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1 Introduction
In RAN4#86bis, aspects related to the RRM requirements due to BWP switching were extensively discussed [1-6]. A WF to study interruption requirements for BWP switching was approved [7]. This is related to BWP switching delays, which were agreed and captured in the previous approved LS to RAN1 (cc: RAN2), [8]. RAN4 needs to specify the RRM requirements affected due to the BWP switching.
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


In the WF in [7] RAN4 also identified the following additional potential scenario # 5, where only baseband parameter is changed without changing LO, RF BW or SCS.
· Investigate whether BWP switching due to change in only baseband parameter(s) without changing LO, RF BW or SCS will cause any interruption and the interruption time (if the procedure is supported and the interruption occurs). 

· Additionally investigate if changing baseband parameters without BWP switch will need interruptions (if the procedure is supported).

3 Interruption Requirements due to BWP Switching
3.1 Interruption scenarios

According to the approved WF the BWP switching shall cause interruption on at least a serving carrier on which the BWP is switched. Therefore interruption delay needs to be specified for the serving cell whose BWP is switched. 
RAN4 needs to further analyse whether the reconfiguration of the DL BWP and/or UL BWP on one NR serving cell may cause interruption on other serving cells, which can be any of PCell, PSCell and activated SCell(s).
More specifically:

· 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). 

BWP switching in scenarios 1-3 (table 1) results in change on RF BW or center-frequency, which are similar to Scell activation/deactivation from the RF BW perspective. In scenario 4, the change in SCS will lead to change in the sampling rate, which may cause interruption on other serving cells due to harmonics. Therefore in all scenarios 1-4, there will be interruption on other serving cells.
The potential scenario #5 (in section 2) where only baseband parameter is changed is similar to reconfiguration of any baseband parameters (e.g. SRS configuration) via DCI, MAC or RRC configuration. We don’t see any reason that any change, addition or removal of any baseband parameter should cause any interruption.
· 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.
The total interruption duration due to BWP switching depends on:

· 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. 
3.2 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.
3.3 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


Table 5: Interruption length K1’, K2’, K3’ and K4’ expressed in symbols due to interruption on the same NR serving cell whose BWP is switched 
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	NR Slot length (ms)
	Interruption length (symbols)

	
	
	K1’
	K2’
	K2’
	K4’

	0
	1
	9
	6
	28
	14

	1
	0.5
	17
	12
	56
	27

	2
	0.25
	34
	23
	112
	54

	3
	0.125
	68
	45
	224
	107


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. 
Table 6 expresses the interruption lengths for 4 different cases in number of symbols. Difference between the number of interrupted symbols in table 5 and table 6 is minor. 
Table 6: Interruption length K1’’, K2’’, K3’’ and K4’’ expressed in symbols due to interruption on victim serving cell same serving cell whose BWP is reconfigured when the UE is configured with PSCell or PCell and one or more SCells 
	[image: image3.wmf]m


	NR Slot length (ms)
	Interruption length (symbols)

	
	
	K1’
	K2’
	K2’
	K4’

	0
	1
	9
	7
	29
	14

	1
	0.5
	18
	13
	57
	28

	2
	0.25
	36
	25
	114
	56

	3
	0.125
	71
	49
	228
	111


3.4 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 or table 5 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. If the interruption requirements are to be expressed in symbols then the proposed values in table 6 shall apply for NR CA case. The analysis assumes MRTD does not exceed 33 (s. 
· Proposal # 5: 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 in slots or alternatively in table 5 in symbols.
· Proposal # 6: 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 or alternatively in table 6 in symbols.
3.5 Impact on reception/transmission of signals after BWP switching 
RAN4 also identified another potential issue whether there is any impact on reception and/or transmission of signals in symbols occurring immediately after the BWP switching is completed:
Investigate whether there is any problem for the UE to transmit and/or receive signals in one or more time resources (symbols or slots) occurring immediately after the interruption time due to BWP switching e.g.

· any impact on channel estimation,

· any possible impact on measurements,

· analysis to identify other possible impacts is not precluded.
More specially whether channel estimation or measurements in symbols immediately after the interruption duration will be impacted. The UE can be configured with DMRS for demodulation of PDSCH in a symbol immediately after the interruption. Therefore the UE can estimate the channel after interruption for the demodulation. 
The measurement requirements are based on assumptions that SSB or CSI-RS (for CSI-RS based measurements) are available at the UE while meeting certain side conditions. We therefore don’t see any impact on the measurements provided the SSB or CSI-RS are not interrupted due to BWP switching.
3.6 Unit to express interruption duration 

It was agreed that the interruption on the LTE serving cell shall be expressed in subframes. However whether to express interruption on NR serving cells in slots or symbols needs further investigation. Firstly in our view it is more simpler approach to define the interruption time in terms of slots. This is also consistent with other interruption requirements e.g. due to DRX, activation/deactivation etc. Thirdly as pointed out in [3], that the numerology change due to BWP switching should be done any arbitrary boundary and should be aligned with subframe boundary. 
Another issue is whether the interruption time is based on SCS before BWP switching or after BWP switching if the SCS is changed. This is important for the clarity and interpretation of the requirements. We have slight preference to express the interruption time in terms of the SCS after the BWP switching if the SCS is changed. 
· Proposal # 7: Interruption duration due to BWP switching is expressed in terms of slots for NR serving cells.
· Proposal # 8: The interruption duration corresponds to the SCS after the BWP switching if the BWP switching results in the SCS change.
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: 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 # 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 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 
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	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 # 3: 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 the same as defined in table 4.

Proposal # 4: 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 different same shall be as defined in table 4 provided that MRTD in NR CA does not impact the interruption.

Proposal # 5: 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 in slots (or alternatively in table 5 in symbols).

Proposal # 6: 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 (or alternatively in table 6 in symbols).

Proposal # 7: Interruption duration due to BWP switching is expressed in terms of slots for NR serving cells.
Proposal # 8: The interruption duration corresponds to the SCS after the BWP switching if the BWP switching results in the SCS change.
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