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Introduction
There were extensive discussions on intra-band non-collocated CA/EN-DC in the past meetings. All the agreements have been captured in [1-4]. The following open issues are to be solved for 2MIMO layer case and 4MIMO layer case in the coming meetings.
· Signaling support for type 2 UE
· Feasibility study for type 3a/3b UE
There are some discussions on these 2 issues in RAN4#106 meeting, but no consensus has been reached [9]. This contribution will continue the discussion on these 2 issues and give our proposals.
Discussion
Signalling aspects for 2MIMO layer case
According to WF [1], the following was agreed for UE Capability for 2MIMO layer. < Issue 2-5-1: Clarify Type-1 and Type-2 UE configurations for non-collocated NR CA>
Agreement:
· Type-1 is default/legacy already specified and Type-2 should be specified for non-collocated NR-CA.

< Issue 2-5-2: Introduce intra-band non-collocated MR-DC/NR-CA behaviour via UE capabilities>
Way forward:
· Introduce new UE capability for intra-band non-collocated NR-CA Type-2 UE
Final decision should be made after the feasibility study of architectures and functionality.







The CA type 2 UE RF requirement and MRTD/MTTD requirements for 2MIMO layer case have been agreed and will be introduced into specs [5, 6]. These 2 requirements are relevant for UE capability reporting to be included in the signaling design. In the last meeting, the signaling for 2MIMO layer case was discussed based on the proposal in [9]. It was agreed to only consider TDD-TDD intra-band non-collocated CA operation in Rel-18. Hence, the updated signaling description is proposed as in table 2.1-1.
Table 2.1-1 Signaling for intra-band non-collocated CA type 2 UE
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	intraBandNonColocatedCA-r18
Indicates the UE supports TDD-TDD intra-band non-collocated CA operation with NR carrier aggregation MRTD according to Table 7.6.4-2 in 38.133 [5] and UE RF requirements for intra-band non-collocated CA in 7.10A in 38.101-1 (i.e. CA Type 2 UE). 
If the capability is not reported, the UE supports TDD-TDD intra-band CA operation with NR carrier aggregation MRTD according to Table 7.6.4-1 in 38.133 [5] and intra-band RF requirements except for 7.10A in 38.101-1 (i.e. CA Type 1 UE).
	BC
	No
	[N/A or TDD only]
	FR1 only



Proposal 1: It is proposed to agree the signaling description in table 2.1-1 for CA type 2 UE and send LS to RAN2.
4MIMO layer case
The following candidate UE types as well as the reference architecture considerations were agreed in [3]. It was also agreed to prioritize discussion for UE type 3a and 3b for 4MIMO layer case in Rel-18. Note that red part has been agreed to be deleted in RAN4#105.
	[bookmark: _Hlk116987019]UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation

	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 => 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 => FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	



In the last RAN4 meeting, the feasibility on type 3a/3b UE was extensively discussed but no consensus has been reached. The following issue are to be discussed further.< Issue 3-2-1: Whether to keep TAE/network synchronization requirement for Type 3a/3b >
· Option.1 Keep TAE 3us
· Option.2 MRTD [3]us
· Option.3 MRTD < CP
< Issue 3-2-2: Whether to discuss to cope with both 25dB power imbalance (including the relaxation<25dB) and MRTD>CP Length for Type 3a/3b >
Way Forward: 
· Continue to discuss the following both options in the next meeting.
· Option.1: Cope with 25dB (including the relaxation<25dB) and MRTD>CP. 
· Option.2: RTD should be within CP to enable type 3a/3b UE. And power imbalance should be reduced accordingly.
< Issue 3-2-3: With the assumption MRTD＞CP, discuss the RF requirement/performance for 25dB power imbalance (including the relaxation＜25dB) for type3a/3b based on companies’ input. >
Way Forward: No conclusion
< Issue 3-2-5: Whether to discuss the power imbalance along with the assumption MRTD＜CP. >
Way Forward: No conclusion




