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Introduction
In last plenary it was decided to include inter-band UL CA for IBM capable UE in the WID [1]. Some discussions happened already during the RAN4#98bis and RAN4#99 meeting related to inter-band UL CA for IBM capable UE, and in this meeting RAN4 can then focus on the IBM use case. In this paper, we provide our views on possible impact from introduction of UL CA for IBM UEs. 

Discussion
Rel-16 introduced inter-band DL CA for IBM in FR2 and the related RRM requirements were defined. Rel-17 will now introduce inter-band UL CA for IBM in FR2 and RAN4 will need to discuss, identify, and define necessary UE requirements. Some initial discussion happened in RAN4#98bis meeting with the outcome of the discussion captured in [2], the discussion continued in RAN4#99 meeting with the outcome captured in [4].
A number of open aspects were listed for further discussion:
· Issue 2-1-2: Interruption due to UL carrier RRC reconfiguration
· Issue 2-1-3: Interruption at active BWP switching
· Issue 2-1-4: DL interruption at UE Tx switching between two uplink carriers
· Issue 2-1-5: DL Interruption at NR SRS carrier based switching
The Following issue was agreed in last meeting:
· Applicability of requirements
· Agreements:
· RAN4 to update the applicability of requirements in the specification to include FR2 inter-band UL CA for IBM UEs.


Maximum Transmission Timing Difference in Carrier Aggregation
Currently, the 38.133 MTTD requirements does cover the inter-band UL CA for FR2 for a UE supporting IBM. Hence, no changes are foreseen.
UE MTTD requirements for inter-band UL CA for FR2 are already defined for an IBM capable UE.

Interruption due to UL carrier RRC reconfiguration
The discussion relates to: Issue 2-1-2: Interruption due to UL carrier RRC reconfiguration.
For this WI the focus is on defining UL CA for an IBM capable for FR2 inter-band:
· Specify requirements for inter-band UL CA for two bands between different frequency groups based on IBM
Currently 38.133 states:
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.
Table 8.2.2.2.4-1: Interruption duration for UL carrier RRC reconfiguration
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	NR Slot length (ms)
	Interruption length (slots)


	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	8



However, this does not account the IBM part. Hence, it needs to be addressed that the UL carrier reconfiguration only impact activate serving cells within the band of the UL carrier being reconfigured.
The UL carrier reconfiguration only impact activate serving cells within the band of the UL carrier being reconfigured.
One way to address this would be to capture a requirement like done for SCell addition/release for an IBM capable UE:
For a UE capable of independent beam management, when an UL carrier or supplementary UL carrier is configured or de-configured in an FR2 band pair, 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 and FR2 band as the reconfigured uplink carrier. The interruption is for both uplink and downlink of PCell and all the activated SCells within the same FR and FR2 band as the configured or de-configured UL.
We have provided a TP in appendix

Interruptions at active BWP switching
RAN4 has defined interruptions due to active BWP switch for DL and UL. In a similar manner as for UL carrier RRC reconfiguration, the UE may be requested to switch UL BWP in one of the bands being configured in inter-band UL CA. In this scenario, only the band in which the UL BWP switch should be impacted by the BWP switch.
Only the band in which the UL BWP switch should be impacted by the BWP switch.
The basic conditions when an interrupt on the involved band is allowed would be same as defined currently.
One text example how this could be captured would be:
When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap and UE is capable of independent beam management, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range and band wherein the UE is performing BWP switching provided the bands are in an FR2 band pair. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 when BWP switch occurs on a single CC. The starting time of interruption caused by each BWP switch is only allowed within the BWP switch delay TMultipleBWPswitchDelay as defined in clause 8.6.2A.1 when BWP switch occurs on multiple CCs. Interruptions are not allowed during BWP switch involving any other parameter change.
We have provided a TP in appendix.

DL interruptions due to UE switching between two UL carriers
The discussion relates to: Issue 2-1-4: DL interruption at UE Tx switching between two uplink carriers. 
The currently defined UE requirements do not state FR1 or FR2 specifics and hence they can apply generally for both frequency ranges. Hence, the current requirement regarding interruption requirement for a UE switching between two uplink carriers can be applied in Rel-17.
Current requirement regarding interruption requirement for a UE switching between two uplink carriers can be applied in Rel-17.
However, it may be preferable for future clarity to clarify specifically that the requirements apply for both frequency ranges.
Clarify that the requirements apply for both frequency ranges.
Next, a text example how this could be captured:
The requirements in this clause regarding DL interruption requirements at dynamic switching between two uplink carriers specified apply for FR1 and FR2.
such change would be needed in section 8.2.2.2.10.

