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Introduction
Delay requirements for DCI based and timer-based BWP switching are agreed and approved in RAN#82 meeting, which were captured in TS 38.133. In RAN4#90 meeting, it was agreed that no RRM requirements will be defined for MAC based BWP switching/RACH based BWP. It was further agreed that for RRC based BWP switching, single RRM requirement will be defined for BWP switch to existing BWP or new BWP. In previous meetings it was agreed that RAN2 will define RRC processing delay in RAN2 and RAN4 has to define BWP switching delay requirements excluding RRC processing delay. 
In this contribution, we discuss BWP switching delay requirements for RRC-based BWP switching.
Discussion
Upon reception of BWP switch request, BWP switching delay generally involves, processing time to process the BWP switching command and BWP switching time. At the end of BWP switch, UE should be able to Transmit/Receive on new BWP. 
In RAN4#90 meeting, it was agreed that, RRC-based BWP switch delay requirement would be defined based on one of the following options:
Option 1: Single requirement to be defined for RRC based BWP switching based on the worst scenario
Option 2: Two sets of requirement need to be defined for RRC based BWP switching, one set of requirement would be same as option1 and the other requirement might be tightened
In the following sections, we analyse possible scenarios, where RRC based BWP switching may be used and it’s respective delay requirement. Thereby provide our view on which option suits better for possible scenario of usage. 
Carrier Bandwidth
Carrier Bandwidth [1] is configured per Sub Carrier Spacing (SCS). Network can configure UE with one or more carrier bandwidths per Component Carrier (CC) bandwidth. At most one carrier bandwidth can be configured for each SCS. An example illustration two non-overlapping carrier bandwidth is shown in Figure 1. 
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Figure 1: UE carrier bandwidth

In previous meetings it was agreed that UE RF requirement will be based on UE carrier bandwidth, that means UE RF will operate according to carrier bandwidth and no additional BWP related RF requirements are needed.
NR can support up to 4 BWP per Component Carrier (CC). At any given instant one BWP is active and it is called active BWP. Network can configure UE with multiple carrier bandwidths and multiple BWP. Majority of the possible configurations can be summarized into following 4 scenario configurations [1]. 
Scenario 1: The carrier bandwidths do not overlap
Scenario 2: The carrier bandwidths partially overlap
Scenario 3: The carrier bandwidths fully contained in the other
Scenario 4: The carrier bandwidths fully overlap

In RAN4#89, it was agreed that Scenario 1 (shown in figure 1) and 2 cannot be supported using DCI based BWP switching. However scenario 1 and 2 can be supported by RRC based BWP switching. Further network may use RRC based BWP switching where DCI based BWP switching is not supported. Scenario 3 and 4 are supported by DCI/RRC based BWP switching. 

RRC-based BWP switching delay

RRC delay
BWP switch delay RRC
RRC Reconfiguration Complete
RRC Reconfiguration Command




Figure 2: RRC based BWP Switching


In the last RAN4 meeting it was agreed that total RRC based BWP switching delay is equal to 
TBWPSwitchDelay = TRRC_delay + TBWPswitchDelayRRC
TRRC_delay - RRC processing delay is defined by RAN2. According to TS 38.331 this is 10ms
TBWPswitchDelayRRC – RRC based BWP switch delay 
BWP switch can potentially change SCS, BW, Local Oscillator (LO) frequency, AGC settling or subset of the those [6]. In other words BWP switch could potentially change baseband reconfiguration, RF reconfiguration.   
RRC based BWP switch for scenario 1 and 2  
In 36.331 clauses 11.2, RRC connection re-configuration (intra-LTE mobility) delay is defined as 15ms. In broader terms BWP switch for scenario 1 and 2 can be treated as the similar scenario with difference of beam (SSB) acquisition time. In the 15 ms, since RRC processing delay of 10ms also there, we can take 5ms as the time required for BWP switch using RRC based BWP switching. 
BWP switching for scenario 1 and 2, means switching UE carrier bandwidth also.  With the change of UE carrier bandwidth, UE RF has to be re configured. As no AGC information will be available for new carrier BW, UE may have to perform finer AGC, which may require SSB. For performing AGC, we feel TSMTC period may be required. 
RRC based BWP switch delay for scenario 1 or 2 is equal to 5ms+TSMTC
Observation 1: Delay requirements for Scenario 1 and 2 is TBWPswitchDelayRRC = 5ms+TSMTC	
Total RRC based BWP switch delay is given by TBWPSwitchDelay = TRRC_delay + TBWPswitchDelayRRC as discussed above. 
TRRC_delay= 10ms [2]; 
For scenarios 1 and 2, TBWPswitchDelayRRC = 5ms+TSMTC
Observation 2: For Scenario 1 and 2 TBWPSwitchDelay = 10ms+5ms+ TSMTC = 15ms+TSMTC
RRC based BWP switch for scenario 3 and 4 
Scenario 3 and 4 can be supported by DCI based BWP switching. Since BWP switching delay depends on the scenario of operation and scenario being same as DCI based BWP switching, we propose same set of requirements as DCI based BWP switching. Depending on UE capability RRC based BWP switching delay (TBWPswitchDelayRRC) can be same as DCI based BWP delay (TBWPswitchDelay) as defined in Table 1 
Table 1: BWP Switch delay RRC
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelayRRC (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	17

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



Observation 3: For Scenario 3 and 4 TBWPswitchDelayRRC is same as DCI based BWP switching time defined in Table 1 		
Observation 4: For Scenario 3 and 4 TBWPSwitchDelay = 10ms+ TBWPswitchDelayRRC
Summary
RRC based BWP switching starts with RRC reconfiguration command and ends with RRC reconfiguration complete message on new BWP. Unlike DCI based BWP switching where network may not know when a BWP switch is completed, RRC based BWP switch provides a form of acknowledgement through RRC reconfiguration complete message. Due to this we feel single set of requirement can be sufficient for RRC based BWP switch. Based on the above observations, for possible scenarios of operation where RRC based BWP switching can be used, we propose
Proposal 1:  Single requirement to be defined for RRC based BWP switching based on the worst case scenario
It can be noted that, delay requirement for scenario 3 and 4 (Observation 4) is always shorter than delay requirement for Scenario 1 and 2 (Observation 2). Single requirement based on scenario 1 and 2 shall suffice for all scenarios of RRC based BWP switch. Thereby we propose, 
Proposal 2: RRC based BWP switch delay to be defined as TBWPSwitchDelay = 15ms+TSMTC
1. Conclusion
In this contribution we have discussed requirements for RRC-based BWP switching and made the following proposals:
Proposal 1:  Single requirement to be defined for RRC based BWP switching, based on the worst case scenario
Proposal 2: RRC based BWP switch delay to be defined as TBWPSwitchDelay = 15ms+TSMTC
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