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Introduction
For intra-band non-collocated EN-DC/NR-CA, RAN4 has achieved agreements on MRTD/MTTD requirements, interruption requirements and scheduling restriction requirements for Type 2 UE. The progress in last RAN4 meeting were captured in WF [1]. In this contribution, we will provide the further discussion on the other RRM impacts for intra-band non-collocated EN-DC/NR-CA.
Discussion
[bookmark: _Hlk125984896]For supporting intra-band NR-CA in non-collocated deployment, the UE capabilities were separately discussed for 2-layer MIMO and 4-layer MIMO cases. 
Two-layer MIMO case
For 2-layer MIMO case, Type 2 UE is assumed and the following issues have been captured in WF [1].
	Issue 1-3-1: Impacts on SCell activation requirements
· Proposals
· Option 1: 
· For a known FR1 intra-band non-collocated SCell, the existing activation delay requirement can be re-used
· RAN4 shall revise the unknown SCell activation delay for activating an FR1 intra-band non-collocated SCell. For an unknown FR1 intra-band non-collocated SCell, provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is
· 6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,.
· 3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.
· For a non-collocated SCell without SSB, the exiting delay requirement is not applicable
· Option 2:
· The existing SCell activation delay for intra-band contiguous scenario needs to be clarified with co-location assumption
· RAN4 shall define the SCell activation delay for activating an FR1 intra-band non-collocated SCell. The SCell activation delay requirement for inter-band CA can be applied to intra-band non-colocated SCell for Type 2 UE
· Option 3: 
· RAN4 may consider that whether for intra-band non-contiguous non-collocated EN-DC/NR-CA scenario case can be included as inter-band.
· Option 4: 
· The existing SCell activation delay requirements in FR1 can also be applied for FR1 intra-band non-contiguous CA supporting non-collocated deployment for Type 2 UE.

Issue 1-5-1: Impacts on SCell BFD requirements
· Proposals
· Option 1: 
· RAN4 need to expand the discussion on SCell BFD not only to this WI, such as WI for RRM enhancement. Since the current SCell BFD requirements do not apply for non-collocated non-contiguous EN-DC/NR-CA but also FR2/FR2 inter-band CA case.
· Option 2: 
· FFS


The existing SCell activation delay requirements in FR1 are defined as follows:
	Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot  , where:
	THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
	Tactivation_time is the SCell activation delay in millisecond. 
	If the SCell is known and belongs to FR1, Tactivation_time is:
-	TFirstSSB+ 5ms, if the measurement period of the SCell being activated is equal to or smaller than 2400ms.
-	TFirstSSB_MAX + Trs + 5ms, if the measurement period of the SCell being activated is larger than 2400ms.
	If the SCell is unknown and belongs to FR1, and if one of the following conditions is met
-	 ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	 ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation,
provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms, if the following conditions are met, 
-	the SCell is contiguous to an active serving cell in the same band, and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell, and 
-	its RTD with contiguous FR1 active serving cell is smaller than or equal to 260ns with respect to the to-be-activated SCell’s SSB numerology, and its reception power difference with contiguous FR1 active serving cell is smaller than or equal to 6dB;
-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms, otherwise.
otherwise, provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,
-	3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.
-	However, when the following conditions are fulfilled, no activation requirement will be applied for this unknown SCell:
-	the SCell is contiguous to an active serving cell in the same band, and
-	A single SSB is used in the unknown SCell; or multiple SSBs are used in the SCell and TCI state indication for PDCCH is provided by the same MAC PDU used for SCell activation; and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell
-	its RTD with contiguous FR1 active serving cell is larger than 260ns with respect to the to-be-activated SCell’s SSB numerology, or its reception power difference with contiguous FR1 active serving cell is larger than 6dB;
[bookmark: _Hlk130928263]	If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
…


The above SCell activation delay requirements (Tactivation_time) in FR1 can be summarized as Table 1.
Table 1: SCell activation delay requirements in FR1
	Scenario#
	Tactivation_time

	Known SCell
	Case#1-a
	-	TFirstSSB+ 5ms

	
	Case#1-b
	-	TFirstSSB_MAX + Trs + 5ms

	Unknown SCell
	Case#2-a-1
	-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms,

	
	Case#2-a-2
	-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms

	
	Case#2-b-1
	-	Tactivation_time is 3 ms

	
	Case#2-b-2
	-	6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,
-	3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.


