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1. Introduction
In RAN#103, a new WID on Non-collocated deployment is approved [1] which focus on specifying UE RF/RRM requirements for Type-4a/b UE capability and clarifying the UE behaviour for Type-4a/b supported UE.
Some discussion were organized in RAN4#110bis and the agreements were captured in [6].
Note that Type-1/2/3/4 in Rel-18 discussion are intended for different UE capabilities, rather than UE type.
(70% content of this paper is same as the one submitted in last meeting, as the key requirements Power imbalance and REFSENS relaxation were not concluded in last meeting)
2. Background
Standardization on non-collocated deployment is motivated by the fact the spectrum on C band in Japan/Korea was allocated at different time, hence the legacy BS usually only supports part of the C-band spectrum. There are two choices when it comes to the new BS, either developed based on the whole C-band spectrum holding of an operator or based on the spectrum allocated later to the operator, the latter makes it non-collocated deployment along with a legacy BS to support non-collocated NR-CA or EN-DC.
Rel-15 Inter-band EN-DC with overlapping DL bands
The discussion on the necessity of non-collocated inter-band EN-DC with overlapping DL bands deployment can date back to Rel-15, during which operators proposed the possible non-collocated scenario, while due to time limitation RAN4 concluded the simple assumption, i.e., “only co-located deployment” is allowed. It should be noted that due to different band numbering system, DC_42_n77 is inter-band EN-DC with overlapping DL bands but essentially equivalent to intra-band EN-DC. Accordingly, the following restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for inter-band EN-DC with overlapping DL bands: (1) MRTD ＜3us; (2) Power imbalance between downlink carriers is no larger than 6dB. 

Rel-15 Intra-band NR-CA
Similarly for intra-band NR-CA, only co-located deployment is assumed, and the restriction is provided in Rel-15 RAN4 requirement, which forbid non-collocated deployment for intra-band NR-CA, i.e., MRTD＜3us.

Rel-16/17 Inter-band EN-DC with overlapping DL bands for Non-collocated Deployment
In Rel-16/17, the requirement on Type-2 UE (i.e., UE supporting interBandMRDC-WithOverlapDL-Bands-r16, which indicates 2 layer/2 Rx Chain per CC supported for non-collocated EN-DC) has been specified in terms of RF and RRM requirements. Specifically, 25dB power imbalance and 1dB REFSENS relaxation for Type-2 UE in-band blocking requirements of inter-band EN-DC with overlapping DL bands have been specified in [2] in RAN4#102e meeting. 

Rel-18 Inter-band EN-DC with overlapping DL bands for Non-collocated Deployment
Though the RF/RRM requirements have already been specified for Type-2 Inter-band EN-DC with overlapping DL bands from Rel-16, one issue was identified during the Rel-18 discussion for Type-2 intra-band NR-CA, which is deemed as a common issue for both Type-2 EN-DC and Type-2 NR-CA, i.e., NW may not be able to control UE to work under Type-1 mode or Type-2 mode, especially when maxMIMO-Layers is less than 2
Consequently, a new NW control signaling (nonCollocatedTypeMRDC) and a new UE indication capability (requirementTypeIndication-r18) are introduced in RAN2 [3][4][5] to allow NW configure UE work under Type-1 mode or Type-2 mode for Rel-18 and onwards(excerpted as below). Note that Type-2 is deemed as the default mode if UE indicate the support of Type-2, which is to align with previous releases. 
In addition, the Rel-18 discussion focus on 2CC non-contiguous EN-DC such as DC_42A_77A. 
(TS 38.331) 
Note that there is an error in TS38.331 (yellow marked), should be “intra-band”.
	nonCollocatedTypeMRDC
This field is only present for a UE configured with maxMIMO-Layers with value less than or equal to 2 for all corresponding serving cells, in case of TDD-TDD inter-band (NG) EN-DC with overlapping or partially overlapping bands. If this field is present, the UE applies (NG)EN-DC MTTD/MRTD according to clause 7.5.3/7.6.3 in TS 38.133 [14] and inter-band RF requirements. If this field is absent, the UE applies (NG)EN-DC MTTD/MRTD according to clause 7.5.2/7.6.2 in TS 38.133 [14] and inter-band RF requirements.


