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Introduction
The WID on NR RF enhancement for FR2 need to be discussed in RAN4 from this meeting, and one objective of this WID for inter-band DL CA enhancement is listed as follows:
	· Inter-band UL CA [RAN4 RF/RRM] 
· [bookmark: OLE_LINK56]Specify requirements for inter-band UL CA for two bands.
· [bookmark: OLE_LINK29]Define requirements for  CA_n257A-n259A based on IBM (Note this CA configuration will be moved to Basket WI in RAN#90 and more combinations may be added to Basket WI later).
· Study and if feasible define UE requirements for CBM between different freq. groups (e.g. 28GHz + 37GHz).
· Study and if feasible define UE requirements for CBM and/or IBM CA within the same freq. group (e.g. 28GHz + 28GHz), on hold until there is operator request.
· Both RF and RRM requirement aspects are in scope for UL interband CA.


In this contribution, we provide the initial discussion on the RRM impacts due to FR2 inter-band UL CA.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667][bookmark: OLE_LINK23][bookmark: OLE_LINK24]According to the objects of this work item, FR2 inter-band UL CA for two bands will be introduced. RAN4 needs to study the RRM requirements for FR2 inter-band UL CA.
[bookmark: OLE_LINK54][bookmark: OLE_LINK53]In TS38.133, the following requirements are defined for the UE with UL CA operation. We provide discussion on whether the current RRM requirements can be applied for FR2 inter-band UL CA or the current RRM requirements need to be updated for FR2 inter-band UL CA.
MTTD for inter-band NR CA
[bookmark: OLE_LINK33][bookmark: OLE_LINK30][bookmark: OLE_LINK58][bookmark: OLE_LINK34][bookmark: OLE_LINK36]The current MTTD requirement for FR2 inter-band CA in Rel-16 is defined as 8.5us, which is applicable for the IBM UE. The MTTD requirement is band combination independent and shall be applicable for all the IBM based FR2 inter-band CA configurations. Hence, the current MTTD requirement for FR2 inter-band CA shall also be applicable for the CA configuration of CA_n257A-n259A based on IBM.
[bookmark: OLE_LINK44]Observation 1: The existing MTTD requirement for FR2 inter-band CA can be applied for all the IBM based CA configurations, including CA_n257A-n259A based on IBM.
[bookmark: OLE_LINK26][bookmark: OLE_LINK39][bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK43][bookmark: OLE_LINK42]The existing MTTD requirement for FR2 inter-band CA is defined based on 8us MRTD requirement for FR2 inter-band CA, which applies for both co-located deployment and non-co-located deployment. In Rel-16, whether the current MTTD requirements for FR2 inter-band CA can apply to CBM UE is not concluded. If CBM based FR2 inter-band UL CA is introduced in Rel-17, then RAN4 needs to further study the MTTD requirements for CBM based FR2 inter-band CA.
[bookmark: OLE_LINK59]Proposal 1: If CBM based FR2 inter-band UL CA would be introduced in Rel-17, then RAN4 needs to study the MTTD requirement applicable for CBM based FR2 inter-band CA.
[bookmark: OLE_LINK19]UL carrier RRC reconfiguration delay and interruption
[bookmark: OLE_LINK50][bookmark: OLE_LINK52][bookmark: OLE_LINK55]The interruption requirements due to UL carrier RRC reconfiguration are defined as blow:
	8.2.2.2.4	Interruptions at UL carrier RRC reconfiguration
The requirements in this clause shall apply when a supplementary UL carrier or an UL carrier is configured or de-configured in NR standalone carrier aggregation as defined in TS 38.331 [2].
When an UL carrier or supplementary UL carrier is configured or de-configured, an interruption of up to the duration shown in table 8.2.2.2.4-1, is allowed during the RRC reconfiguration procedure [2] on PCell and all activated SCells within the same FR as the reconfigured uplink carrier. The interruption is for both uplink and downlink of PCell and all the activated SCells within the same FR as the configured or de-configured UL.
[bookmark: OLE_LINK48]Table 8.2.2.2.4-1: Interruption duration for UL carrier RRC reconfiguration
	[image: ]
	NR Slot length (ms)
	Interruption length (slots)


