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Introduction
Discussion about the RRM part of BWP switching has been going on for the last two RAN4 meetings. In the previous meeting a way forward was agreed in [1]. Details of the discussion have been about the interruption/delay that BWP switching causes to the transmission on cell where BWP is switched, and interruptions that are caused to other cells. In this contribution we continue the discussion taking into account different BWP switching types.
Background
The main contents of the way forward [1] regarding the timeline of BWP switching, delay and interruptions are repeated below.
	Way forward – General
· In the RAN4# 88 meeting, companies are encouraged to check the agreements listed in background page and consolidate the common RAN4 understanding on following time units
· Transition time of BWP switch (In RAN1 agreement in Annex A)
· BWP switching delay (in RAN4 reply LS R4-1803283)
· Interruption duration due to BWP switching (in RAN4 WF 4-1805540)
and how the corresponding UE actions are concluded in above time unites, e.g.,
· DCI decoding
· RF/BB parameter calculating and loading
· Applying the new parameters 
· Depending on the conclusions, RAN4 identifies if any update of the RAN1/RAN4 agreement is needed
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Way forward – Delay
· Agreement during online session
· BWP switch delay requirement is specified in the unit of slot of the serving cell, if the requirement is defined
· The reference SCS when SCS changes from SCS1 to SCS2 is the lager SCS
· FFS whether to allow additional BWP switching delay for UE channel estimation
· Determine in the next meeting the BWP switching delay when only baseband parameters (including DL and UL) are involved
· Option 1: Same as the delay needed for the BWP switching with RF re-tuning
· Option 2: Same as the delay needed for the BWP switching with SCS change only
Way forward – Interruptions
· 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.




In RAN1#91 meeting, RAN1 agreed the following about BWP switching time (Transition time of BWP switch):
	· 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, RAN4 agreed BWP switching delays consisting of RF and BB delay for four different scenarios [2] (BWP switching delay): 
	· 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.
· Table 1: BWP switching delays.
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Note: the numbers in the table are calculated from the end of the last symbol including the DCI indicating the BWP switch and until BB processing delay and RF transition time has been completed.




BWP switching delay
BWP switching delay is the delay on the cell where BWP is switched. As we have proposed already in the last meeting, in our view BWP switching delay requirement should be defined in a separate section in TS 38.133.
BWP switching delay requirements are defined in a separate section in TS 38.133.
Until now, the discussion about BWP switching requirements has been only about DCI-based and timer-based BWP switching which have been introduced by RAN1. However, RAN2 has now also introduced RRC-based BWP-switching, which has not yet been discussed by RAN4. All the details of RRC-based BWP switching are not clear in RAN2 yet, but in the end, RAN4 would need to define requirements also for RRC-based BWP switching.
BWP switching requirements are needed for:
· DCI-based BWP switching
· Timer-based BWP switching
· RRC-based BWP switching
In the following we analyse the delay requirements for different types of BWP switching separately.
DCI- and timer-based BWP switching
For DCI-based and timer-based BWP switching, the delays agreed in the RAN4 LS [2] for Type 1 and Type 2 UEs should be adopted. However, as RAN4 agreed that the BWP switching delay requirement will be defined in the unit of slots, there is a slight difference in the delay for DCI-based and timer-based switching. 
For timer-based switch, the delay in slots can simply be calculated using the times agreed in the LS [2], as the switch begins at the beginning of the first slot of a subframe (FR1) or at the beginning of the slot of a half-subframe (FR2) immediately after a BWP timer expires. Timer-based BWP switching delay in slots is shown below in Table 2.
Table 2: BWP switching delay for timer-based switch.
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [us]
	Delay [slots]
	Delay [us]
	Delay [slots]
	Delay [us]
	Delay [slots]
	Delay [us]
	Delay [slots]

	0
	1
	600
	1
	400
	1
	2000
	2
	950
	1

	1
	0.5
	
	2
	
	1
	
	4
	
	2

	2
	0.25
	
	3
	
	2
	
	8
	
	4

	3
	0.125
	
	5
	
	4
	
	16
	
	8



DCI-based switching begins at the end of the last symbol including the DCI indicating the BWP switch. Thus, when the time is calculated in slots, for DCI-based switching, the total delay in slots may depend on the PDCCH symbol where DCI is sent, as discussed in the last meeting in [3]. DCI can occur in the three first symbols of a slot. Therefore, in the worst-case scenario, when DCI is in the third symbol, the delay is calculated only from the end of the third symbol, and this impacts the number of slots that are interrupted for some SCS. Table 3 below shows the delay for DCI-based switching according to above defined worst-case scenario i.e. three symbols are added on top of the BWP switching time to get the total number of interrupted slots. Even though DCI may also occur in first or second symbol, we think it is sufficient to introduce DCI-based BWP switching delay requirements based on the worst-case scenario.
Table 3: BWP switching delay for DCI-based switch.
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay from slot boundary [us]
	Delay [slots]
	Delay from slot boundary [us]
	Delay [slots]
	Delay from slot boundary [us]
	Delay [slots]
	Delay from slot boundary [us]
	Delay [slots]