For known SCell, the requirements for case#1-a and case#1-b are applied. Whether to apply the requirements for case#1-a or for case#1-b depends on the measurement period of the SCell being activated. For all the CA cases, the same SCell activation delay requirements are applied for known SCell.
For unknown SCell with indicated ‘ssb-PositionInBurst’, the requirements for case#2-a-1 and case#2-a-2 are applied. For intra-band contiguous case, the requirements for case#2-a-1 are applied. For other cases (including intra-band non-contiguous case and inter-band case), the requirements for case#2-a-2 are applied.
For unknown SCell without indicated ‘ssb-PositionInBurst’, the requirements for case#2-b-1 and case#2-b-2 are applied. For intra-band contiguous case, the requirements for case#2-b-1 are applied for UE supporting scellWithoutSSB. For other cases (including intra-band non-contiguous case and inter-band case), the requirements for case#2-b-2 are applied.
For unknown SCell, the side condition Ês/Iot ≥ -2dB is fulfilled. For intra-band contiguous case, no requirements will be applied when RTD is larger than 260ns.
It can be observed that the same SCell activation delay requirements are applied for FR1 intra-band collocated non-contiguous CA and FR1 inter-band CA cases. 
Observation 1: In current spec, the same SCell activation delay requirements are applied for FR1 intra-band collocated non-contiguous CA (MRTD=3us) and FR1 inter-band CA (MRTD=33us).
In R18, MRTD for intra-band non-contiguous CA is extended from 3us to 33us in order to supporting non-collocated deployment, which is same as that for FR1 inter-band CA. Since the current SCell activation delay requirements are defined as the same for MRTD=3us and MRTD=33us. So, the existing SCell activation delay requirements for FR1 intra-band collocated non-contiguous CA and FR1 inter-band CA are also 
for intra-band contiguous case and other cases (including intra-band non-contiguous case and inter-band case). For intra-band contiguous case, BS TAE is defined as 260ns, which implies that non-collocated deployment is impossible. So, co-located deployment is assumed for intra-band contiguous CA since R15, and the same assumption is also kept in R18. There is no need to further clarify co-located deployment for intra-band contiguous case in SCell activation delay requirements. In R18, MRTD for intra-band non-contiguous CA is extended from 3us to 33us, which is same as that for inter-band CA. For intra-band non-contiguous case, the existing SCell activation delay requirements for other cases also can be applied.
Proposal 1: The current SCell activation delay requirements for FR1 intra-band collocated non-contiguous CA and FR1 inter-band CA can also be applied for FR1 intra-band non-collocated non-contiguous CA for Type 2 UE, which can be summarized as follows:
	Scenario#
	Tactivation_time

	Known SCell
	The activated SCell measurement period is no larger than 2400ms
	-	TFirstSSB+ 5ms

	
	The activated SCell measurement period is larger than 2400ms
	-	TFirstSSB_MAX + Trs + 5ms

	Unknown SCell
	When one of the following conditions is met:
-	‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
	-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms

	
	When both of the following conditions are not met:
-	‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
	-	6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,
-	3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.


