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Introduction
This part includes contributions in agenda 9.11.1 and 9.11.2.
In RAN4 #104bis-e meeting, the WF for NonCol_intraB UE architecture and UE RF requirements was agreed in R4-2217734. Meanwhile, in RAN4 #105 meeting, the WF for them was also agreed in R4-2220537. 
Topic #1:  LS to RAN2
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2230245
	Apple
	To RAN2:
ACTION:  RAN4 respectfully requests RAN2 to include the above UE capability reporting for support of intra-band non-collocated CA.



Open issues summary
Sub-topic 1-1 : LS to RAN2
Sub-topic description:
R4-2300245 (Apple) propose to send LS to RAN2 on signalling support for intra-band non-collocated CA.
Open issues and candidate options before e-meeting:
Issue 1-1: LS to RAN2
· Proposals
· Send LS to RAN2 on signalling support for intra-band non-collocated CA. (Apple)
· Recommended WF
· Collect companies’ views

Topic #2:  Type-2 NR-CA UE for 2 layer MIMO case (non-collocated non-contiguous intra-band)
Companies’ contributions summary
	T-doc#
	Company
	Proposals / Observations

	R4-2300246
	Apple
	Proposal 1: It is proposed to define the power imbalance requirement as shown in Table 2.1.1-1 for intra-band non-collocated CA. 
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

	R4-2300247
	Apple, Samsung, KDDI, Huawei, ZTE
	[bookmark: OLE_LINK1]Draft CR for 38.101-1:
Title: UE RF requirements for supporting intra-band non-collocated CA for 2MIMO layer case
Reason for change:  RAN4#104bis-e had agreed with the descriptions for the ATG BS class. To complement the classes of the base station, the ATG BS class is proposed to be added.
Summary of change: ATG BS class is added for Base station classes. 



Open issues summary
Sub-topic 2-1 : RF requirements for Type 2 UE
Issue 2-1-1:  Whether to define the power imbalance requirement as shown in Table 2.1.1-1 for intra-band non-collocated CA.
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
· Option 1: Yes. Define the power imbalance requirement as shown in Table 2.1.1-1 for intra-band non-collocated CA.
· Option 2: No. FFS
· Recommended WF
· Collect companies’ views

Issue 2-1-2:  Whether to decide one of the following options.
· Proposal
· Option 1: Include both FDD-FDD and TDD-TDD in CA type 2 UE signalling
· Option 2: Only define the CA type 2 UE signalling for TDD-TDD case in Rel-18
· Recommended WF
· Collect companies’ views

Issue 2-1-3:  Whether to endorse Draft CR for 38.101-1 (R4-2230247)
· Proposal
· Option 1: Yes. Endorse the draft CR. (Apple, Samsung, KDDI, Huawei, ZTE)
· Option 2: No. FFS
· Recommended WF
· Collect companies’ views

Sub-topic 2-2 : RRM requirements
Sub-topic description:
R4-2301901 (Ericsson) propose to base WI on Type 2 UE and type 4, UE with large MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs, for large deployment flexibility and reuse of existing site infrastructure. Remove the colocation restriction in TS 38.133.
Open issues and candidate options before e-meeting:
Issue 2-2-1: MRTD/MTTD for Type 2 NR-CA
· Proposal
· Base WI on Type 2 UE and type 4, UE with large MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs, for large deployment flexibility and reuse of existing site infrastructure. Remove the colocation restriction in TS 38.133. (Ericsson)
· Recommended WF
· Collect companies’ views

Topic #3:  Type 3a/3b UE for 4 layer MIMO case (non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC) 
Companies’ contributions summary
	T-doc#
	Company
	Proposals / Observations

