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Introduction
RAN plenary meeting #84 agreed to include the discussion about RRC-based BWP switch on multiple CCs to the work item for NR RRM enhancement in Rel-16 [1].
(4) RRM requirements of BWP switching 
· The Interruption requirement and BWP switching delay requirement when UE is configured or indicated to change BWP on multiple CCs
RAN4 started the discussion of the RRM requirements of BWP switching on multiple CCs from last meeting #92bis in Chongqing. A way forward [2] was agreed. In the way forward, it was agreed to separate by the triggering ways as simultaneous triggering and non-simultaneous triggering. 
In this contribution we continue the discussion and try to address the possible problems related to interruptions on different NR and/or E-UTRA CCs.
Discussion
With one RRC reconfiguration command, the network can request UE to switch its active BWP on maximum 4 CCs. It is up to the UE implementation whether each BWP switch will cause interruption to other CCs separately or whether the UE is able to perform some or all of the switches without causing any extra interruptions. However, if it is assumed that at least some UEs will cause interruption at each BWP switch, the requirements should be based on the capability of these UEs.
BWP switch always occurs on NR CCs, but interruptions as defined currently for Rel-15 NR are allowed on all other NR and E-UTRA CCs depending on the UE capability. When defining the requirements, all existing scenarios should be taken into account:
1) EN-DC
2) Standalone NR
3) NE-DC
4) NR-DC
Additionally, all new scenarios to be defined for example for NR-U will also be impacted if BWP switch on multiple CCs will be supported, but these requirements are not yet defined, so for now we only concentrate on scenarios 1) – 4) in this contribution.
Interruptions in SA and NR-DC
In standalone NR and NR-DC, all interrupted cells are NR cells. In Rel-15, interruption requirements at active BWP switch for SA are defined in section 8.2.2.2.5 of TS 38.133 as follows. NR-DC BWP switch interruption requirements are just referring to section 8.2.2.2.5 in 8.2.4.2.5 i.e. same requirements apply also for NR-DC.
	[bookmark: _GoBack]8.2.2.2.5	Interruption due to Active BWP switching Requirement
--
--
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. 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.
Table 8.2.2.2.5-1: Interruption length X
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	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 



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

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	

	Editor’s note: More parameters can be added if identified



--
--

[bookmark: _Toc5952649]8.2.4.2.5	Interruption due to Active BWP switching Requirement
When UE receives a DCI indicating the UE to switch its active BWP, or when a BWP timer bwp-InactivityTimer defined in TS 38.331 [2] expires, or when the UE receives an RRC command indicating the UE to switch its active BWP, the UE is allowed to cause an interruption on any other serving cells as defined in clause 8.2.2.2.5.