For link recovery procedure, UE is only to perform BFD/CBD measurements on no more than 1 serving cell per band. It is assumed that the serving cells in the same band have the similar link quality in co-located deployment. However, for Type 2 UE in non-collocated deployment, the link qualities of serving cells in the same band could be different. There is no need to limit BFD/CBD requirements only on one serving cell.
Proposal 2: It is suggested that Type 2 UE can be configured with BFD/CBD measurements on more than one serving cells in the same band.
Four-layer MIMO case
[bookmark: _Hlk127439928]For 4-layer MIMO case, the MRTD/MTTD requirements for supporting non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC with overlapping DL bands need to be studied. The MRTD value is derived from BS TAE and the maximum propagation delay difference between CCs. For FR1 non-contiguous intra-band NR-CA, the BS TAE is defined as 3us in TS38.104. So, RAN4 needs to the maximum propagation delay difference in non-collocated deployment.
Based on the agreements in [2], Type 3a/3b and Type 4a/4b are assumed for 4-layer MIMO case. The assumed UE architectures for Type 3a/3b and Type 4a/4b in [2] are listed as Table 1
Table 1: UE Types for 4-layer MIMO case
	UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	NRCA/
ENDC
	power
imbalance
	comment

	[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 => is it compatible with smartphone? (for which frequency range), 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 => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	


Type 3a/3b UE has shared LNA for 4Rx, which means common AGC on LNA. The maximum propagation delay difference will be impacted by the allowed power balance level, where the propagation delay difference is increased with the power balance level. The power balance for Type 3a/3b UE has been discussed in RF session, however no conclusion was achieved.
For Type 3a/3b UE, the MRTD/MTTD requirements for supporting non-collocated non-contiguous intra-band NR-CA and inter-band EN-DC with overlapping DL bands need to be larger than 3us. For SCS=30kHz, CP length is 2.34us. The RTD for non-collocated deployment can be longer than CP. When UE performs common AGC settling operations, there may have an interruption on the first/last symbol of a slot and cause performance degradation. Even for collocated deployment, the MRTD value is longer than CP, and a note is added for clarifying the performance degradation. Similarly, the same note can be added for Type 3a/3b UE for supporting non-collocated deployment.
Proposal 3: For 4-layer MIMO with Type 3a/3b UE, the MRTD requirements for non-collocated FR1 intra-band non-contiguous CA and inter-band EN-DC with overlapping DL bands can be defined as (3us +ΔT), where ΔT is the maximum propagation delay difference determined by the agreed power imbalance for Type 3a/3b UE.
For Type 4a/4b UE, it can be observed that separate RF chains are assumed for different CCs. Similar as Type 2 UE for 2 layer MIMO case, the current MRTD/MTTD requirements can be reused for Type 4a/4b UE. 
Proposal 4: For 4-layer MIMO with Type 4a/4b UE, the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can also be reused for intra-band NR-CA in non-collocated deployment.
Conclusions
In this paper we provided our analysis on RRM requirements for supporting intra-band non-collocated EN-DC/NR-CA deployment. The followings are provided.
Observation 1: In current spec, the same SCell activation delay requirements are applied for FR1 intra-band collocated non-contiguous CA (MRTD=3us) and FR1 inter-band CA (MRTD=33us).
Proposal 1: The current SCell activation delay requirements for FR1 intra-band collocated non-contiguous CA and FR1 inter-band CA can also be applied for FR1 intra-band non-collocated non-contiguous CA for Type 2 UE, which can be summarized as follows:
	Scenario#
	Tactivation_time

	Known SCell
	The activated SCell measurement period is no larger than 2400ms
	-	TFirstSSB+ 5ms

	
	The activated SCell measurement period is larger than 2400ms
	-	TFirstSSB_MAX + Trs + 5ms

	Unknown SCell
	When one of the following conditions is met:
-	‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
	-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms

	
	When both of the following conditions are not met:
-	‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation
	-	6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,
-	3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.


Proposal 2: It is suggested that Type 2 UE can be configured with BFD/CBD measurements on more than one serving cells in the same band.
Proposal 3: For 4-layer MIMO with Type 3a/3b UE, the MRTD requirements for non-collocated FR1 intra-band non-contiguous CA and inter-band EN-DC with overlapping DL bands can be defined as (3us +ΔT), where ΔT is the maximum propagation delay difference determined by the agreed power imbalance for Type 3a/3b UE.
Proposal 4: For 4-layer MIMO with Type 4a/4b UE, the existing MRTD/MTTD requirements defined in 38.133 for inter-band case can also be reused for intra-band NR-CA in non-collocated deployment.
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