Interruption at NR SRS carrier based switching
This discussion is related to: Issue 2-1-5: DL Interruption at NR SRS carrier based switching.
RAN4 need to consider that the UL is inter-band UL CA for IBM capable in FR2. Hence, we have two scenarios:
1. DL Interruption at NR SRS carrier switching within each separate band in the inter-band CA combo.
2. DL Interruption at NR SRS carrier switching between the bands of the inter-band CA combo.
For case 1 it should already be well defined and current inter-band switching time in section 8.2.2.2.9:
For intra-band SRS carrier switching in FR1 or FR2, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 based on SRS carrier switching time ≤ 200us shall apply.
And there should be no impact between the bands for a supported band pair of the IBM capable UE. Hence, even if there are interruptions in DL in band 1 of the 2 bands in the band pair in the UL inter-band CA, there will be no interruptions in the DL of band 2.
Interruptions in DL due to SRS carrier switching in one of the two bands used in FR2 UL inter-band CA, will not cause interruptions in the DL of the 2nd band. 
Such requirement can be captured as:
For intra-band SRS carrier switching within a band in an FR2 inter-band UL CA band pair for a UE capable of independent beam management, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 based on SRS carrier switching time ≤ 200us shall apply. No interruptions are allowed on the other band used in the FR2 inter-band UL CA combination.
For case 2 we need to look at the current status of the Rel-16 discussion. In Rel16, it was agreed to define the interruption requirements at SRS carrier switching as below [R4-2005341]. The requirements for inter-band CA in FR2 was not defined in Rel16 as 1) it is not clear if SRS carrier switching is feasible between different bands in FR2 2) FR2 inter-band UL CA was not discussed at that time. While 2) is solved in this WI, 1) seems still missing. Hence, RAN4 would first need to agree on whether it is feasible with SRS carrier switching between bands in FR2. 
· Applicability of SRS carrier switching time for defining interruption requirements
· 200us for intra-band CA in both FR1 and FR2
· 200us , 500us and 900us for inter-band CA in FR1, and inter-band CA between FR1 and FR2
· Wait for RF room on conclusion of applicable SRS carrier switching time for inter-band CA in FR2
Wait for RF room on conclusion of applicable SRS carrier switching time for inter-band CA in FR2
 
We have provided a TP in appendix

Conclusion
In this paper, we provide our views on possible impact from introduction of UL CA for IBM UEs.
1. The UL carrier reconfiguration only impact activate serving cells within the band of the UL carrier being reconfigured.
1. Only the band in which the UL BWP switch should be impacted by the BWP switch.
1. Current requirement regarding interruption requirement for a UE switching between two uplink carriers can be applied in Rel-17.
1. Clarify that the requirements apply for both frequency ranges.
1. Interruptions in DL due to SRS carrier switching in one of the two bands used in FR2 UL inter-band CA, will not cause interruptions in the DL of the 2nd band. 
1. Wait for RF room on conclusion of applicable SRS carrier switching time for inter-band CA in FR2
We have provided TPs in appendix
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Appendix

TP for Interruption due to UL carrier RRC reconfiguration

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.
For a UE capable of independent beam management, when an UL carrier or supplementary UL carrier is configured or de-configured in an FR2 band pair, 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 and FR2 band as the reconfigured uplink carrier. The interruption is for both uplink and downlink of PCell and all the activated SCells within the same FR and FR2 band as the configured or de-configured UL.

Table 8.2.2.2.4-1: Interruption duration for UL carrier RRC reconfiguration
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	NR Slot length (ms)
	Interruption length (slots)


	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	8



TP for Interruptions at active BWP switching

8.2.2.2.5	Interruptions due to Active BWP switching Requirement
The requirements for DCI-based BWP switch, timer-based BWP switch or UL BWP switch triggered by consistent uplink LBT failures in this clause apply to the case that the BWP switch is performed on a single CC or multiple CCs.
When either of the DCI-based, timer-based or RRC-based downlink BWP switch and/or uplink BWP switch occur on multiple CCs simultaneously or over partially overlapping period, the interruption requirements described in this clause apply for each BWP switch.
When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. When the BWP switch involves changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap and UE is capable of independent beam management, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range and band wherein the UE is performing BWP switching provided the bands are in an FR2 band pair. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 when BWP switch occurs on a single CC. The starting time of interruption caused by each BWP switch is only allowed within the BWP switch delay TMultipleBWPswitchDelay +Y as defined in clause 8.6.2A.1 when BWP switch occurs on multiple CCs. Interruptions are not allowed during BWP switch involving any other parameter change.
When a BWP timer bwp-InactivityTimer defined in TS 38.331 [2] expires, UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. When the BWP switch involves changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap and UE is capable of independent beam management, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range and band wherein the UE is performing BWP switching provided the bands are in an FR2 band pair. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 when BWP switch occurs on a single CC. The starting time of interruption caused by each BWP switch is only allowed within the BWP switch delay TMultipleBWPswitchDelay as defined in clause 8.6.2B.1 when BWP switch occurs on multiple CCs simultaneously or TMultipleBWPswitchDelayTotal as defined in clause 8.6.2B.2 when BWP switch occurs on multiple CCs over partially overlapping time period. Interruptions are not allowed during BWP switch involving any other parameter change.
When UE receives an RRC reconfiguration that only requests UE to switch its active BWP on one single CC, the UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. When the BWP switch involves changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap and UE is capable of independent beam management, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range and band wherein the UE is performing BWP switching provided the bands are in an FR2 band pair. X is defined in Table 8.2.2.2.5-1. The interruption is only allowed within the delay TRRCprocessingDelay + TBWPswitchDelayRRC defined in clause 8.6.3 when BWP switch occurs on a single CC.
When UL BWP switch is triggered by consistent uplink LBT failures [7], UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active UL BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the UL BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing UL BWP switching. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the UL BWP switching delay TBWPswitchDelay as defined in clause 8.6.2. Interruptions are not allowed during BWP switch involving other parameter change.
Table 8.2.2.2.5-1: Interruption length X
	[image: ]
	NR Slot 
	Interruption length X (slots)

