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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN1#92b meeting, an LS [1] was agreed, asking RAN4 to specify the delay requirement for BWP switching. The description and actions in the LS is captured below:
	1. Overall Description:
RAN1 discussed how to specify active BWP switching delay and has achieved the following agreements.
	Agreements:
· It’s RAN1’s understanding that the active DL (or UL) BWP switching delay (i.e. T μs) for two types of UE capability will be specified in RAN4 specs.



2. Actions:
To RAN4 group
ACTION:
RAN1 respectfully asks RAN4 to take the above information into account for specification works.


In this paper, we discuss how the delay requirement is to be captured in RAN4 spec. 
2	Discussion
In RAN1#92 meeting, the following agreements were achieved [2]. In short, the beginning and end of the BWP switching duration were clearly specified.
	Agreements:
· A UE is not expected to receive DL signals or transmit UL signals during the transition time of active DL or UL BWP switch
· For DCI-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the end of last OFDM symbol of the PDCCH carrying the active BWP switch DCI till the beginning of a slot indicated by K0 in the active DL BWP switch DCI or K2 in the active UL BWP switch DCI
· For timer-based active BWP switch, from RAN1 perspective, the transition time of active DL or UL BWP switch is the time duration from the beginning of the subframe (FR1) or from the beginning of the half-subframe (FR2) immediately after a BWP timer expires till the beginning of a slot UE is able to receive DL signals or transmit UL signals in the default DL BWP for paired spectrum or the default DL or UL BWP for unpaired spectrum



In RAN4#86 meeting, an LS [3] was agreed on 2 types of BWP switching delays for 4 different scenarios in both FR1 and FR2, as shown in Table 1.
[bookmark: _Ref510033351]Table 1: BWP switching delay parameters
	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



The 4 scenarios are
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.

If we jointly consider both agreements in RAN1 and RAN4, then time lines can be illustrated in Figure 1 for DCI-based switching and in Figure 2 for timer-based switching.

[image: ]
[bookmark: _Ref510033521]Figure 1: Time line for DCI-based BWP switching delay 

[image: ]
[bookmark: _Ref510033544]Figure 2: Time line for timer-based BWP switching delay
Some observations from above figures are provided below:
· The starting time is different for DCI-based and timer-based BWP switching.
· The starting time for DCI-based BWP switching depends on the number of OFDM symbol carrying the BWP switching command.
· The starting time for timer-based BWP switching is on beginning of the subframe (FR1) or half-subframe (FR2).
· The ending time is always at the beginning of a slot
Based on above observations, we made some calculations in Table 2 on the number of slots required for different UE types, scenarios, number of PDCCH symbols and SCSs. The total delay plus PDCCH (in us) is also rounded up by using unit of slot for different SCSs. The results for zero PDCCH symbol can be used for timer-based BWP switching. 
[bookmark: _Ref513538297]Table 2 number of required slot for BWP switching
	Type 1
	Scenario
	Delay (us)
	# of PDCCH symbol 
	15KHz
	30KHz
	60KHz
	120KHz

	
	
	
	
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)

	
	1, 2 and 3
	600
	0
	600
	1
	600
	2
	600
	3
	600
	5

	
	
	
	1
	672
	1
	636
	2
	618
	3
	609
	5

	
	
	
	2
	744
	1
	672
	2
	636
	3
	618
	5

	
	
	
	3
	816
	1
	708
	2
	654
	3
	627
	6

	
	Scenario
	Delay (us)
	# of PDCCH symbol
	15KHz
	30KHz
	60KHz
	120KHz

	
	
	
	
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)

	
	4 only
	400
	0
	400
	1
	400
	1
	400
	2
	400
	4

	
	
	
	1
	472
	1
	436
	1
	418
	2
	409
	4

	
	
	
	2
	544
	1
	472
	1
	436
	2
	418
	4

	
	
	
	3
	616
	1
	508
	2
	454
	2
	427
	4

	Type 2
	Scenario
	Delay (us)
	# of PDCCH symbol
	15KHz
	30KHz
	60KHz
	120KHz

	
	
	
	
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)

	
	1, 2 and 3
	2000
	0
	2000
	2
	2000
	4
	2000
	8
	2000
	16

	
	
	
	1
	2072
	3
	2036
	5
	2018
	9
	2009
	17

	
	
	
	2
	2144
	3
	2072
	5
	2036
	9
	2018
	17

	
	