As discussed in [8], due to shared LNA between CC1 and CC2 for type 3a/3b UE, any gain change initiated by one CC will affect another CC in the middle of the symbol. It is important that the timing misalignment between 2CCs is limited within CP. This is also the design principle for implementations with shared components between multiple Rx chains. If the timing difference is larger than CP, the gain change due to one CC will impact the performance of another CC within the received symbol. In this case performance degradation is expected on the affected OFDM symbols.
Observation 1: Performance degradation on affected OFDM symbols is expected if time misalignment (MRTD) between 2CCs is exceeding CP.
Even allowing performance degradation, another problem is that it’s quite hard to exactly evaluate to what extent the performance will be impacted since AGC adjustment is highly implementation dependent and vary from company to company. The performance degradation may also vary largely due to different assumptions on gain/phase modeling [refer to the simulation results in the appendix]. While the REFSENS requirement definition and testing are based on an accurate throughput performance metric (95%) as specified in 38.101. If the performance degradation cannot be aligned between companies due to the AGC property, how we translate the performance into requirement in the spec?
Observation 2: Performance degradation for type 3a/3b is hard to be aligned between companies due to highly implementation dependent of AGC adjustment in each company. 
Observation 3: REFSENS requirement is defined and tested based on 95% throughput which is an accurate performance metric and needs alignment between companies.
Proposal 2: It is proposed that the time misalignment between non-collocated CCs is kept < CP for type 3a/3b to be enabled.
From network perspective, there is strong view to keep the TAE as 3us. We agree it seems hard to tighten the TAE requirement in the specification. And we are NOT proposing to change the requirement. While no one can deny either that MRTD = TAE + propagation delay difference. It’s not reasonable to require both TAE=3us and larger MRTD than CP since TAE has already eaten up all the MRTD time budget for this case. To make progress for this topic, we would like to propose the following as compromised package proposals:
1. Approve TAE=3us & MRTD<CP as package proposal or TAE=3us &MRTD=3us as package proposal
2. Specify UE RF requirement based on the approved package proposal.
3. Adding note in the REFSENS requirement for type 3a/3b UE, clarifying that the requirement is only applicable for MRTD<[CP/3us]
This way provides freedom and good compromise for operator, infra vendor and UE vendor. Operator can decide whether to schedule type 3a/3b UE based on the judgement of synchronization performance in their network. If the real deployment performance is good enough, operator can choose to schedule type 3a/3b UE. A further optimized solution is to introduce UE RTD reporting, e.g. the UE will report to the network its observed time difference from 2CCs. A UE could observe smaller time difference from 2 TRPs when it moves to some locations between the 2 TRPs. Then the network can choose to schedule type 3a/3b UE that has reported better RTD.
Proposal 3: It is proposed to consider approve the following:
· Approve TAE=3us & MRTD<CP as package proposal or TAE=3us &MRTD=3us as package proposal
· Specify UE RF requirement based on the approved package proposal.
· Adding note in the REFSENS requirement for type 3a/3b UE, clarifying that the requirement is only applicable for MRTD<[CP/3us]
Regarding power imbalance for type 3a/3b UE, the inter-site distance determines the power imbalance and additional time difference due to propagation. It is also preferred to reduce the inter-site distance as much as possible. According to the analysis in table 2.2-1, we think it would be better to limit the power imbalance as 15dB.
	Power imbalance (dB)
	Inter-site distance (m)
	Propagation time difference (us)

	6
	65
	0.22

	10
	99
	0.33

	15
	168
	0.56

	20
	283
	0.94

	25
	479
	1.6


Proposal 4: It is proposed to limit the power imbalance as 15dB for 4MIMO layer case.
Proposal 5: Discussion on REFSENS degradation and signaling support should start after type 3a/3b UE is confirmed.
Other aspects
MRTD and MTTD requirement is based on TAE requirement. While the current TAE requirement in 38.104 is different for intra-band contiguous CA (260ns) and inter-band non-contiguous CA (3us). Now both contiguous case and non-contiguous case are relevant for this topic. The question is what requirement will be used for non-collocated case? Does it mean the non-collocated case will use different requirements for contiguous case and non-contiguous case? 
Proposal 6: Further clarify whether different TAE requirement will be used for contiguous case and non-contiguous case for intra-band non-collocated CA.
Summary
This contribution presented our views on the open issue for intra-band non-collocated CA for 4MIMO layer case. The following observations and proposals are concluded.
Proposal 1: It is proposed to agree the signaling description in table 2.1-1 for CA type 2 UE and send LS to RAN2.
Observation 1: Performance degradation for type 3a/3b is hard to be aligned between companies due to highly implementation dependent of AGC adjustment in each company. 
Observation 2: REFSENS requirement is defined and tested based on 95% throughput which is an accurate performance metric and needs alignment between companies.
Proposal 2: It is proposed that the time misalignment between non-collocated CCs is kept < CP for type 3a/3b to be enabled.
Proposal 3: It is proposed to consider approve the following:
· Approve TAE=3us & MRTD<CP as package proposal or TAE=3us &MRTD=3us as package proposal
· Specify UE RF requirement based on the approved package proposal.
· Adding note in the REFSENS requirement for type 3a/3b UE, clarifying that the requirement is only applicable for MRTD<[CP/3us]
Proposal 4: It is proposed to limit the power imbalance as 15dB for 4MIMO layer case.
Proposal 5: Discussion on REFSENS degradation and signaling support should start after type 3a/3b UE is confirmed.
Proposal 6: Further clarify whether different TAE requirement will be used for contiguous case and non-contiguous case for intra-band non-collocated CA.
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Appendix 
Excessive MRTD can degrade both Sym0 and Sym13 depending on the LNA adjustment.
· If Sym0 is impacted, degradation is dependent on PDCCH configuration. Under typical configurations, there a possibility of missed grants.
· If Sym13 is impacted, degradation is can severely impact the instantaneous throughout as TB cannot be decoded.
· Assumption below is that LNA is adjusted in every TTI, as a baseline
· Back of the envelope calculations can provide average throughput degradation according to product design and operation.
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