	R4-2300133
	KDDI,
LG Uplus
	Observation 1: If the UE architecture and related assumptions for Type 3a/3b are not agreeable, RAN4 can’t discuss RF and RRM requirements.
Observation 2: With assumption of shared LNA UE architecture, the gain change might happen during the useful symbol on the other CC distorting the received signal due to Large MRTD.
Observation 3: Large power imbalance and large MRTD might be discussed at the same time.
Observation 4: If tightening TAE<3us, existing almost operators will need to restructure their BSs.
Observation 5: MRTD>CP for Type 3a/3b of both EN-DC and NR-CA is realistic assumption from aspects of existing BSs deployment with TAE 3us.
Proposal 1: Clarify the assumption on MRTD, TAE and CP length for Type 3a/3b to conclude the UE architecture for Type 3a/3b.
Proposal 2: Check whether MRTD>CP Length for both EN-DC and NR-CA of Type 3a/3b is technically critical.
Proposal 3: Discuss whether we can cope with both MRTD>CP Length and 25dB power imbalance (including the relaxation<25dB).

	R4-2300246
	Apple
	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.

	R4-2300852
	Qualcomm Incorporated
	[bookmark: OLE_LINK25]Moderator note: It is for discussion, no proposals are included.
Observation 1: Handling of power imbalance and large MRTD(>CP) are the challenges in intra-band non-collocated deployments.
Observation 2: MRTD should be within the CP to enable 4Rx on each CC.
Observation 3: Performance degradation due to LNA signal distortion is difficult to characterize. RAN4 should not spend time on characterizing the performance degradation.
Observation 4: The requirements should be defined just for a single power imbalance value to simplify the discussions.
Observation 5: UE requirements for Type 3 UE can be defined with an MRTD equal to the CP (2.34us), it will be up to the network whether to use 4L or not. 
Observation 6: Same power imbalance of 25dB with a 1dB sensitivity degradation can be used for Type 3.

	R4-2301108
	Samsung
	Observation 1: It is more meaningful to define the power imbalance as 25dB which is derived based on the typical network deployment.
Observation 2: It is a pity that the legacy gNB (located as around 500m distance) cannot well support Type-3 UE (if the power imbalance is defines as ＜25dB)even after the SW is updated.
Observation 3: TAE is assumed as 3us in TS38.133, which is already larger than CP for SCS=30 or 60 KHz
Observation 4: MRTD＞CP is the more practical assumption for Type-3 UE. 
Observation 5: With the assumption MRTD＞CP, the gain mode switch due to the late CC may happen during the useful received symbol on the other CC, while we think that more Rx requirement relaxation can compensate the signal distortion if it could be assessed (i.e., 25dB power imbalance with 1+[FFS] dB blocking requirement) 
Proposal 1: Check whether Rx requirement relaxation under 25dB power imbalance could be assessed for Type-3 UE, to compensate the signal distortion under the assumption MRTD＞CP.

	R4-2301236
	ZTE
	Observation 1. If 30kHz SCS is taken into consideration, the duration of CP is smaller than the TAE between cells. 
Proposal 1. 3us NW synchronization error should be kept.
Proposal 2. To introduce UE capability that indicates whether the UE support both type 3a and type 3b.

	R4-2301576
	vivo
	Observation 1: Under 25 dB power imbalance, only the CP length of 15kHz can be larger than the timing difference.
Proposal 1：Discuss whether it is feasible to restrict the SCS = 15 kHz for Type 3 UE in 4-layer MIMO operation.
Proposal 2: If the requirement has to be defined based on timing difference is larger than CP length, re-evaluate the feasibility of Type 3 UE based on the UE performance degradation level.