	
	3
	2216
	3
	2108
	5
	2054
	9
	2027
	17

	
	Scenario
	Delay (us)
	# of PDCCH symbol
	15KHz
	30KHz
	60KHz
	120KHz

	
	
	
	
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)
	delay + PDCCH
 (in us)
	delay + PDCCH
 (in slot)

	
	4 only
	950
	0
	950
	1
	950
	2
	950
	4
	950
	8

	
	
	
	1
	1022
	2
	986
	2
	968
	4
	959
	8

	
	
	
	2
	1094
	2
	1022
	3
	986
	4
	968
	8

	
	
	
	3
	1166
	2
	1058
	3
	1004
	5
	977
	8



As can be seen, different number of control OFDM symbol may lead to different number of slot required for BWP switching. To simplify the specification, we can consider 0 control OFDM symbols in the requirements for timer-based BWP switching and 3 control OFDM symbols in the requirements for DCI-based BWP switching. The proposed requirements are specified in Table 3.
[bookmark: _Ref513544013]Table 3 Proposed requirements for BWP switching delay
	Triggering type
	UE type
	Scenario
	Delay (us)
	Total (in slot)

	
	
	
	
	15KHz
	30KHz
	60KHz
	120KHz

	Timer-based
	1
	1, 2, 3
	600
	1
	2
	3
	5

	
	
	4
	400
	1
	1
	2
	4

	
	2
	1, 2, 3
	2000
	2
	4
	8
	16

	
	
	4
	950
	1
	2
	4
	8

	DCI-based
	1
	1, 2, 3
	600
	1
	2
	3
	6

	
	
	4
	400
	1
	2
	2
	4

	
	2
	1, 2, 3
	2000
	3
	5
	9
	17

	
	
	4
	950
	2
	3
	5
	8



[bookmark: _Ref513544171]Proposal 1: RAN4 to consider below table for the delay requirements for BWP switching
	Triggering type
	UE type
	Scenario
	Delay (us)
	Total (in slot)

	
	
	
	
	15KHz
	30KHz
	60KHz
	120KHz

	Timer-based
	1
	1, 2, 3
	600
	1
	2
	3
	5

	
	
	4
	400
	1
	1
	2
	4

	
	2
	1, 2, 3
	2000
	2
	4
	8
	16

	
	
	4
	950
	1
	2
	4
	8

	DCI-based
	1
	1, 2, 3
	600
	1
	2
	3
	6

	
	
	4
	400
	1
	2
	2
	4

	
	2
	1, 2, 3
	2000
	3
	5
	9
	17

	
	
	4
	950
	2
	3
	5
	8



3	Updated scenarios for BWP switching
In RAN#86 meeting, the BWP switching delays were agreed for the 4 scenarios and 2 UE types, as in Table 1. However, the detail BWP configurations was not clear in TS38.331 (version 15.0.0) at that time. Therefore, only the RF re-tuning and SCS changing were considered, when defining BWP switching delay requirements. 
After the release of version 15.1.0 of TS38.331, the detail BWP configurations become clear, as captured in Appendix. It can be seen that the BWP configuration includes not only the RF parameters and SCS, but also a lots of baseband parameters for both UL and DL BWPs, e.g., RACH, PUSCH, PUCCH, SRS, beam failure recovery, PDCCH, PDSCH, SPS, RLM, … . Therefore, it would be necessary to clarify:
1) The delay of the 5th scenario: BWP switching involving only baseband parameter changes 
2) Whether the agreed 4 scenarios involves baseband parameter changes

There are many baseband parameters in a BWP configuration. Some may be critical to the BWP delay and the other may not. It is very difficult to study them one-by one on the impact to BWP switching delay and it is even more infeasible to study all their combinations. To simplify the requirement, we think the delay requirement for scenario 1 can be directly re-used for the 5th scenario.
[bookmark: _Ref513557543]Proposal 2: Add a 5th scenario to the requirement of the BWP switching delay, which involves only baseband parameter changes. The values of delay is the same as scenario 1 for both Type A and Type B UE.

If above proposal is agreeable, then it is straightforwardly consider changes of baseband parameters also in scenario 1, 2 and 3. Therefore, the updated scenarios becomes
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 and baseband parameters.
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 and baseband parameters.
[bookmark: _GoBack]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 and baseband parameters.
Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency, and BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.