(TS 38.306) 
Note that this requirementTypeIndication-r18 is only applicable to EN-DC case but not NR-CA, and to our understanding “requirementTypeIndication-r18+ interBandMRDC-WithOverlapDL-Bands-r16= interBandMRDC-WithOverlapDL-Bands-r18”. Further, This IE is basically to inform NW “I am a Rel-18 UE and I can understand nonCollocatedTypeMRDC” thus NW can configure this UE.
	requirementTypeIndication-r18
Indicates whether the UE supports network control of requirement applicability for UE supporting interBandMRDC-WithOverlapDL-Bands-r16. This field is only applicable to the UE indicating interBandMRDC-WithOverlapDL-Bands-r16.
The UE supports this feature shall also indicate support of interBandMRDC-WithOverlapDL-Bands-r16.
	UE
	No
	No
	FR1 only



Rel-18 Intra-band NR-CA for Non-collocated Deployment
Similarly as the discussion of non-collocated inter-band EN-DC with overlapping DL bands, 25dB power imbalance and 1dB REFSENS relaxation is defined, while a new UE capability(intraBandNR-CA-non-collocated-r18) and a new NW control signalling(nonCollocatedTypeNR-CA) are introduced[3][4][5] for Rel-18 and onwards to enable non-collocated intra-band NR-CA assuming 2 MIMO layer/2 Rx Chain per CC. In addition, the Rel-18 discussion focus on 2CC non-contiguous NR-CA such as n77(2A)/n78(2A). 
(TS 38.331)
	nonCollocatedTypeNR-CA
This field is only present for a UE configured with maxMIMO-Layers with value less than or equal to 2 for all corresponding serving cells, in case of TDD-TDD intra-band NR-CA. If this field is present, the UE applies MRTD according to Table 7.6.4-1 in TS 38.133 [14] and UE RF requirements for intra-band NR-CA except for 7.10A in TS 38.101-1 [15]. If this field is absent, the UE applies MTTD/MRTD requirements according to Table 7.5.4-1/Table 7.6.4-2 in TS 38.133 [14] and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in TS 38.101-1 [15].


(TS 38.306)
	intraBandNR-CA-non-collocated-r18
Indicates whether the UE supports TDD-TDD intra-band non-collocated NR-CA operation with MTTD/MRTD requirements according to Table 7.5.4.1/Table 7.6.4-2 in 38.133 [5] and UE RF requirements for intra-band non-collocated NR-CA including 7.10A in 38.101-1 [2]. And the UE also supports TDD-TDD intra-band NR-CA operation with MRTD according to Table 7.6.4-1 in 38.133 and UE RF requirements for intra-band NR-CA except for 7.10A in 38.101-1 [2].
This capability is only supported for band n77/n78.
	BC
	No
	N/A
	FR1 only



3. Discussion
As directed by the WID and RAN-P summary, RAN4 shall focus on Type-4a/b capability for FWA assuming up to 4 DL MIMO layer/4Rx Chain per CC(6Rx Chain in total for Type-4a and 8Rx Chain in total for Type-4b)as first step, and further check the feasibility of Type-3 in 2024 Dec RAN-P. Possible UE RF architectures for Type-3 and Type-4b are illustrated in Figure 1, the working assumption is reproduced in Figure 2 which is excepted from rapporteur company KDDI’s material.


Figure 1: Possible UE RF architecture for Type-3 and Type-4b UE
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Figure 2: Working assumption for Type-3a/b and Type-4a/b UE
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Given Rx Chain is scaled up from 4Rx (Type-2) to 6Rx (Type-4a) or 8Rx (Type-4b) and each CC is still processing by separate Chain, it should be feasible and it is preferable to reuse Type-2 requirements and mechanism.
In last meeting, R4-2404258 share the viewpoint that new UE capability is unnecessary for Type-4 but to utilize “intraBandNR-CA-non-collocated-r18 + maxNumberMIMO-LayersPDSCH=4” for intra-band NR-CA and “interBandMRDC-WithOverlapDL-Bands-r16 + maxNumberMIMO-LayersPDSCH=4” for EN-DC. In our view this approach is problematic, as maxNumberMIMO-LayersPDSCH is a static IE and shared by collocated scenario and non-collocated scenario, thus as long as the connection remains maxNumberMIMO-LayersPDSCH would not be reported twice. For instance, in case Pcell and Scell are both connected to gNB1(collocated) with maxNumberMIMO-LayersPDSCH=4 reported for each cell, then Scell de-configured from gNB1 and connected to gNB2 while Pcell remains to gNB1(non-collocated), maxNumberMIMO-LayersPDSCH would not be reported again so 4 stays for each cell. Thus, a UE supports Type-2 but not Type-4 can also have maxNumberMIMO-LayersPDSCH as 4 in non-collocated scenario.
Proposal 1: Same methodology and RF requirements for Type-2 EN-DC/NR-CA could be reused to Type-4a/b EN-DC/NR-CA.
1) Define in-band blocking requirements (25dB power imbalance, 1dB REFSENS relaxation)
2) New UE capability(s) needed for Type-4a/b EN-DC/NR-CA support indication; New NW control signaling(s) needed to allow NW configure UE work under Type-4 mode or Type-1 mode(collocated), if absent, Type-4 requirements apply. Details up to RAN2. 