	0
	1
	816
	1
	616
	1
	2216
	3
	1166
	2

	1
	0.5
	708
	2
	508
	2
	2108
	5
	1058
	3

	2
	0.25
	654
	3
	454
	2
	2054
	9
	1004
	5

	3
	0.125
	627
	6
	427
	4
	2027
	17
	977
	8



In the last meetings it has been discussed whether an additional channel estimation delay is needed on top of the BWP switching delay as agreed in [2], or can the UE receive and be scheduled immediately after the BWP switch. Based on the discussion in the last meeting, it seemed agreeable to most companies that after BWP switch, the UE can be scheduled immediately, because DMRS are contained/included within the PDCCH and PDSCH to be decoded in the first slot after BWP switch. Therefore, it is assumed that the channel estimation can be extracted based on the propagation channel parameters from source BWP and this applies after the switch in the target BWP, if both BWPs are transmitted from the same TRP. With this assumption, there is no additional RRM delay following a BWP switch, and the BWP switching delays as calculated in Table 2 and Table 3 should be adopted. 
Additional channel estimation delay is not needed in addition to the BWP switching delay requirements. 
However, it remained unclear whether there are any restrictions for scheduling considering the MCS that can be used immediately after BWP switch. RAN4 should discuss whether any restrictions are needed, and how the requirements should be formulated in case only lower MCS can be used for some time after BWP switch. For example, due to large BW difference of source BWP and target BWP, the estimated propagation parameters and therefore channel estimate may not be fully ideal.   
RAN4 shall discuss whether there are any scheduling restrictions after BWP switch.
Such restrictions should anyhow not be part of the BWP switching delay, so we propose to use the values from Table 2 for timer-based BWP switching delay and values from Table 3 for DCI-based BWP switching delay.
For timer-based BWP switching delay, use the following values:
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [slots]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	0
	1
	1
	1
	2
	1

	1
	0.5
	2
	1
	4
	2

	2
	0.25
	3
	2
	8
	4

	3
	0.125
	5
	4
	16
	8



For DCI-based BWP switching delay, use the following values:
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [slots]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	0
	1
	1
	1
	3
	2

	1
	0.5
	2
	2
	5
	3

	2
	0.25
	3
	2
	9
	5

	3
	0.125
	6
	4
	17
	8



The delays proposed apply for scenarios 1-4, but it was left open under which scenario BWP switch where only BB parameters are changed falls. As this case does not have any RF change, in our view this should fall under scenario 4. Therefore, requirements for scenario 4 should apply also for this case.
BWP switch where only BB parameters are changed falls under scenario 4.
RRC-based BWP switching
Due to the introduction of various BWP capabilities by RAN1 feature list (see RP-181484), RAN2 has been discussing on the details of RRC-based BWP switching (i.e. 6-1 in the capability definitions) in addition to the DCI-based BWP switching. Therefore, RAN4 should also define requirements for those cases, especially since the 6-1 is a mandatory UE capability.
There are two obvious cases where RAN4 requirements seem needed: 
1) Handover 
2) BWP change via RRC. 
We note that RAN2#102 has made the following general agreements (based on R2-1808645 and R2-1808587) concerning BWP operations: 
Agreements
1: 	Upon synchronous reconfiguration (P/SCell addition or handover), UE performs random access on the first active BWP.
2: 	In case of synchronous reconfiguration or SCell addition, firstActiveDownlink BWP-Id and firstActiveUplinkBWP-Id are mandatory present (if the Downlink/Uplink exists for that SCell). (Field may be optional and a condition to require it to be present - to be finalised in ASN.1)
3: 	RAN2 understanding that the common part of initial BWP configured with the dedicated signalling should be the same as initial BWP configured with the MIB+SIB1.
=>	For SpCells, we will not support the first active in an RRCReconfiguration without sync. 

