE RF requirements for intra-band NR-CA except for 7.10A in 38.101-1 (Type 1 capability requirement).
· UE indicating the “New UE capability” can also support Type 1 capability requirement. 
· Per BC, and applicable to only band n77 and n78.

Proposal 1: It is proposed to agree the following capability definition for Type 2 UE for intra-band non-collocated CA.
	intraBandNonCollocatedCA-r18

Indicates the UE supports TDD-TDD intra-band non-collocated CA operation with NR carrier aggregation MTTD/MRTD according to Table 7.5.4.1/Table 7.6.4-2 in 38.133 [5] and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in 38.101-1 [2]. 

If absent, the UE supports TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in 38.133 and UE RF requirements for intra-band NR-CA except for 7.10A in 38.101-1 [2].
	BC
	No
	TDD only
	FR1 only


One unclear part is when the new UE capability is absent, the corresponding UE requirement only mentions MRTD (but not MTTD). RAN2 can wait for RAN4 further input on it.
2.2 RRC configuration

The second change request from RAN LS is on network configuration, to provide indications to let Type 2 UE know which requirement should be applied, subject to the actual network deployment.

1) EN-DC: For TDD-TDD inter-band with overlapping or partially overlapping bands
2) NR-CA: For TDD-TDD intra-band 

For EN-DC, RAN2 needs to discuss if the indication should be carried in both LTE cell and NR cell on the same TDD band, or it only needs to be carried in one leg. From our understanding, it would be clearer that both LTE and NR cells provide the same configuration. One advantage is it is simpler to not intentionally define which cell should provide the indication and which cell should not. UE behavior would be also clean in this way. Similarly, in NR-CA, the indication should be also carried in both (all) cells on the same band.
Proposal 2: Introduce a new per cell configuration into TS36.331 and TS38.331 to indicate Type1/Type 2 requirement to apply.
In addition, we would like to confirm for a Rel-18 Type 2 UE, UE should be able to report its capability maxNumberMIMO-LayersPDSCH more than 2. From network perspective, the deployment could be either collocated or non-collocated. When the Rel-18 new BS signaling is not present, UE would consider the network is in collocated deployment thus Type 2 UE can by default apply Type 1 requirements. The assumption here is before Rel-18, there should be no non-collocated intra-band CA network.

Table 1: Combination on network and UE type in Rel-18 NR CA
	Combination(s)
	Network type
	UE type
	UE behavior

	1
	Rel-18 collocated/non-collocated (with BS signaling)
	Rel-18 Type 2 UE
	Clear

	2
	Legacy collocated network
	Rel-18 Type 2 UE
	By default, apply Type 1 requirements.


Proposal 3: For Rel-18 Type 2 UE in NR CA, if the new Rel-18 indication on Type1/Type2 requirement is not present, Type 2 UE by default apply Type 1 UE capability requirement.
In addition, there is a statement in the LS saying “configured by the network with the value of IE maxMIMO-Layer2 no more than 2”. We suppose the assumption is if network configures UE with maxMIMO-Layers larger than 2, UE should interpret the network deployment is in collocated and UE correspondingly apply Type 1 UE capability requirement.

	2) New BS signalling

During RAN#101 meeting, RAN agreed to introduce new BS signalling by RRC to indicate whether Type 1 or Type 2 capability requirements will be applied by a UE configured by the network with the value of IE maxMIMO-Layers no more than 2 and task RAN2 to develop relevant signalling.


Proposal 4: RAN2 to confirm if configured maxMIMO-Layers is larger than 2 and the new RRC configuration on Type1/Type requirement is absent, UE apply Type 1 UE capability requirement.
2.3 Inter-operability for Rel-16 EN-DC
Another aspect we would like to clarify is inter-operability related issues for inter-band EN-DC with (partially) overlapping band. 
First, let’s discuss about legacy Rel-16 Type 2 UE behavior which is not crystal clear. For Rel-18 Type 2 UE for NR CA, we think UE can report maxNumberMIMO-LayersPDSCH for the overlapping band larger than 2 because network may configure UE with Type 1 requirement or 4 MIMO layers. However, for Rel-16 Type 2 UE for EN-DC, it requires some discussions. From our understanding, there could be two interpretations. 
· Interpretation 1: 
· Type 2 UE reports maxNumberMIMO-LayersPDSCH for the overlapping band no more than 2
· Always apply Type 2 UE requirements because UE cannot differentiate NW deployment.
· Interpretation 2: 
· Type 2 UE can report maxNumberMIMO-LayersPDSCH for the overlapping band larger than 2, assuming some networks are collocated.
· When configured maxMIMO-Layers is larger than 2, UE apply Type 1 requirements (i.e., collocated network)

