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1. Introduction
The latest WID was agreed as follows:
· Phase I:
· Study the feasibility to support non-co-located scenario for FR1 intra-band non-contiguous EN-DC/NR-CA except for 2-layer case of EN-DC with supporting the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 already specified in Rel-16 and Rel-17.
· Investigate the tolerable power imbalance between carriers
· Investigate the required arrival time difference between CCs
· [bookmark: _Hlk105539516]Investigate the additional impacts of contiguous case, if time units are available.  
· Evaluate the UE performance under the power imbalance and arrival time difference
· Discuss and decide reference UE architecture considering the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 for 2-layer MIMO case for NR-CA, and 4-layer MIMO case for both EN-DC/NR-CA
· [bookmark: _Hlk105539888]NOTE 1: For UE capable of supporting 2-layer MIMO, only assuming power imbalance 25dB
· [bookmark: _Hlk105540074][bookmark: _Hlk105538972]NOTE 2: For UE capable of supporting 4-layer MIMO, 2-layer MIMO power imbalance assumption can be considered as a base line but another value or the same power imbalance with different throughput performance requirement is not precluded.
· NOTE 3: RAN4 is recommended to start the work on 2-layer first and after that start 4-layer work based on the conclusion of 2-layer work.
· Work is limited to CA/EN-DC for EN-DC/NR-CA for bands 42, n77/n78
· Investigate whether the power imbalance should be explicitly (e.g. as an RF requirement) or implicitly specified (e.g. through a demodulation performance test). Specify the power imbalance based on the outcome of the investigation.
· If any change in RAN1 or RAN2 spec is needed, it will be triggered by RAN4 LS
· Phase II: 
· Phase II work will get started after the feasibility in phase I is confirmed
· Specify MRTD and MTTD requirements in non-collocated deployment
· Discuss and decide if the different requirements will be specified based on UE capability of interBandMRDC-WIthOverlapDL-Bands-r16.

In this contribution, we share our views on RF requirement for the UE capable of supporting 2-layer MIMO.
2. Discussion
2.1 RF requirement of intra-band CA for supporting 2-layer MIMO
In LTE R10, power imbalance for intra-band CA was discussed and the requirement to express receiver image rejection was defined. However, the issue is derived from using one shared Rx chain to receive CCs with power imbalance and only 6dB difference was allowed in demodulation verification.
[image: IRR_analysis_per_carrier_CA.tif]
Figure 1: IRR for adjacent carrier CA [1]

The power imbalance requirement to support non-collocated deployment was defined for EN-DC with overlapping spectrum in R16 and R17 discussion, as shown in Table 1[1].

Table 1: Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship
(Center of BWanother Relative to edge of BWwanted)

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	



From RF architecture perspective, EN-DC with overlapping spectrum need to share Rx chain to reduce complexity of front end, and it also means there is no big difference between EN-DC and intra-band CA in RF implementation under such condition. Even though the EN-DC may have dedicated filter for each band, it has no help to avoid the de-sense caused by the power balance. From requirement perspective, the ACS/IBB requirements are same for EN-DC and intra-band CA when only one component carrier exist in each sub-block, and we can assume that the filter capability is similar under such configuration. Based on the analysis above, it is feasible to reuse Type2 UE power imbalance requirement to each sub-block with CA bandwidth class A.   

Observation 1: UE under intra-band CA and EN-DC have similar condition from either RF architecture and ACS/IBB requirement. 

Proposal 1: Reuse Type 2 UE power imbalance requirement to intra-band NC CA that each sub-block with CA bandwidth class A.

The ACS/IBB requirement for intra-band NC CA depends on CA bandwidth class and only class C have same requirement as single carrier. It is noted that actually only class A configuration exist in n77/n78 band in current spec, and if operators can clarify whether other class also need to be considered, the working scope will be clearer.

Observation 2: The ACS/IBB requirements of intra-band NC CA are various which depends on the CA bandwidth class.


Proposal 2: Operators need to clarify whether CA bandwidth class B, C, D for each sub-block in n77/n78 also should be considered.

Considering the power imbalance is up to 25 dB, using one shared Rx chain to receive all CCs is not feasible due to the limitation of shared AGC and ADC dynamic range. Then the baseline should be sperate Rx chain for each CC with large power imbalance, which means if only 4Rx is assumed, only up to 2-layer MIMO can be achieved and all other 4Rx requirement also should be invalid.

Observation 3: Only separate Rx chain has the possibility to withstand up to 25 dB power imbalance.

Proposal 3: For 4Rx UE under high power imbalance, only up to 2-layer MIMO can be achieved and all other 4Rx requirement should be invalid.
2.2 UE capability 
In current spec, the requirement for intra-band CA was defined based on the co-located deployment assumption but the deployment is transparent to spec. For EN-DC with overlapping spectrum, one capability was defined to indicate the UE can support non-collocated deployment and it is distinguished by MRTD.

[bookmark: _Hlk68106995][image: ]
Figure 2 capability defined in TS 38.306

Obviously this capability is only used for MRDC, so a new capability to indicate UE can support MRTD > 3us under intra-band CA should be defined. Considering UE support 2-layer MIMO and 4-layer MIMO will have quite different architecture and requirement, the capability should contain the two cases respectively.

Proposal 4: A new capability to indicate UE can support MRDC > 3us under intra-band CA should be define, and UE should further indicate whether it can support 2-layer MIMO or 4-layer MIMO.
 

3. Conclusion
In this contribution, we share our views on intra-band CA under non-collocated deployment, and the observation and proposals are as follows:

Observation 1: UE under intra-band CA and EN-DC have similar condition from either RF architecture and ACS/IBB requirement. 

Observation 2: The ACS/IBB requirements of intra-band NC CA are various which depends on the CA bandwidth class.

Observation 3: Only separate Rx chain has the possibility to withstand up to 25 dB power imbalance.

Proposal 1: Reuse Type 2 UE power imbalance requirement to intra-band NC CA that each sub-block with CA bandwidth class A.


Proposal 2: Operators need to clarify whether CA bandwidth class B, C, D for each sub-block in n77/n78 also need be considered.

Proposal 3: For 4Rx UE under high power imbalance, only up to 2-layer MIMO can be achieved and all other 4Rx requirement should be invalid.

Proposal 4: A new capability to indicate UE can support MRDC > 3us under intra-band CA should be define, and UE should further indicate whether it can support 2-layer MIMO or 4-layer MIMO.
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interBandMRDC-WithOverlapDL-Bands-r16
Indicates the UE supports FDD-FDD or TDD-TDD inter-band (NG)EN-DC/NE-DC
operation with overlapping or partially overiapping DL bands with an (NG)EN-
DC/NE-DC MRTD according to clause 7.6.27.6.5 in 38.133 [5] and inter-band RF
requirements (i, Type 2 UE). If the capabiliy is not reported, the UE supports FDD-
FDD or TDD-TDD inter-band operation with overlapping or partially DL bands with
(NG)EN-DC/NE-DC MRTD<3us according to clause 7.6.3 in 38.133 [5] and intra-
band RF requirements (i.e. Type 1 UE).
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