	
	length (ms)
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	void



Table 8.2.2.2.5-2: Parameters which cause interruption other than SCS
	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	

	maxMIMO-Layers-r16
	




TP for Interruption at NR SRS carrier based switching

8.2.2.2.9	 Interruptions at NR SRS carrier based switching
SRS transmission can be configured on a carrier not configured for PUCCH/PUSCH transmission. When a UE needs to transmit periodic, semi-persistent or aperiodic SRS on a carrier of a serving cell not configured for PUCCH/PUSCH transmission, the UE can perform carrier based switching to one or more carriers not configured for PUCCH/PUSCH transmission from a carrier with PUCCH/PUSCH transmission or from a carrier not configured for PUCCH/PUSCH transmission prior to transmitting SRS, provided that:
-	switching is from a configured carrier to another activated carrier;
-	the carrier of SCells not configured for PUCCH/PUSCH transmission to which SRS carrier based switching is performed is indicated by DCI SRS request field for aperiodic SRS transmission, or indicated by MAC-CE for semi-persistent SRS transmission, or configured via RRC for periodic SRS transmission;
-	the serving cell, from which SRS carrier based switching is performed and whose UL transmission may therefore be interrupted, is indicated by srs-SwitchFromServCellIndex and srs-SwitchFromCarrier in TS38.331 [2];
-	 the SRS switching is not colliding with any other transmission with higher priority defined in TS 38.214 [26].
-	for UE, which does not support simultaneous reception and transmission for inter-band TDD CA specified in TS 38.331 [2], and is compliant to the requirements for inter-band CA with uplink in one NR band and without simultaneous Rx/Tx specified in TS 38.101-1 [18] for frequency range 1 and TS 38.101-2 [19] for frequency range 2, the SRS transmission are not simultaneously scheduled with DL SSB/CSI-RS for L3 or L1 measurements transmission on other carriers.
The UE shall not perform SRS carrier based switching if the above conditions cannot be met.
When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell if UE is not capable of Per-FR gap, or on active serving cell(s) in FR1 if UE is capable of Per-FR gap, during the switching to the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission,
-	with up to X1 slot as specified in Table 8.2.2.2.9-1.
When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell if UE is not capable of Per-FR gap, or on active serving cell(s) in FR2 if UE is capable of Per-FR gap, during the switching to the carrier of a serving cell in FR2 not configured for PUCCH/PUSCH transmission,
-	with up to X2 slot as specified in Table 8.2.2.2.9-2.
When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell if UE is not capable of Per-FR gap, or on active serving cell(s) in FR1 if UE is capable of Per-FR gap, during the switching from the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission,
-	with up to X1 slot as specified in Table 8.2.2.2.9-1.
When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell if UE is not capable of Per-FR gap, or on active serving cell(s) in FR2 if UE is capable of Per-FR gap, during the switching from the carrier of a serving cell in FR2 not configured for PUCCH/PUSCH transmission,
-	with up to X2 slot as specified in Table 8.2.2.2.9-2.
Table 8.2.2.2.9-1: Interruption length X1 (slot) 
	
	NR Slot length 
	SRS carrier 
	Interruption length X1 (slots)
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	(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
	2
	2

	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 8.2.2.2.9-2: Interruption length X2 (slot) 
	
	NR Slot
	SRS carrier
	Interruption length X2 (slots)
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	length (ms) of victim cell
	switching time (us) Note 1
	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

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



For intra-band SRS carrier switching in FR1 or FR2, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 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 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 shall apply.
For intra-band SRS carrier switching within a band in an FR2 inter-band UL CA band pair for a UE capable of independent beam management, interruptions in Table 8.2.2.2.9-1 and in Table 8.2.2.2.9-2 based on SRS carrier switching time ≤ 200us shall apply. No interruptions are allowed on the other band used in the FR2 inter-band UL CA combination.
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