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1 Introduction
In RAN4#87, a WF to further analyse delay and interruption requirements due to BWP switching was approved [1]. The previous LS sent to RAN1in [1] is the basis for these delay and interruption requirements being discussed in RAN4. RAN4 extensively discussed various aspects of the RRM requirements due to BWP switching [2-]. In this paper we further analyse the RRM requirements affected due to the BWP switching based on the latest agreements in the WF [1].
2 Agreements on BWP Switching Delays 
According to the RAN4 LS [8], the time required by the UE to reconfigure BWP in an NR serving cell was analysed for the following 4 different scenarios. 

· Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
· Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
· Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
· Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.
The reconfiguration delay for different scenarios is summarized in table 1 [8].  The delay further depends on the UE capabilities, where Type 1 delay capable UE can perform BWP reconfiguration over a shorter delay compared to Type 2 capable UE. 
Table 1: BWP switching delay parameters [8]

	Frequency Range
	Scenario
	Type 1

Delay (us)
	Type 2

Delay (us)
	Comment

	1
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective

	2
	1
	600
	 2000
	

	
	2
	600
	 2000
	

	
	3
	600
	 2000
	

	
	4
	400
	950
	No delay required from the RF perspective


3 Interruption due to BWP Switching
In the WF in [1] the following identified issues need to be addressed:
· Interruption occurs other serving cells for scenarios 1, 2, 3
· FFS whether interruption can be avoided for those serving cells in different FR to the BWP-switching cell, if UE claimed the supporting of per-FR gap
· FFS the interruption duration 
· Option A: the same switching delay. 
· Option B: re-use the conclusion in Scell activation
· Option C: other values
· FFS whether Interruption occurs for scenario 4 and if so, what the victim cells are.
· FFS whether any baseband parameters in the BWP configuration in TS38.331 will cause interruption and if so, what the victim cells are.
3.1 Interruption scenarios

According the agreed WF it has been agreed that at least the BWP switching in scenarios # 1, 2 and 3 will cause interruption on other serving cells. However whether the interruption will also occur on other serving cells in scenario # 4 is for further studies. 
In scenario # 4, where this is only change in SCS, will lead to change in the sampling rate, which may cause interruption on other serving cells due to harmonic problem. However this depends on UE architecture and implementation. In order to define general requirements to cover different UE implementations, the interruption in scenario # 4 needs to be allowed. Therefore in all scenarios 1-4, there will be interruption on other serving cells.
It has also been agreed to analyse whether any baseband parameters in the BWP configuration shall cause any interruption. TS 38.331 specifies large list of parameters associated with the BWP in the IE BWP. This is reproduced in annex A for convenience. Apart from the change of any of the following parameters we don’t see the need for the interruption. But these are already covered by scenarios # 1-4. 
BWP ::= 






SEQUENCE {


locationAndBandwidth



INTEGER (0..37949),


subcarrierSpacing




SubcarrierSpacing,


cyclicPrefix





ENUMERATED { extended }












OPTIONAL
-- Need R

}

We agree that the UE capable of per-FR gap should not cause any interruption to serving cells in FR which is different that the FR of the serving cell where the BWP switching occurs. However this should be treated in the same manner as being done for the interruption due to SCell activation/SCell deactivaton/SCell/PSCell addition/SCell/PSCell removal/ SCell measurements etc.
· Proposal # 1: The BWP switching on a serving cell due to change in center-frequency, RF BW or SCS may also cause interruption on other serving cells in EN-DC and CA. 
· Proposal # 2: Change in only baseband parameter(s) associated with BWP without changing LO, RF BW or SCS will not cause any interruption on any of the serving cells.
· Proposal # 3: UE capable of per-FR gap shall not cause interruption to serving cells in FR other than the one where the BWP switching occurs. 
3.2 Interruption requirements

In the following section we analyze interruption on other serving cells due to BWP switching in a serving cell under scenarios # 1-4.  The interruption on other serving cells can be categorized into the following two main categories:
· Interruption on LTE and NR serving cells in EN-DC: When the UE is configured in EN-DC whether the reconfiguration of the DL and/or UL BWP on any of the NR serving cells may cause interruption on LTE serving cells and on NR serving cells (including the serving cell whose BWP is reconfigured). 