Since for SA and NR-DC all interrupted cells are NR cells, we think that when BWP switch occurs on one CC, the interruption requirement should be defined in exactly similar manner independent of which cell causes the interruption. The aggressor cell of course changes, but this should not impact the wording in the requirements. Figure 1 aims to illustrate this in a simple manner for the worst case scenario which is totally non-simultaneous BWP switching triggered on multiple CCs, where all BWP switches are done at different time instants, and each of them causes interruption to all remaining cells. Since all cells are NR cells, interruption requirement for each cell is defined in TS 38.133 and opened would be “each BWP switch is allowed to cause interruption of X slots to all other NR cells”. Independent of the UE capability of per-FR gap, we do not see any need for more complicated requirements for SA and NR-DC than just “repeating” the requirement for single CC case for each BWP switch separately. Obviously, this also applied for simultaneous triggering of BWP switching on multiple CCs.
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Figure 1: Interruptions due to BWP switch on multiple CCs in NR-DC (worst case scenario).
For SA and NR-DC, interruption requirements in SA and NR-DC defined for single CC case can be reused for each BWP switch in multiple CC case.
In the specification, we think the following sentence can just be added in section 8.2.2.2.5 to the chapter for RRC-based BWP switch interruptions to cover the multi-CC BWP switch case:
[bookmark: _Hlk13128741]When UE receives an RRC reconfiguration that requests UE to switch its active BWP on multiple CCs, the interruption requirements described above apply for each BWP switch separately.
Since section 8.2.4.2.5 is only referring to the requirements in 8.2.2.2.5, there is no need to chance this section.
Interruptions in EN-DC and NE-DC
In EN-DC and NE-DC the situation is a bit more complicated, since the interrupted cells can be, depending on UE capability, both NR and E-UTRA cells, only E-UTRA cells or only NR cells. However, when assuming the worst case scenario where each BWP switch occurs in different time instant and interruption is caused to all other CCs, the interrupted cells must always be both NR and E-UTRA cells. This is due to the fact that BWP switch occurring on multiple CCs at the same time means that multiple NR cells must be configured at the same time, since E-UTRA cells do not have BWPs, but at least one E-UTRA cell must always be configured for EN-DC and NE-DC.
Figure 2 illustrates for EN-DC a similar scenario as Figure 1 for NR-DC. There are four NR cells configured in SCG, and RRC reconfiguration command requests the UE to switch the active BWP on all of these cells. Each BWP switch in this example causes interruption to two E-UTRA cells in MCG and three NR cells in SCG i.e. all other E-UTRA and NR cells. If the UE supports per-FR gap and some of the cells would be FR1 and some FR2, it is also possible that interruptions are caused only to E-UTRA cells. If the UE would be capable to switch BWP on NR cells without causing interruption to E-UTRA cells, the interrupted cells could also be only NR cells, but the requirements for single CC case do not take such option into account separately, but always allow interruptions to E-UTRA cells.
In EN-DC and NE-DC, BWP switch on multiple carriers means that among the victim cells there are always both NR and E-UTRA cells, if the UE does not support per-FR gap or if the BWP switching involves SCS changing.
When the UE supports per-FR gap, the victim cells may also be only E-UTRA cells if other NR cells are on different FR than the aggressor cell.
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Figure 2: Interruptions due to BWP switch on multiple CCs in EN-DC (worst case scenario).
Taking the above discussion into account, unlike in SA and NR-DC, in EN-DC and NE-DC the requirement would need to be updated in both TS 38.133 and TS 36.133 to cover both NR and E-UTRA cell interruptions. Currently the requirements for Rel-15 EN-DC (7.36.2.6 in TS 36.133 and 8.2.1.2.7 in TS 38.133) and NE-DC (8.2.3.2.7 in TS 38.133) are as follows.
TS 36.133
	7.32.2.7	Interruptions at active BWP switching
The requirements in this clause shall apply for the UE configured with only NR PSCell or with NR PSCell and one or more NR SCells. The requirements in the section only apply to the case that the BWP switch is performed on a single CC.
DCI-based or timer-based downlink BWP and/or uplink BWP switching due to change in any of the parameters listed in Table 8.2.1.2.7-2 of TS 38.133 [50] or SCS in NR PSCell or in any NR SCell may cause an interruption on PCell or on activated SCell(s) in the MCG. Interruptions are not allowed during BWP switch involving other parameter change. 
The starting time of interruption due to DCI-based or timer-based downlink BWP and/or uplink BWP switching is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 of TS 38.133 [50].
RRC-based downlink BWP and/or uplink BWP switching due to change in any of the parameters listed in Table 8.2.1.2.7-2 of TS 38.133 [50] or SCS in NR PSCell or in any NR SCell may cause an interruption on PCell or on activated SCell(s) in the MCG. Interruptions are not allowed during BWP switch involving other parameter change.
The interruption due to RRC-based downlink BWP and/or uplink BWP switching is allowed anywhere within the BWP switching delay (TRRCprocessingDelay + TBWPswitchDelayRRC) defined in clause 8.6.3 of TS 38.133 [50]. The interruption due to RRC-based downlink BWP and/or uplink BWP switching defined in this clause is applicable provided that: 
-	the RRC reconfiguration requires the UE to only switch its active BWP and 
-	the BWP switching occurs on only one NR serving cell.
When the RRC reconfiguration requires the UE to switch its active BWP on multiple CCs, the interruption requirements described in this section apply for each BWP switch separately.
When BWP switch involves SCS changes, 
	the UE is allowed to cause interruption on PCell or on any activated SCell(s) regardless of the frequency range of the NR PCell or NR SCell on which the BWP switching occurs.
Otherwise,
	the UE capable of per UE measurement gap [2] is allowed to cause interruption on PCell or on any activated SCell(s) regardless of the frequency range of the NR PSCell or NR SCell on which the BWP switching occurs;
	the UE capable of per FR measurement gap [2] is allowed to cause interruption on PCell or on any activated SCell(s) provided that the NR PSCell or NR SCell on which the BWP switching occurs belongs to FR1.
The interruption on PCell or on any activated SCell(s) shall not exceed:
-	1 subframe in synchronous EN-DC,
-	2 subframes in asynchronous EN-DC.
--
--
7.36.2.6	Interruptions at active BWP switching
The requirements in this clause shall apply for the UE configured with LTE PSCell only or with LTE PSCell and one or more LTE SCells. The requirements in this section only apply to the case that the BWP switch is performed on a single CC.
DCI-based or timer-based downlink BWP and/or uplink BWP switching due to change in any of the parameters listed in Table 8.2.2.2.5-2 in TS 38.133 [50] or SCS on NR PCell or on any NR SCell may cause an interruption on PSCell or on activated SCell(s) in the SCG. Interruptions are not allowed during BWP switch involving other parameter change.
The starting time of interruption due to DCI-based or timer-based downlink BWP and/or uplink BWP switching is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 of TS 38.133 [50].
RRC-based downlink BWP and/or uplink BWP switching due to change in any of the parameters listed in Table 8.2.1.2.7-2 of TS 38.133 [50] or SCS in NR PSCell or in any NR SCell may cause an interruption on PCell or on activated SCell(s) in the MCG. Interruptions are not allowed during BWP switch involving other parameter change.
The interruption due to RRC-based downlink BWP and/or uplink BWP switching is allowed anywhere within the BWP switching delay (TRRCprocessingDelay + TBWPswitchDelayRRC) defined in clause 8.6.3 of TS 38.133 [50]. The interruption due to RRC-based downlink BWP and/or uplink BWP switching defined in this clause is applicable provided that:
-	the RRC reconfiguration requires the UE to only switch its active BWP and 
-	the BWP switching occurs on only one NR serving cell.
When the RRC reconfiguration requires the UE to switch its active BWP on multiple CCs, the interruption requirements described in this section apply for each BWP switch separately.
Table 7.36.2.6-1: Void