[bookmark: _Ref513557547]Proposal 3: Update the BWP configurations as follows:
Scenario 1: The reconfiguration involves changing the center frequency and baseband parameters 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 and baseband parameters of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing the BW, the center frequency and baseband parameters 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, BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.

4	Conclusions
In the contribution, we provide our view on the requirement of BWP switching delay and update scenarios due to the consideration of baseband parameter changes in the BWP configuration. We have the following proposals:
Proposal 1: RAN4 to consider below table for the delay requirements for BWP switching
	Triggering type
	UE type
	Scenario
	Delay (us)
	Total (in slot)

	
	
	
	
	15KHz
	30KHz
	60KHz
	120KHz

	Timer-based
	1
	1, 2, 3
	600
	1
	2
	3
	5

	
	
	4
	400
	1
	1
	2
	4

	
	2
	1, 2, 3
	2000
	2
	4
	8
	16

	
	
	4
	950
	1
	2
	4
	8

	DCI-based
	1
	1, 2, 3
	600
	1
	2
	3
	6

	
	
	4
	400
	1
	2
	2
	4

	
	2
	1, 2, 3
	2000
	3
	5
	9
	17

	
	
	4
	950
	2
	3
	5
	8



Proposal 2: Add a 5th scenario to the requirement of the BWP switching delay, which involves only baseband parameter changes. The values of delay is the same as scenario 1 for both Type A and Type B UE.
Proposal 3: Update the BWP configurations as follows: 
Scenario 1: The reconfiguration involves changing the center frequency and baseband parameters 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 and baseband parameters of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing the BW, the center frequency and baseband parameters 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, BW and baseband parameters of the BWP remain unchanged. 
Scenario 5: The reconfiguration involves changing only baseband parameters, where the center frequency, BW and SCS of the BWP remain unchanged.
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6	Appendix
[bookmark: _Toc510018581]–	BWP
The BWP IE is used to configure a bandwidth part as defined in 38.211, section 4.2.2. 
For each serving cell the network configures at least an initial bandwidth part comprising of at least a downlink bandwidth part and one (if the serving cell is configured with an uplink) or two (if using supplementary uplink (SUL)) uplink bandwidth parts. Furthermore, the network may configure additional uplink and downlink bandwidth parts for a serving cell.
The bandwidth part configuration is split into uplink and downlink parameters and into common and dedicated parameters. Common parameters (in BWP-UplinkCommon and BWP-DownlinkCommon) are ”cell specific” and the network ensures the necessary alignment with corresponding parameters of other UEs. The common parameters of the initial bandwidth part of the PCell are also provided via system information. For all other serving cells, the network provides the common parameters via dedicated signalling.
BWP information element
-- ASN1START
-- TAG-BANDWIDTH-PART-START


[bookmark: _Hlk493885487]-- Generic parameters used in Uplink- and Downlink bandwidth parts
BWP ::= 					SEQUENCE {
	-- Frequency domain location and bandwidth of this bandwidth part defined commonly in a table (FFS_Section). The location is given as 
	-- distance (in number of PRBs) to point A (absoluteFrequencyPointA in FrequencyInfoDL). 
	-- Corresponds to L1 parameter 'DL-BWP-loc'. (see 38.211, section FFS_Section).		
	-- In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same location (see 38.211, section REF)
[bookmark: _Hlk508205468]	locationAndBandwidth			INTEGER (0..37949),
	-- Subcarrier spacing to be used in this BWP for all channels and 
	-- reference signals unless explicitly configured elsewhere.
	-- Corresponds to subcarrier spacing according to 38.211, Table 4.2-1. 
	-- The value kHz15 corresponds to µ=0, kHz30 to µ=1, and so on. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are 
	-- applicable.
	subcarrierSpacing				SubcarrierSpacing,
[bookmark: _Hlk503891113]	-- Indicates whether to use the extended cyclic prefix for this bandwidth part. If not set, the UE uses the normal cyclic prefix. 
	-- Normal CP is supported for all numerologies and slot formats. Extended CP is supported only for 60 kHz subcarrier spacing. 
	-- (see 38.211, section 4.2.2)
	cyclicPrefix					ENUMERATED { extended }														OPTIONAL	-- Need R
}