· Interruption on NR serving cells in NR CA: When the UE is configured in carrier aggregation whether the reconfiguration of the DL and/or UL BWP on any of the NR serving cells may cause interruption on NR serving cells (including the serving cell whose BWP is reconfigured). 

The total interruption duration due to BWP switching depends on several factors including:

· BWP switching (values in table 1), 
· the time slot/subframe of the victim serving cell and 
· on whether victim and aggressive serving cells are synchronous or asynchronous wrt each other. 
In the following sections we analyse the interruption requirements in EN-DC and NR standalone operation. 
3.3 Interruption on Victim LTE Serving Cells in EN-DC
According to table 1 the maximum and minimum reconfiguration delays required by type 1 delay capable UE are 600 (s and 400 (s respectively for both FR1 and FR2. The maximum and minimum reconfiguration delays required by type 2 delay capable UE are 2000 (s and 950 (s respectively for both FR1 and FR2.

In intra-band synchronous and inter-band synchronous EN-DC, the MRTD and MTTD are negligibly small (MTTD ≤ 35.21 (s and MRTD ≤ 33(s) compared to the reconfiguration delays for all the 4 scenarios in table 1. Therefore the impact of MRTD or MTTD under intra-band and inter-band synchronous EN-DC will not cause any additional interruption. The reconfiguration delays should be rounded off in terms of number of subframes since the LTE subframe cannot be used for scheduling. Based on these arguments we propose that for type 1 capable UE in all scenarios under intra-band and inter-band synchronous EN-DC the interruption on LTE serving cell shall not exceed 1 subframe in both FR1 and FR2. But for type 2 capable UE under intra-band and inter-band synchronous EN-DC the interruption on LTE serving cell in first three scenarios shall not exceed 2 subframes and in the 4th scenario shall not exceed 1 subframe in both FR1 and FR2. 
In intra-band asynchronous and inter-band asynchronous EN-DC, the MRTD and MTTD depend on NR SCS (max MTTD = 500 (s and MRTD = 500 (s when NR SCS is 15 KHz). The MRTD and MTTD are not negligible compared to the reconfiguration delays for all the 4 scenarios in table 1. Therefore the impact of MRTD or MTTD under intra-band and inter-band synchronous EN-DC shall impact the overall interruption especially for type 1 capable UE and for smaller SCS of the NR aggressor serving cell. For SCS of 15 KHz and for scenarios 1-3, the interruption for type 1 UE shall be up to 1.1 ms and can be rounded off to 2 subframes. But for other SCSs and also for scenario 4 the interruption shall not exceed 1 subframe. In case of type 2 capable UE the maximum interruption shall be 3 subframes for scenarios 1-3 and 2 subframes for scenario 4.
The number of subframes interrupted in LTE serving cell due to reconfiguration of BWP in NR serving cell is summarized in table 2 for scenarios 1-3 and in table 3 for scenario 4.
Table 2: Number of subframes interrupted in LTE serving cell due to reconfiguration of at least the center frequency or bandwidth of the BWP (scenarios # 1, 2 and 3)
	SCS of Aggressor NR serving cell
	Duration of interruption caused by Type 1 capable UE (subframes)
	Duration of interruption caused by Type 2 capable UE (subframes)

	
	Synchronous
	Asynchronous
	Synchronous
	Asynchronous

	15 KHz
	1
	2
	2
	3

	30 KHz
	1
	1
	2
	3

	60 KHz
	1
	1
	2
	3

	120 KHz
	1
	1
	2
	3


Table 3: Number of subframes interrupted in LTE serving cell due to reconfiguration of only the SCS of the BWP (scenario 4)
	SCS of Aggressor NR serving cell
	Duration of interruption caused by Type 1 capable UE (subframes)
	Duration of interruption caused by Type 2 capable UE (subframes)