When BWP switch involves SCS changes, 
	the UE is allowed to cause interruption on PCell or on any activated SCell(s) regardless of the frequency range of the NR PCell or NR SCell on which the BWP switching occurs.
Otherwise,
	the UE capable of per UE measurement gap [2] is allowed to cause interruption on PSCell or on any activated SCell(s) regardless of the frequency range of the NR PCell or NR SCell on which the BWP switching occurs;
	the UE capable of per FR measurement gap [2] is allowed to cause interruption on PSCell or on any activated SCell(s) provided that the NR PCell or NR SCell on which the BWP switching occurs belongs to FR1.
The interruption on PSCell or on any activated SCell(s) shall not exceed:
-	1 subframe in synchronous NE-DC,
-	2 subframes in asynchronous NE-DC.





TS 38.133
	8.2.1.2.7	Interruption due to Active BWP switching Requirement
--
--
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 8.2.1.2.7-2 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 8.2.1.2.7-2 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. X is defined in Table 8.2.1.2.7-1.The interruption is only allowed within the delay TRRCprocessingDelay + TBWPswitchDelayRRC defined in clause 8.6.3.
Table 8.2.1.2.7-1: interruption length X
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	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:	If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 



Table 8.2.1.2.7-2: Parameters which cause interruption other than SCS
	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	

	Editor’s note: More parameters can be added if identified 



--
--

[bookmark: _Toc5952642]8.2.3.2.7	Interruption due to Active BWP switching Requirement
When UE receives a DCI indicating the UE to switch its active BWP, or when a BWP timer bwp-InactivityTimer defined in TS 38.331 [2] expires, or when the UE receives an RRC command indicating the UE to switch its active BWP, the UE is allowed an interruption on PCell and any activated SCells as defined in clause 8.2.2.2.5.




In our view, a similar approach can be used for EN-DC and NE-DC as for SA and NR-DC, but the update just needs to be done in both specifications. This would mean updating the requirement applicability in TS 38.133 and adding the following sentence to TS 38.133
When the RRC reconfiguration requires the UE to switch its active BWP on multiple CCs, the interruption requirements described in this section apply for each BWP switch separately.
For EN-DC and NE-DC, interruption requirements in EN-DC and NE-DC defined for single CC case can be reused for each BWP switch in multiple CC case, and the clarification has to be made in both TS 38.133 and TS 36.133.
We have prepared text proposals in our company CRs [3] and [4] to cover proposals 1 and 2 for 38.133 and 36.133.
Conclusion
In this contribution we have discussed interruption requirements for BWP switch on multiple CCs. We have made the following observations and proposals:
1. For SA and NR-DC, interruption requirements in SA and NR-DC defined for single CC case can be reused for each BWP switch in multiple CC case.
1. In EN-DC and NE-DC, BWP switch on multiple carriers means that among the victim cells there are always both NR and E-UTRA cells, if the UE does not support per-FR gap or if the BWP switching involves SCS changing.
When the UE supports per-FR gap, the victim cells may also be only E-UTRA cells if other NR cells are on different FR than the aggressor cell.
For EN-DC and NE-DC, interruption requirements in EN-DC and NE-DC defined for single CC case can be reused for each BWP switch in multiple CC case, and the clarification has to be made in both TS 38.133 and TS 36.133.
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