	R4-2301711
	MediaTek Inc.
	Proposal 1: For type 3a/3b, the intra-band CA MRTD requirement applies (Max. 3us) as baseline
Proposal 2: If wanted level keeps unchanged (REFSENS+1), max imbalance level 15~18dB applies. 25dB imbalanced level is not feasible for the wanted level=REFSENS+1 for type 3 UE.
Proposal 3: For option 2, X=6. The wanted level is proposed to REFSENS+7 for 25dB DL carrier imbalance

	R4-2301901
	Ericsson
	Observation 1: The CP is mainly intended to cover RF channel delay spread.
Observation 2: A cell with a 500 meters cell radius will have a maximum delay of 3.3 µs (1000 m). In TS 38.133 we have delay profiles for NR channel models up to 2.6 µs.
Observation 3: MRTD = CP does not suffice to handle even the RF channel delay spread, in the largest cells and leaves no room for ∆_(RF Propagation), which is important for BS deployment separation and flexibility, as well as UE mobility.
Observation 4: The existing requirements for intra-band non-contiguous CA TAE = 3 µs and Cell Phase sync = 3 µs, for TDD.
Observation 5: To keep TAE = 3 µs is important for site transmission reuse. To keep and Cell Phase sync = 3 µs is important for the TDD holdover time. A large fraction of Cell Phase Sync is holdover time.
Observation 6: A type 3 UE will lead to limited deployment flexibility for the operators, i.e. small MRTD.
Observation 7: A type 3 UE will lead to stricter BS time sync requirements in operator synchronization network which will limit site reuse.
Observation 8: A type 2 UE does not suffer from limited power imbalance or frequency range.
Observation 9: A type 2 UE is compatible with existing TAE for non contiguous intra band.
Observation 10: The agreed MRTD/MTTD values for Type 2 UE give large room for ∆_(RF Propagation).
Observation 11: A type 2 UE is compatible with large MRTD agreed in WF MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs
Proposal 1: Base WI on Type 2 UE and type 4, UE with large MRTD = 33 µs and MTTD = 33 and MTTD = 34.6 µs, for large deployment flexibility and reuse of existing site infrastructure. Remove the colocation restriction in TS 38.133.
Proposal 2: If type 3 UE with shared LNA are added then power imbalance should be = 25 dB and MRTD > CP to allow deployment flexibility and reuse of existing site infrastructure.
Observation 12: Then we need to find remedies to the limited RTD capability of Type 3 UE. Those remedies could be all or some of: 
	UE switch LNA during TDD GP.
	Schedule on one CC as long as possible.
	BS schedule fewer symbols in slot (13/14). This gives CP+1 symbol as extended CP. Can be done for PDSCH, but PDCCH and Broadcast have more constraints, but can be possible (My ref Christian Skärby). 
	Also SCS = 60 kHz has extended CP with 12 symbol slot, already in standard, ECP = 4.17 µs @ SCS = 60 kHz, with UE optional UE support up to an including release 17.

	R4-2302494
	Huawei
	Proposal 1: TAE shall NOT be reduced from 3us due to major network impact, as well as impacting other bands which are out of scope of this WI.
Observation 1: 25dB power imbalance does not always mean a performance degradation due to having MRTD larger than CP duration. In an NLOS scenario, no degradation happens.
Proposal 2:  Our simulations showed that 25dB power imbalance can be supported with NO performance loss on 15KHz SCS and a performance loss of 2.7 dB and 2.9 dB for PDSCH and PDCCH, respectively, in 30 KHz SCS. These loss can be easily compensated by the diversity antenna which gives us a 3dB.



Open issues summary
Sub-topic 3-1 : UE RF architecture and NW assumption for Type 3a/3b
Sub-topic description:
RAN4#105 WF in R4-2220537   < Issue 3-1-4: Possible UE RF architecture on Type 3a/3b and 4a/4b>
Way Forward: 
· Continue further discussions on Type 3a/3b and 4a/4b based on the following table, and also conclude them in the next meeting.
Based on the above WF, moderator proposes to agree possible UE RF architecture on Type 3a/3b in order to make progress further discussions on power imbalance, MRTD/TAE etc.
Open issues and candidate options before e-meeting:
Issue 3-1-1: Possible UE RF architecture for Type 3a/3b
· Proposal
· Agree to assume the following table of UE RF architecture for Type 3a/3b to make progress further discussions on power imbalance, MRTD/TAE etc. (Moderator)
	[bookmark: _Hlk116987019]UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	NRCA
ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture) based on non-simultaneous TX/Rx

