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Introduction
In R18, new WI [1] for support of intra-band non-collocated EN-DC/NR-CA deployment was approved, and the objectives of this WI are described as follows:
	· Phase I:
· Study the feasibility to support non-co-located scenarios for both FR1 inter-band EN-DC with overlapping and FR1 intra-band 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
· 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
· 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
· NOTE: Revisit whether or not to study the feasibility for support of 4Rx chains with up to 4-layer MIMO at RAN#97. This 4-layer is only for DL in Rel-18.
· NOTE: Revisit whether or not to study the technical solutions can be applied to EN-DC case regardless of band contiguity at RAN#97. 
· 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 will provide the discussion on MRTD and MTTD requirements for FR1 intra-band EN-DC/NR-CA in non-collocated deployment.
Discussion
In RAN4, the UE RF architecture for supporting intra-band EN-DC/NR-CA in non-collocated deployment was discussed in RF session.
For 2 layer MIMO case, the following agreements were captured in WF [2]
	<RAN4#104e> Issue 2-2-1 (a): UE RF architecture
Agreement: 
· Total four RF antenna is assumed.
· Reuse UE RF architecture of inter-band non-contiguous DC_42_n77/78 EN-DC Type-2 (i.e. 2 layer/2 Rx Chain per CC, total 4 Rx Chain) as the baseline.


It can be observed that the UE RF architecture of Type 2 UE can be reused for supporting intra-band non-collocated EN-DC/NR-CA, where Type 2  UE is assumed to have separate Rx chains for different CCs.
For EN-DC band combination DC_42_n77/78, UE capability of interBandMRDC-WithOverlapDL-Bands-r16 is defined as follows in TS38.306:
	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 overlapping DL bands with an (NG)EN-DC/NE-DC MRTD according to clause 7.6.2/7.6.5 in 38.133 [5] and inter-band RF requirements (i.e Type 2 UE). If the capability 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).
	BC
	No
	N/A
	FR1 only


For Type 2 UE, the MRTD requirements defined in 38.133 for inter-band case shall be applied. With the same UE RF architecture, the MRTD requirements defined in 38.133 for inter-band case also can be reused for intra-band EN-DC/NR-CA in non-collocated deployment.
Proposal 1: For 2 layer MIMO case, the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can be reused for intra-band EN-DC/NR-CA in non-collocated deployment.
For 4 layer MIMO case, the following agreements were captured in WF [3]
	< Issue 2-1-1: Possible UE RF architecture candidates on new Type UE>
Agreement: 
· Agree the following table as UE RF architecture candidates on new Type UE for non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC
· Check whether there are other restrictions except for power imbalance. If some other restrictions are found, moderator will add them to the table immediately
· Prioritize Type 3a/3b discussion for 4MIMO layer in Rel-18.
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Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA,ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	3a
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	2
	2
	2Rx
	
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	4
	4
	4Rx
	
	
	
	

	4a
	1
	4
	6
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	


 


Type 3a/3b UE is prioritized for 4 layer MIMO. It can be observed that the UE RF architecture of Type 3a/3b UE have partially separate RF chains for different CCs but with the shared LNA. Type 3a/3b UE can be assumed to perform separate time/frequency tracking for different CCs. However, the impact of larger RTD on the shared LNA needs to be further studied.
Proposal 2: For 4 layer MIMO case, RAN4 further study whether the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can be reused for intra-band EN-DC/NR-CA in non-collocated deployment.
Conclusions
In this paper we provided our initial analysis on MRTD/MTTD requirements for FR1 intra-band EN-DC/NR-CA in non-collocated deployment. The followings are provided:
Proposal 1: For 2 layer MIMO case, the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can be reused for intra-band EN-DC/NR-CA in non-collocated deployment.
Proposal 2: For 4 layer MIMO case, RAN4 further study whether the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can be reused for intra-band EN-DC/NR-CA in non-collocated deployment.
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