Further, in case Type-4 capability reuse the requirements of Type-2 capability, there should be no difficulty for a Type-4 supported FWA to satisfy Type-2 requirements but whether to make Type-2 as support by default when Type-4 is indicated could be FFS (Please note that “support by default” here does not intend for “If NW signalling is absent, Type-2 requirements apply”, here is another discussion between Type-4 and Type-2). At least in our understanding, there is possibility that NW want to configure a FWA working under Type-2 mode via signaling even UE only indicates the support of Type-4 capability. Therefore, it is better to assume Type-2 as support by default regardless of whether UE explicitly indicates Type-2 or not, if UE indicates the support of Type-4. 
Please also Note that it points to Type-2 when “nonCollocatedTypeMRDC” or “nonCollocatedTypeNR-CA” is “absent”, rather than when they are “present”, as a result these two existing NW IE may cannot be utilized for NW to instruct a Type-4 capable FWA work under Type-2 mode, while the new NW control signaling design can be compatible with this, overall the detailed signaling design should be left for RAN2. 
To illustrate above ideas, we provide an example here for the new BS signaling. 
- If absent, Type-4 requirements apply→ Default type (Similar discussion as in Rel-18)
- If indicate as "0", Type-2 requirements apply
- If indicate as "1", Type-1 requirements apply, collocated
Note that if UE indicates both Type-4 and Type-2 (though not necessary, but not precluded), new BS signalling should be utilized to instruct UE, existing BS signalling (“nonCollocatedTypeMRDC” or “nonCollocatedTypeNR-CA”) should be neglected. 
Proposal 2: In case Type-4 reuse same requirements of Type-2, we further propose:
If Type-4 capability is indicated, Type-2 capability shall be deemed as support by default regardless of whether UE indicates Type-2 capability or not, in this case NW can control this UE via signaling to work under Type-2 mode. 
· Detailed signaling design left to RAN2.
Observation 1: Note that if UE indicates both Type-4 and Type-2 (though not necessary, but not precluded), new BS signaling should be utilized to instruct UE, existing BS signaling (“nonCollocatedTypeMRDC” or “nonCollocatedTypeNR-CA”) should be discarded.
Further, from certification perspective, we think as long as UE indicates Type-4, Type-2 requirements are not necessarily to be verified regardless of whether UE indicates Type-2 or not, given Type-4 verification can well cover Type-2 requirements (if Type-4 reuse Type-2 requirements).
Proposal 3: If proposal 1/2 can be agreed, we further propose:
If UE indicates the support of Type-4 capability, Type-4 requirements shall be verified, Type-2 requirements are not necessarily to be verified.

Proposal 4: On association with RAN2, there are two alternatives can be considered. 
-Alt1: Do not inform RAN2 the demand on new UE capability(s) and new NW signaling(s) until there is a clear conclusion of Type-3 capability, in order to facilitate RAN2 design with all UE capability(s)/NW signaling(s) considered as a package.
-Alt 2: Inform RAN2 the demand on new UE capability(s) and new NW signaling(s) for Type-4, meanwhile remind RAN2 that there is a checkpoint for Type-3 in Dec RAN-P. Whether to hold on the work is up to RAN2.