	
	Synchronous
	Asynchronous
	Synchronous
	Asynchronous

	15 KHz
	1
	1
	1
	2

	30 KHz
	1
	1
	1
	2

	60 KHz
	1
	1
	1
	2

	120 KHz
	1
	1
	1
	2


Observation # 1: Interruption requirements are pre-dominantly independent of the SCS of aggressor NR serving cell except for SCS = 15 KHz in asynchronous EN-DC for Type 1 capable UE. 

However in this anomalous case (asynchronous for Type 1 UE with 15 KHz SCS in table 2) the sum of the reconfiguration delay and MRTD/MTTD is 1.1 ms, which is much closer to 1 subframe rather than 2 subframes. By allowing maximum interruption of 1 ms in this case all the interruption requirements can be defined independent of the SCS of the aggressor NR serving cells. Based on these arguments the proposed requirements are summarized below:
Proposal # 3: The interruption on LTE serving cell due to BWP reconfiguration in any of NR serving cell under EN-DC is defined as follows:

· When a downlink BWP and/or uplink BWP is reconfigured in NR PSCell or in any NR SCell, an interruption on the LTE PCell or any LTE activated SCell shall not exceed:
· 1 subframe provided that the Type 1 capable UE reconfigures the BWP,
· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in synchronous EN-DC,
· 3 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in asynchronous EN-DC,
· 1 subframe provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in synchronous EN-DC,

· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in asynchronous EN-DC.
3.4 Interruption on Victim NR Serving Cells in EN-DC

When the UE is configured in EN-DC the reconfiguration of the DL and/or UL BWP on any of the NR serving cells may cause interruption also on NR serving cells (including the serving cell whose BWP is reconfigured). The interruption duration may also be affected by the MRTD at the UE within the SCG in case the UE is configured with PSCell and one or more NR SCells.  Therefore we consider two main cases:

· When aggressor NR serving cell and victim NR serving cell are the same and

· When aggressor NR serving cell and victim NR serving cell are different:
Case 1: Aggressor NR serving cell and victim NR serving cell are the same:

For simplicity consider a special case where only PSCell is configured. In this case when BWP is reconfigured on the PSCell, the victim (where interruption occurs) is also the PSCell. In this case the interruption time should correspond to the reconfiguration delay expressed in terms of time slots. The same interruption requirements shall also apply when PSCell and one or more SCells are configured, but the aggressor NR serving cell and the victim NR serving cell are the same. 
Observation # 2: Interruption requirements only depends on BWP reconfiguration delay if the aggressor NR serving cell and the victim NR serving cell are the same. 

· Proposal # 4: Interruption on NR serving cell when the UE is configured with only PSCell or with PSCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same is defined as follows:
· When a downlink BWP and/or uplink BWP is reconfigured in PSCell or in any SCell then the interruption on the same serving cell whose BWP is reconfigured shall not exceed:
· K1 slots provided that the Type 1 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K2 slots provided that the Type 1 capable UE reconfigures the BWP by changing only the SCS of the BWP,

· K3 slots provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K4 slots provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP,

Table 4: Interruption length K1, K2, K3 and K4 expressed in slots due to interruption on the same NR serving cell whose BWP is switched 
	[image: image1.wmf]m


	NR Slot length (ms)
	Interruption length (slots)

	
	
	K1
	K2
	K2
	K4

	0
	1
	1
	1
	2
	1

	1
	0.5
	2
	1
	4
	2

	2
	0.25
	3
	2
	8
	4

	3
	0.125
	6
	4
	16
	8


The BWP switching delay should correspond to at least the interruption duration. There is no other factor which should require additional delay beyond the interruption requirements. 
· Proposal # 5: The BWP switching delay is at least equal to the interruption duration.