	
	2
	
	
	
	4Rx
	
	
	

	2
	1
	2
	4
total
	2
	2
	2Rx
	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
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after 2 LNAs out of 4 => common AGC on LNA => 25dB partial range

	
	2
	
	2
	2
	2Rx
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	NRCA
ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding 2LO/BB/Rx and RF split after all 4 LNAs => common AGC on LNA => 25dB partial range

	
	2
	
	4
	4
	4Rx
	
	
	

	4a
	1
	4
	6
total
	4
	4
	4Rx
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	NRCA
ENDC
	25dB
full range
	Requires 8 antennas and LNA => FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	



· Recommended WF
· Conclude this in this meeting based on RAN4#105 WF in R4-2220537.

Sub-topic 3-2 : RF requirements for Type 3a/3b UE
RAN4#105 WF in R4-2220537  < 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.
Sub-topic description:
R4-2300133 (KDDI) propose to clarify the assumption on MRTD, TAE and CP length for Type 3a/3b. And also, R4-2301234 (ZTE) and R4-2302494(Huawei) proposed to keep TAE=3us.
Open issues and candidate options before e-meeting:
Issue 3-2-1: Whether to keep TAE/network synchronization requirement for Type 3a/3b
· Proposal
· Option 1: Yes. TAE=3us. (Huawei, KDDI, LG Uplus, ZTE)
· Option 2: No
· Recommended WF
· Collect companies’ views

Sub-topic description:
In case of Option 1 about Issue 3-2-1, which is equivalent to MRTD(=TAE+propogation time difference) ＞ CP for SCS 30 KHz, R4-2300133 (KDDI), R4-2301108 (Samsung) and R4-2301901(Ericsson) propose to discuss to cope with both 25dB power imbalance (including the relaxation<25dB) and MRTD>CP Length.
Open issues and candidate options before e-meeting:
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.
· Proposals
· Option.1: Yes. Discuss to cope with 25dB (including the relaxation<25dB) and MRTD>CP. (Ericsson, KDDI, LG Uplus, Samsung)
· Option.2: No. RTD should be within CP to enable type 3a/3b UE. And power imbalance should be reduced accordingly.
· Recommended WF
· Collect companies’ views

Sub-topic description:
R4-2301576 (vivo) propose that If the requirement has to be defined based on timing difference is larger than CP length, re-evaluate the feasibility of Type 3 UE based on the UE performance degradation level. R4-2302494 (Huawei) actually show their simulations that 25dB power imbalance can be supported with no performance loss on 15KHz SCS and a performance loss of 2.7 dB and 2.9 dB for PDSCH and PDCCH, respectively, in 30 KHz SCS. These loss can be easily compensated by the diversity antenna which gives us a 3dB. R4-2301711(MediaTek) propose that 4Rx REFSENS relaxation by 7dB for 25dB DL carrier imbalance. 
If for Issue 3-2-2, companies agree to discuss to cope with 25dB power imbalance(including the relaxation ＜25dB) and MRTD＞CP for Type-3a/3b, then further discuss Issue 3-2-3.
Open issues and candidate options before e-meeting:
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.
· Proposals
· Option.1:  The wanted level is proposed to REFSENS+7 for 25dB DL carrier. (MediaTek)
· Option.2: 25dB power imbalance can be supported with no performance loss on 15kHz SCS and a performance loss of 2.7 dB and 2.9 dB for PDSCH and PDCCH, respectively, in 30kHz SCS. (Huawei).
· Option.3: FFS
· ex)REFSENS degradation discussion should be after feasibility of Type 3a/3b is concluded.
· Recommended WF
· Collect companies’ views