· When configured maxMIMO-Layers is no more than 2, confusion occurs as there may be collocated or non-collocated networks.
Between the two interpretations, we think Interpretation 1 is the right one. The reason is in TS38.101-3 until Rel-17, it clearly says the Rx requirements for four Rx ports do not apply. That is, network would not configure UE with maxMIMO-Layers larger than 2.
	Excerpted from TS38.101-3 [2]:

For a UE indicating interBandMRDC-WithOverlapDL-Bands-r16 for the following EN-DC band combinations in Table 7.10B.3-2, the Rx requirements for four Rx ports do not apply for each band in EN-DC operating mode.

Table 7.10B.3-2: EN‑DC combinations

EN-DC combination

DC_42_n77

DC_42_n78




Observation 1: Until Rel-17, for UE indicating interBandMRDC-WithOverlapDL-Bands-r16, TS38.101-3 does not introduce Rx requirements for four Rx ports. 
With this, Rel-16 Type 2 UE is likely to report maxNumberMIMO-LayersPDSCH no more than 2 on the overlapping band, to avoid misconfiguration from network. Correspondingly, network does not configure UE with four MIMO layers no matter it is collocated or non-collocated. In addition, Type 2 UE by default applies Type 2 requirements without worrying about network real deployment. The reasoning here is if Type 2 UE by default applies Type 1 requirements, non-collocated network has no other means to switch UE from Type 1 to Type 2.
Proposal 5: In Rel-16, Type 2 UE always applies Type 2 requirements.
When it comes to Rel-18, for network to provide the new Rel-18 BS signaling to switch UE from Type 2 requirements to Type 1 requirements, network should be aware of that the UE is capable of reading such configuration. Implicitly, there is additional effort in Rel-18 Type 2 UE to fall back to Type 1 requirements (which is not required in Rel-16).
Proposal 6: Introduce a new Rel-18 UE capability signaling to indicate UE can be configured with new Rel-18 BS signaling.
2.4 Early implementation of BS signaling in EN-DC
As explained above, for EN-DC, the non-collocated deployment on inter-band TDD-TDD (partially) overlapping band is already supported since Rel-16. However, the new RRC configuration to indicate the Type1/Type2 requirement only becomes feasible in Rel-18. As illustrated above, even if the actual deployment is collocated, Type 2 UE would still follow Type 2 requirement and do not fallback to Type 1. In order to address this issue, it could be considered to make the feature early implementable.
Proposal 7: Suggest to make Rel-18 signaling which to indicate the Type1/Type2 requirement early implementable in EN-DC.
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: It is proposed to agree the following capability definition for Type 2 UE for intra-band non-collocated CA.
Proposal 2: Introduce a new per cell configuration into TS36.331 and TS38.331 to indicate Type1/Type 2 requirement to apply.

Proposal 3: For Rel-18 Type 2 UE in NR CA, if the new Rel-18 indication on Type1/Type2 requirement is not present, Type 2 UE by default apply Type 1 UE capability requirement.
Proposal 4: RAN2 to confirm if configured maxMIMO-Layers is larger than 2 and the new RRC configuration on Type1/Type requirement is absent, UE apply Type 1 UE capability requirement.
Observation 1: Until Rel-17, for UE indicating interBandMRDC-WithOverlapDL-Bands-r16, TS38.101-3 does not introduce Rx requirements for four Rx ports. 

Proposal 5: In Rel-16, Type 2 UE always applies Type 2 requirements.

Proposal 6: Introduce a new Rel-18 UE capability signaling to indicate UE can be configured with new Rel-18 BS signaling.
Proposal 7: Suggest to make Rel-18 signaling which to indicate the Type1/Type2 requirement early implementable in EN-DC.
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