BWP-Uplink ::= 			SEQUENCE {
	-- An identifier for this bandwidth part. Other parts of the RRC configuration use the BWP-Id to associate themselves with a particular
	-- bandwidth part. The BWP ID=0 is always associated with the initial BWP and may hence not be used here (in other bandwidth parts).
	-- The NW may trigger the UE to swtich UL or DL BWP using a DCI field. The four code points in that DCI field map to the RRC-configured 
	-- BWP-ID as follows: For up to 3 configured BWPs (in addition to the initial BWP) the DCI code point is equivalent to the BWP ID 
	-- (initial = 0, first dedicated = 1, ...). If the NW configures 4 dedicated bandwidth parts, they are identified by DCI code 
	-- points 0 to 3. In this case it is not possible to switch to the initial BWP using the DCI field.
	-- Corresponds to L1 parameter 'UL-BWP-index'. (see 38.211, 38.213, section 12)
	bwp-Id								BWP-Id,
	bwp-Common							BWP-UplinkCommon														OPTIONAL,	-- Need M
	bwp-Dedicated						BWP-UplinkDedicated														OPTIONAL,	-- Need M
	...
}

BWP-UplinkCommon ::=				SEQUENCE {
	genericParameters					BWP,
	-- Configuration of cell specific random access parameters which the UE uses for contention based and contention free random access
	-- as well as for contention based beam failure recovery. 
	rach-ConfigCommon					SetupRelease { RACH-ConfigCommon }										OPTIONAL, 	-- Need M
	-- Cell specific parameters for the PUSCH
	pusch-ConfigCommon					SetupRelease { PUSCH-ConfigCommon }										OPTIONAL, 	-- Need M
	
	-- Cell specific parameters for the PUCCH
	pucch-ConfigCommon					SetupRelease { PUCCH-ConfigCommon }										OPTIONAL, 	-- Need M
	...
}

BWP-UplinkDedicated ::= 	SEQUENCE {
	-- PUCCH configuration for one BWP of the regular UL or SUL of a serving cell. If the UE is configured with SUL, the network 
	-- configures PUCCH only on the BWPs of one of the uplinks (UL or SUL).
	pucch-Config						SetupRelease { PUCCH-Config }											OPTIONAL, 	-- Need M
	-- PUSCH configuration for one BWP of the regular UL or SUL of a serving cell. If the UE is configured with SUL and
	-- if it has a PUSCH-Config for both UL and SUL, a carrier indicator field in DCI indicates for which of the two to use an UL grant.
	-- See also L1 parameter 'dynamicPUSCHSUL' (see 38.213, section FFS_Section)
	pusch-Config						SetupRelease { PUSCH-Config }											OPTIONAL, 	-- Need M
	-- A Configured-Grant of typ1 or type2. It may be configured for Ul or SUL but in case of type1 [FFS also type2] not for both at a time.
	configuredGrantConfig				SetupRelease { ConfiguredGrantConfig }									OPTIONAL, 	-- Need M
	-- Uplink sounding reference signal configuration
	srs-Config							SetupRelease { SRS-Config }												OPTIONAL, 	-- Need M
	-- Determines how the UE performs Beam Failure Recovery upon detection of a Beam Failure (see RadioLinkMonitoringConfig)
	beamFailureRecoveryConfig			SetupRelease { BeamFailureRecoveryConfig }								OPTIONAL,	-- Need M
	...
}


BWP-Downlink ::= 					SEQUENCE {
	-- An identifier for this bandwidth part. Other parts of the RRC configuration use the BWP-Id to associate themselves with a particular
	-- bandwidth part. The BWP ID=0 is always associated with the initial BWP and may hence not be used here. (in other bandwidth parts).
	-- The NW may trigger the UE to swtich UL or DL BWP using a DCI field. The four code points in that DCI field map to the RRC-configured 
	-- BWP-ID as follows: For up to 3 configured BWPs (in addition to the initial BWP) the DCI code point is equivalent to the BWP ID 
	-- (initial = 0, first dedicated = 1, ...). If the NW configures 4 dedicated bandwidth parts, they are identified by DCI code 
	-- points 0 to 3. In this case it is not possible to switch to the initial BWP using the DCI field.
	-- Corresponds to L1 parameter 'DL-BWP-index'. (see 38.211, 38.213, section 12)
	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
[bookmark: _Hlk508822717]	radioLinkMonitoringConfig			SetupRelease { RadioLinkMonitoringConfig }								OPTIONAL,	-- Need M
	...
}


-- TAG-BANDWIDTH-PART-STOP 
-- ASN1STOP
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