Case 2: Aggressor NR serving cell and victim NR serving cell are different:

In this case obviously the UE is configured with PSCell and one or more SCells. In this case the MRTD between the victim NR serving cell and the aggressor NR serving cell may lead to increase in the interruption at the victim NR serving cell. The MRTD for CA are not yet finalized. However assuming a largest possible MRTD of 33 (s, which is relevant for FR1, the interruption shall not exceed the BWP reconfiguration delay expressed in terms of time slots. Therefore assuming a worst case MRTD of 33 (s the interruption lengths defined in table 4 shall also apply when NR serving cell and victim NR serving cell are different. 
· Proposal # 6: Interruption requirement in proposal # 4 also apply for the case when the UE configured with PSCell and one or more SCells in EN-DC, cause interruption on serving cell (s) other than the one where the BWP switching occurs.
3.5 Interruption on Victim NR Serving Cells in NR Standalone

In NR standalone the UE is configured with NR PCell or with the NR PCell and one or more NR SCells. If the UE is configured with only PCell or in NR CA and the aggressor NR serving cell and victim NR serving cell are the same, then the interruption requirements proposed in table 4 shall also apply for this scenario. 
If the UE is configured in NR CA and the aggressor NR serving cell and victim NR serving cell are different, then the interruption requirements proposed in table 4 shall also apply for this scenario provided that the impact of the MRTD is negligible. The analysis assumes MRTD does not exceed 33 (s. 
· Proposal # 7: Interruption time due to interruption on NR serving cell when the UE is configured with only PCell or with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same shall be as defined in table 4.
· Proposal # 8: Interruption time due to interruption on NR serving cell when the UE is configured with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are different shall be as defined in table 4 in slots.
4 Summary

In this paper we have analysed the impact of BWP reconfiguration on RRM requirements in terms of interruption on the LTE and NR serving cells in EN-DC and NR standalone operations. The main proposals are expressed below and the CRs to 36.133 and 38.133 are in [9] and [10] respectively:
· Proposal # 1: The BWP switching on a serving cell due to change in center-frequency, RF BW or SCS may also cause interruption on other serving cells in EN-DC and CA. 
· Proposal # 2: Change in only baseband parameter(s) associated with BWP without changing LO, RF BW or SCS will not cause any interruption on any of the serving cells.
· Proposal # 3: UE capable of per-FR gap shall not cause interruption to serving cells in FR other than the one where the BWP switching occurs. 
· Proposal # 4: The interruption on LTE serving cell due to BWP reconfiguration in any of NR serving cell under EN-DC is defined as follows:
· When a downlink BWP and/or uplink BWP is reconfigured in NR PSCell or in any NR SCell, an interruption on the LTE PCell or any LTE activated SCell shall not exceed:

· 1 subframe provided that the Type 1 capable UE reconfigures the BWP,

· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in synchronous EN-DC,
· 3 subframes provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP in asynchronous EN-DC,
· 1 subframe provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in synchronous EN-DC,

· 2 subframes provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP in asynchronous EN-DC.
Proposal # 5: Interruption on NR serving cell when the UE is configured with only PSCell or with PSCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same is defined as follows:

· When a downlink BWP and/or uplink BWP is reconfigured in PSCell or in any SCell then the interruption on the same serving cell whose BWP is reconfigured shall not exceed:

· K1 slots provided that the Type 1 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K2 slots provided that the Type 1 capable UE reconfigures the BWP by changing only the SCS of the BWP,

· K3 slots provided that the Type 2 capable UE reconfigures the BWP by changing at least the bandwidth or the center frequency of the BWP,

· K4 slots provided that the Type 2 capable UE reconfigures the BWP by changing only the SCS of the BWP,

Table 4: Interruption length K1, K2, K3 and K4 of interruption on same serving cell whose BWP is reconfigured when the UE is configured with only PSCell or PSCell and one or more SCells 