	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	8





[bookmark: OLE_LINK69][bookmark: OLE_LINK62][bookmark: OLE_LINK57][bookmark: OLE_LINK68][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK63]The current interruption requirements due to UL carrier RRC reconfiguration depend on the SCS of the interrupted carrier and are applied to all the types of SCS, including SCS=15kHz (only in FR1), SCS=30kHz (only in FR1), SCS=60kHz (in both FR1 and FR2) and SCS=120kHz (only in FR2). The interruption is allowed to the serving cells within the same FR as the reconfigured UL carrier. For FR2 inter-band UL, both the reconfigured UL carrier and the interrupted carrier belong to the same FR (both on FR2). Obviously, the current interruption requirements can be applied for FR2 inter-band UL CA operation.
[bookmark: OLE_LINK49][bookmark: OLE_LINK47][bookmark: OLE_LINK51]The maximum UL carrier RRC reconfiguration delay is defined as the maximum RRC procedure delay which is independent of CA configurations. Hence, the UL carrier RRC reconfiguration delay requirements shall be the same when new CA band combinations are introduced.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK77]Observation 2: The existing interruption and delay requirements for UL carrier RRC reconfiguration can be applied when new inter-band UL CA configurations are introduced.
DL Interruptions at UE switching between two uplink carriers
[bookmark: OLE_LINK70][bookmark: OLE_LINK81][bookmark: OLE_LINK71][bookmark: OLE_LINK74][bookmark: OLE_LINK76][bookmark: OLE_LINK111][bookmark: OLE_LINK113][bookmark: OLE_LINK75][bookmark: OLE_LINK73][bookmark: OLE_LINK72][bookmark: OLE_LINK110][bookmark: OLE_LINK109]The interruption requirements for UE switching between two uplink carriers are applied for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, where one uplink carrier capable of one transmit antenna connector and another uplink carrier capable of two transmit antenna connectors. It is common understanding that carriers with one or more transmit antenna connectors only belong to FR1. The capability uplinkTxSwitchingPeriod is also FR1-only. Hence, the existing interruption requirements for UE switching between two uplink carriers are only applied for FR1 inter-band UL CA.
[bookmark: OLE_LINK78][bookmark: OLE_LINK103]Observation 3: The existing interruption requirements for UE switching between two uplink carriers are not applicable for FR2 inter-band UL CA.
[bookmark: OLE_LINK115][bookmark: OLE_LINK114][bookmark: OLE_LINK112]Whether to introduce interruption requirements for UE switching between two uplink carriers in FR2 depends on whether different uplink carrier capabilities will be introduced in FR2, such as uplink carrier capable of one transmit antenna panel or capable of two transmit antenna panels. If so, then RAN4 needs to study the interruption requirements for UE switching between two uplink carriers in FR2.
[bookmark: OLE_LINK18]Interruptions at NR SRS carrier based switching
[bookmark: OLE_LINK98][bookmark: OLE_LINK99]In TS38.133, the existing interruption requirements for NR SRS carrier based switching are defined to allow interruptions on active serving cells in following cases:
· Switching to the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission
· Switching to the carrier of a serving cell in FR2 not configured for PUCCH/PUSCH transmission
· Switching from the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission
· Switching from the carrier of a serving cell in FR2 not configured for PUCCH/PUSCH transmission
The interruption time is defined as below. 
	Table 8.2.1.2.12-1: Interruption length X1 (slot) 
	
	NR Slot length
	SRS carrier
	Interruption length X1 (slots)

	[image: ]
	(ms) of victim cell
	switching time (us)Note 1
	Sub carrier spacing for agressor cell (kHz)

	
	
	
	15
	30

	0
	1
	≤ 200
	2
	2

	
	
	300, 500
	2
	2

	
	
	900
	3
	3

	1
	0.5
	≤ 200
	3
	2

	
	
	300, 500
	3
	3

	
	
	900
	4
	4

	2
	0.25
	≤ 200
	4
	3

	
	
	300, 500
	5
	4

	
	
	900
	7
	6

	3
	0.125
	≤ 200
	7
	5

	
	
	300, 500
	9
	7

	
	
	900
	12
	10

	Note1:	NR SRS carrier switching time is UE capability indicated by higher layer parameter SRS-SwitchingTimeNR.



Table 8.2.1.2.12-2: Interruption length X2 (slot) 
	
	NR Slot
	SRS carrier
	Interruption length X2 (slots)

	[image: ]
	[bookmark: OLE_LINK118]length (ms) of victim cell
	switching time (us) Note
	[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Sub carrier spacing for agressor cell (kHz)

	
	
	
	60
	120

	0
	1
	≤ 200
	2
	2

	1
	0.5
	≤ 200
	2
	2

	2
	0.25
	≤ 200
	3
	3

	3
	0.125
	≤ 200
	4
	4



[bookmark: OLE_LINK96]For intra-band SRS carrier switching in FR1 or FR2, interruptions in Table 8.2.1.2.12-1 and in Table 8.2.1.2.12-2 based on SRS carrier switching time ≤ 200us shall apply. For inter-band SRS carrier switching in FR1 or between FR1 and FR2, interruptions in Table 8.2.1.2.12-1 and in Table 8.2.1.2.12-2 shall apply.


[bookmark: OLE_LINK122][bookmark: OLE_LINK104][bookmark: OLE_LINK121][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK105][bookmark: OLE_LINK120]It can be observed that the existing interruption requirements for NR SRS carrier based switching are applicable for intra-band SRS carrier switching in FR1, intra-band SRS carrier switching in FR2, inter-band SRS carrier switching in FR1 and inter-band SRS carrier switching between FR1 and FR2.
[bookmark: OLE_LINK119]For FR2 inter-band UL CA, the carrier of SCell not configured for PUCCH/PUSCH transmission to/from which SRS carrier based switching is in FR2, and the interrupted serving cell is also in FR2. The agressor cell and the victim cell can be on FR2 intra-band carriers or on FR2 inter-band carriers. However, the case of inter-band SRS carrier switching in FR2 is missing for the current NR SRS carrier based switching requirements. Hence, RAN4 needs to investigate the interruption time for inter-band SRS carrier switching in FR2.
[bookmark: OLE_LINK108]Proposal 2: RAN4 investigates the interruption requirements for NR SRS carrier based switching applicable for inter-band SRS carrier switching in FR2.

Conclusions
This contribution provides the discussion on FR2 inter-band UL CA enhancement. The following are provided:
Observation 1: The existing MTTD requirement for FR2 inter-band CA can be applied for all the IBM based CA configurations, including CA_n257A-n259A based on IBM.
Proposal 1: If CBM based FR2 inter-band UL CA would be introduced in Rel-17, then RAN4 needs to study the MTTD requirement applicable for CBM based FR2 inter-band CA.
Observation 2: The existing interruption and delay requirements for UL carrier RRC reconfiguration can be applied when new inter-band UL CA configurations are introduced.
Observation 3: The existing interruption requirements for UE switching between two uplink carriers are not applicable for FR2 inter-band UL CA.
Proposal 2: RAN4 investigates the interruption requirements for NR SRS carrier based switching applicable for inter-band SRS carrier switching in FR2.
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