These agreements basically state that barring special circumstances, the first active BWP is the BWP used by UE during CONNECTED mode, and the UE does random access towards first active BWP during handover. Further, for PCell and PSCell, BWPs can be changed only via handover. This means that the BWP switching anyway incurs a data interruption, but since such interruptions are part of the normal handover requirements, they could be fully subsumed to those requirements.
BWP switching via RRC for PCell and PSCell follows handover procedure, which involves some data interruption.
We would also note that there is also a third case for RRC-based BWP switching that was not yet discussed in RAN2 (see R2-1810032 to the current RAN2 AH): Initial access for NR stand-alone. It is currently not clear whether UE could access the first active BWP during initial access or whether it should finish the initial access using only the initial BWP.
The role of BWP switching during initial access is still unclear in RAN2.
From RAN2 perspective, it is not yet clear whether the UE should switch from initial BWP to first active BWP before or after Msg5 during initial access, which leads to two possible scenarios as shown in Figure 1 below.
[image: ]
Figure 1. BWP usage possibilities in initial access
While RAN2 has to conclude with the discussion, it is foreseen that RAN4 may need to provide requirements for this case: Regardless of whether UE switches the BWP before or after Msg5, some BWP switching delay may occur and should be taken into account.
Observation 5: RAN4 may need to provide some (new) requirements for initial access concerning BWP switching from initial BWP to first active BWP.
It may be possible to entirely include the BWP switching in the RRC processing delays, since the BWP switching would be part of the RRC configuration anyway. This would be the easiest way forward for RAN4 requirements viewpoint, but is not clear yet as RAN2 has not yet even agreed to the RRC processing delays. Therefore, we propose to wait for RAN2 to finalize the discussion on RRC-based BWP switching before RAN4 can agree on the needed requirements.
Wait for RAN2 agreements on RRC-based BWP switching before introducing RAN4 requirements.

We have made a text proposal how to capture BWP switching delay for timer- and DCI-based switching in a CR in [4]. Requirements for RRC-based BWP switching can be added when RAN2 details are clear.
Interruptions to other cells
RAN4 agreed that interruptions to other cells are caused by BWP switching at least in Scenarios 1-3. Whether interruptions are caused by Scenario 4 and which cells are interrupted was left open.
As Scenario 4 does not contain any RF change, we do not see a need for interruptions to other cells due to this scenario. We propose not to introduce interruption requirements due to Scenario 4, meaning SCS change or BB parameter change without changing the BW or center frequency.
Interruptions to other cells are not allowed for Scenario 4.
Cells that may be victims to interruption due to BWP switching may be:
· NR cells in the same FR
· LTE cells in the same FR
· NR cells in different FR
· LTE cells in different FR
In our view interruptions due to BWP switch should only cause interruptions to cells on the same FR. Whether interruptions are needed for cells in a different FR is not clear, but in our view it should be sufficient to allow interruptions only for the same FR. 
Interruptions are allowed for Scenario 1-3 for cells in the same FR.
Considering interruption duration, as we have proposed in the previous meetings, we do not think other cells need to be interrupted for the whole BWP switching delay duration. In our view, interruption duration should be based on the RF related actions during BWP switch, and should thus be of similar duration as other NR interruptions. Interruption duration similar to interruptions caused by SCell activation delay seem reasonable and we propose to use these values.

Interruption duration for SCell activation is reused for BWP switching scenarios 1-3 for other cells.
Interruption requirements should be defined under the interruption section in TS 38.133.
Conclusion
In this contribution we have discussed BWP switching delay and interruption requirements for DCI-, timer- and RRC-based BWP switching. We have made the following proposals and observations:
1. BWP switching delay requirements are defined in a separate section in TS 38.133.
1. BWP switching requirements are needed for:
· DCI-based BWP switching
· Timer-based BWP switching
· RRC-based BWP switching
Additional channel estimation delay is not needed in addition to the BWP switching delay requirements. 
RAN4 shall discuss whether there are any scheduling restrictions after BWP switch.
For timer-based BWP switching delay, use the following values:
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [slots]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	0
	1
	1
	1
	2
	1

	1
	0.5
	2
	1
	4
	2

	2
	0.25
	3
	2
	8
	4

	3
	0.125
	5
	4
	16
	8



For DCI-based BWP switching delay, use the following values:
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	NR Slot length (ms)
	Type 1 UE, Scenario 1, 2, 3
	Type 1 UE, Scenario 4
	Type 2 UE, Scenario 1, 2, 3
	Type 2 UE, Scenario 4

	
	
	Delay [slots]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	0
	1
	1
	1
	3
	2

	1
	0.5
	2
	2
	5
	3

	2
	0.25
	3
	2
	9
	5

	3
	0.125
	6
	4
	17
	8



BWP switch where only BB parameters are changed falls under scenario 4.
BWP switching via RRC for PCell and PSCell follows handover procedure, which involves some data interruption.
The role of BWP switching during initial access is still unclear in RAN2.
Observation 5: RAN4 may need to provide some (new) requirements for initial access concerning BWP switching from initial BWP to first active BWP.
Wait for RAN2 agreements on RRC-based BWP switching before introducing RAN4 requirements.
Interruptions to other cells are not allowed for Scenario 4.
Interruptions are allowed for Scenario 1-3 for cells in the same FR.
Interruption duration for SCell activation is reused for BWP switching scenarios 1-3 for other cells.
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