Sub-topic description:
R4-2301576 (vivo) propose to discuss whether it is feasible to restrict the NR SCS=15kHz.
Open issues and candidate options before e-meeting:
Issue 3-2-4: Whether it is feasible to restrict the n77/n78 SCS=15kHz for Type 3a/3b
· Proposals
· Option.1: Yes. NR SCS=15kHz. (vivo)
· Option.2: No
· Recommended WF
· Collect companies’ views

Sub-topic description:
R4-2300246 (Apple) propose to limit the power imbalance below 15dB for 4MIMO layer case along with MRTD＜CP. Meanwhile, R4-2301711 (MediaTek) propose that if wanted level keeps unchanged (REFSENS+1), max imbalance level 15~18dB applies. From moderator’s understanding, these proposals included in Issue 3-2-5 are also relevant to the outcome of Issue 3-2-1 and Issue 3-2-4.
Open issues and candidate options before e-meeting:
Issue 3-2-5: Whether to discuss the power imbalance along with the assumption MRTD＜CP.
· Proposals
· Option.1: Yes, and power imbalance below 15dB. (Apple)
· Option.2: Yes, and if wanted level keeps unchanged (REFSENS+1), max imbalance level 15~18dB applies. 25dB imbalanced level is not feasible for the wanted level=REFSENS+1 for type 3 UE. (MediaTek)
· Option.3: Yes, and under 25dB power imbalance
· Option.4: No
· Recommended WF
· Collect companies’ views

Sub-topic 3-3 : RRM requirements for Type 3a/3b UE
Sub-topic description:
R4-2301711 (MediaTek) propose that the intra-band CA MRTD requirement applies (Max. 3us) as baseline
Open issues and candidate options before e-meeting:
Issue 3-3-1: Whether the intra-band CA MRTD requirement applies (Max. 3us) as baseline on Type 3a/3b UE
· Proposals
· Option 1: Yes. (MediaTek)
· Option 2: No.
· Recommended WF
· Collect companies’ views

Sub-topic 3-4 : UE Signalling for Type 3a/3b UE
Sub-topic description:
R4-2301236 (ZTE) propose to introduce UE capability that indicates whether the UE support both type 3a and 3b.
Open issues and candidate options before e-meeting:
Issue 3-4-1: Whether to discuss UE Capability Signalling on Type 3a/3b UE in this meeting
· Proposals
· Option 1: Yes. Begin the discussion in this meeting. (ZTE)
· Option 2: No. Discuss in future meeting after finalizing RF requirements discussion.
· Recommended WF
· Collect companies’ views

Topic #4:  Type 4a/4b UE for 4 layer MIMO case (non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC) 
Companies’ contributions summary
	T-doc#
	Company
	Proposals / Observations

	R4-2300426
	Nokia
	Proposal 1: RAN4 will also develop requirements for UE type 4a/4b.
Proposal 2: UE type 4a/4b power imbalance requirements are same as UE type 2 i.e. 25 dB over full dynamic range.
Proposal 3: WI is not considered to be completed before the requirements for UE type 4a/4b are finalized.

	R4-2301108
	Samsung
	Proposal 2: Discuss Type-4 UE after finalizing Rel-18 FWA 8Rx objective which is proceeding in FR1 enhancement WI.



Open issues summary
Sub-topic 4-1 : RF requirements on Type 4a/4b UE
Sub-topic description:
R4-2230426 (Nokia) propose to develop requirements for both Type 3a/3b and 4a/4b UE at the same time, and also 25dB power imbalance requirement can be reused for 4a/4b. Meanwhile, R4-2231108 (Samsung) propose to discuss Type-4 UE after finalizing Rel-18 FWA 8Rx objective which is proceeding in FR1 enhancement WI.
Open issues and candidate options before e-meeting:
Issue 4-1-1: When to develop requirements for Type 4a/4b UE
· Proposals
· Option.1: Develop requirements for Type 4a/4b in this meeting. (Nokia)
· Option.2: Continue to prioritize Type 3a/3b and develop Type 4a/4b in future meeting. (Samsung)
· Recommended WF
· Collect companies’ views