In last meeting, [8] invite operators share whether there is demand on multiple CCs for Type-4 capability, and the WF as baseline for further checking is as follows.
[image: ]
Proposal 5: If there is demand from operators to introduce Type-4 capability for multiple CC cases, same handling as Rel-18 leftover issues (captured in [7], for EN-DC) can be adopted, i.e.,
“NOTE X: For Inter-band EN-DC configurations with multiple contiguous E-UTRA CCs in one band, REFSENS in this table equals to 5MHz REFSENS+10*log(aggregated BW(MHz)/5) of all the contiguous E-UTRA CCs of the wanted band. BWwanted and BWanother represent the aggregated BWs of all the CCs of the wanted and another wanted band, respectively. The maximum power spectral density imbalance between the contiguous E-UTRA CCs in one band, is within 6 dB.”
3. Conclusion
Proposal 1: Same methodology and RF requirements for Type-2 EN-DC/NR-CA could be reused to Type-4a/b EN-DC/NR-CA.
1) Define in-band blocking requirements (25dB power imbalance, 1dB REFSENS relaxation)
2) New UE capability(s) needed for Type-4a/b EN-DC/NR-CA support indication; New NW control signaling(s) needed to allow NW configure UE work under Type-4 mode or Type-1 mode(collocated), if absent, Type-4 requirements apply. Details up to RAN2. 

Proposal 2: In case Type-4 reuse same requirements of Type-2, we further propose:
If Type-4 capability is indicated, Type-2 capability shall be deemed as support by default regardless of whether UE indicates Type-2 capability or not, in this case NW can control this UE via signaling to work under Type-2 mode. 
· Detailed signaling design left to RAN2.
Observation 1: Note that if UE indicates both Type-4 and Type-2 (though not necessary, but not precluded), new BS signaling should be utilized to instruct UE, existing BS signaling (“nonCollocatedTypeMRDC” or “nonCollocatedTypeNR-CA”) should be discarded.

Proposal 3: If proposal 1/2 can be agreed, we further propose:
If UE indicates the support of Type-4 capability, Type-4 requirements shall be verified, Type-2 requirements are not necessarily to be verified.

Proposal 4: On association with RAN2, there are two alternatives can be considered. 
-Alt1: Do not inform RAN2 the demand on new UE capability(s) and new NW signaling(s) until there is a clear conclusion of Type-3 capability, in order to facilitate RAN2 design with all UE capability(s)/NW signaling(s) considered as a package.
-Alt 2: Inform RAN2 the demand on new UE capability(s) and new NW signaling(s) for Type-4, meanwhile remind RAN2 that there is a checkpoint for Type-3 in Dec RAN-P. Whether to hold on the work is up to RAN2.

Proposal 5: If there is demand from operators to introduce Type-4 capability for multiple CC cases, same handling as Rel-18 leftover issues (captured in [7], for EN-DC) can be adopted, i.e.,
“NOTE X: For Inter-band EN-DC configurations with multiple contiguous E-UTRA CCs in one band, REFSENS in this table equals to 5MHz REFSENS+10*log(aggregated BW(MHz)/5) of all the contiguous E-UTRA CCs of the wanted band. BWwanted and BWanother represent the aggregated BWs of all the CCs of the wanted and another wanted band, respectively. The maximum power spectral density imbalance between the contiguous E-UTRA CCs in one band, is within 6 dB.”
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UE Type Ccc# Antenna / LNA Mixer Analog BB | #Rx HW PSD imbalance UE Device

1 1 4 4 4 4Rx 6dB

2 shared shared shared 4Rx 0.9x full range Handheld
2 1 2 4 2 2 2Rx 25dB

2 2 total 2 2 2Rx Ix full range Handheld
3a 1 4 4 4 4Rx [xx]dB

2 shared 2 2 2Rx 1.2x partial range Handheld
3b 1 4 4 4 4Rx [xx]dB

2 shared 4 4 4Rx 1.4x partial range Handheld
4a 1 4 6 4 4 4Rx [25]dB

2 2 total 2 2 2Rx 1.5x full range FWA
4b 1 4 8 4 4 4Rx [25]dB

2 4 total 4 4 4Rx 2x full range FWA
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<Issue 2-2-5: The number of CCs >«

‘Way Forward: -
W Consider the conclusion of Type 2 discussion in RAN4#110bis.
B Continue further discussion with the following baselines in the next meeting.
B Non-collocated EN-DC-
B B42: multiple contiguous CCs up to four, collocated.
W n77/n78: one CC-
®  Non-collocated NR-CA}
B n77/n78: Non-contiguous two CCs, non-collocated.

B If needed, check operators’ preference before the next May meeting..
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