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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
This contribution will discuss 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.







Since all the RF technical aspects for 2MIMO layer case have been completed and the UE RF and MRTF/MTTD requirements for type 2 UE will be introduced into specs [5, 6]. It is good time to initiate the discussion on UE capability signaling. A separate UE capability for intra-band non-contiguous CA type 2 UE is suggested as following. The point to be discussed is whether we should also include FDD-FDD case since there is no FDD-FDD band combination discussed. In Rel-16 the EN-DC type 2 UE signaling included both FDD-FDD and TDD-TDD without discussion on TDD-TDD example band. While some problem is identified in [7] for TDD now.
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 [FDD-FDD or] TDD-TDD inter-band non-collocated CA operation with an 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 (i.e CA Type 2 UE). 
If the capability is not reported, the UE supports [FDD-FDD or] TDD-TDD inter-band CA operation with NR carrier aggregation MRTD according to Table 7.6.4-1 in 38.133 [5] and intra-band RF requirements (i.e. CA Type 1 UE).
	BC
	No
	[N/A or TDD only]
	FR1 only



Proposal 1: It is proposed to use the signaling description in table 2.1-1 as baseline for CA type 2 UE.
Proposal 2: It is proposed RAN4 to discuss and decide one of the following options
Option 1: Include both FDD-FDD and TDD-TDD in CA type 2 UE signaling
Option 2: Only define the CA type 2 UE signaling for TDD-TDD case in Rel-18
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.
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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 => 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
	
	
	
	



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 3-1-5: Whether there is a room to tighten the network synchronization requirement below 3us?>
Majority view is that there is no room to tighten the sync requirement of network and Type 3a/3b UE can operate only within 3us.
Way Forward: 
· Continue further discussions on the network synchronization requirement in the next meeting.
< Issue 3-2-1: RF requirements on Type 3a/3b UE>
Some companies support Option 1(Power Imbalance 25dB), and then other companies support Option 2(4RX REFSENS relaxation by [1 + [FFS]] dB for 25dB DL carrier imbalance) and Option 3(MRTD 3us and Power Imbalance 15dB).
Way Forward: 
· Continue further discussions on RF requirements on Type 3a/3b UE in the next meeting.

As discussed in [8], due to shared LBA between CC1 and CC2 for type 3a/b UE, any gain change initiated by one CC will affect another CC in the middle of the symbol. Then it is especially important that the timing misalignment between 2CCs is limited within CP. 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. It’s quite hard to evaluate to what extent the performance will be impacted since AGC adjustment is highly implementation dependent. The performance degradation can vary largely due to different assumptions on gain/phase modeling according to our internal evaluations.
Proposal 3: It is proposed that the time misalignment between non-collocated CCs is kept within CP for type 3a/3b to be enabled.
For the band combination in 3.5GHz, 30kHz will be the main interest, which means the CP length is about ~2.35us. There is no remaining time budget to accommodate the receiving time difference due to propagation time difference. If operator want to enable type 3a/3b UE for this scenario, it is preferred to check whether their deployment can ensure time misalignment within CP. The intention is NOT proposing to tighten the generic requirement of 3us cell phase synchronization requirement in the specification. But we would like to discuss whether there is chance to have it done in real deployment for this specific scenario, e.g. in the order of 1.5~2us. 
From another angle, 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 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 below 15dB for 4MIMO layer case.
If proposal 3 and proposal 4 can be ensured simultaneously, we think type 3a/3b UE is feasible for this deployment scenario. 
Another potential solution is to introduce UE RTD (received time difference) reporting, type 3a/3b UE can only be scheduled when the RTD between the carriers to be aggregated is within CP. 
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? 
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 use the signaling description in table 2.1-1 as baseline for CA type 2 UE.
Proposal 2: It is proposed RAN4 to discuss and decide one of the following options
Option 1: Include both FDD-FDD and TDD-TDD in CA type 2 UE signaling
Option 2: Only define the CA type 2 UE signaling for TDD-TDD case in Rel-18 
Proposal 3: It is proposed that the time misalignment between non-collocated CCs is kept within CP for type 3a/3b to be enabled.
Proposal 4: It is proposed to limit the power imbalance below 15dB for 4MIMO layer case.
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