	[image: image2.wmf]m


	NR Slot length (ms)
	Interruption length (slots)

	
	
	K1
	K2
	K2
	K4

	0
	1
	1
	1
	2
	1

	1
	0.5
	2
	1
	4
	2

	2
	0.25
	3
	2
	8
	4

	3
	0.125
	6
	4
	16
	8


· Proposal # 6: Interruption requirement in proposal # 4 also apply for the case when the UE configured with PSCell and one or more SCells in EN-DC, cause interruption on serving cell (s) other than the one where the BWP switching occurs.
· Proposal # 7: Interruption time due to interruption on NR serving cell when the UE is configured with only PCell or with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are the same shall be as defined in table 4.
· Proposal # 8: Interruption time due to interruption on NR serving cell when the UE is configured with PCell and one or more SCells and the aggressor NR serving cell and the victim NR serving cell are different shall be as defined in table 4 in slots.
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Annex A: BWP information element defined in TS 38.331

BWP information element

-- ASN1START

-- TAG-BANDWIDTH-PART-START

BWP ::= 






SEQUENCE {


locationAndBandwidth



INTEGER (0..37949),


subcarrierSpacing




SubcarrierSpacing,


cyclicPrefix





ENUMERATED { extended }












OPTIONAL
-- Need R

}

BWP-Uplink ::= 





SEQUENCE {


bwp-Id







BWP-Id,


bwp-Common






BWP-UplinkCommon













OPTIONAL,
-- Need M


bwp-Dedicated





BWP-UplinkDedicated













OPTIONAL,
-- Need M


...

}

BWP-UplinkCommon ::=



SEQUENCE {


genericParameters




BWP,


rach-ConfigCommon




SetupRelease { RACH-ConfigCommon }









OPTIONAL, 
-- Need M


pusch-ConfigCommon




SetupRelease { PUSCH-ConfigCommon }









OPTIONAL, 
-- Need M


pucch-ConfigCommon




SetupRelease { PUCCH-ConfigCommon }









OPTIONAL, 
-- Need M


...

}

BWP-UplinkDedicated ::= 


SEQUENCE {


pucch-Config





SetupRelease { PUCCH-Config }










OPTIONAL, 
-- Need M


pusch-Config





SetupRelease { PUSCH-Config }










OPTIONAL, 
-- Cond SetupOnly


configuredGrantConfig



SetupRelease { ConfiguredGrantConfig }








OPTIONAL, 
-- Need M


srs-Config






SetupRelease { SRS-Config }











OPTIONAL, 
-- Need M


beamFailureRecoveryConfig


SetupRelease { BeamFailureRecoveryConfig }







OPTIONAL,
-- Cond SpCellOnly


...

}

BWP-Downlink ::= 




SEQUENCE {


bwp-Id







BWP-Id,


bwp-Common






BWP-DownlinkCommon













OPTIONAL,
-- Need M


bwp-Dedicated





BWP-DownlinkDedicated












OPTIONAL,
-- Need M


...

}

BWP-DownlinkCommon ::=



SEQUENCE {


genericParameters




BWP,


pdcch-ConfigCommon




SetupRelease { PDCCH-ConfigCommon }









OPTIONAL,
-- Need M


pdsch-ConfigCommon




SetupRelease { PDSCH-ConfigCommon }









OPTIONAL,
-- Need M


...

}

BWP-DownlinkDedicated ::= 


SEQUENCE {


pdcch-Config





SetupRelease { PDCCH-Config }










OPTIONAL,
-- Need M


pdsch-Config





SetupRelease { PDSCH-Config }










OPTIONAL,
-- Need M 


sps-Config






SetupRelease { SPS-Config }











OPTIONAL, 
-- Need M


radioLinkMonitoringConfig


SetupRelease { RadioLinkMonitoringConfig }







OPTIONAL,
-- Need M


...

}

PAGE  
1

