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Introduction
Delay requirements for DCI based and timer-based BWP switching are agreed and approved in RANP#82 meeting, which were captured in TS 38.133. In the RAN4#89 meeting, WF on RRC based and MAC based BWP switching method are agreed.
In previous meetings RAN4 agreed to wait for RAN2 agreements before defining requirements for RRC-based BWP switching. In reply to LS from RAN4, in the last RAN2 meeting 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
NR supports BWP switching through any of the following methods, 
1) DCI based BWP switching
2) Timer based  BWP switching
3) RRC based BWP switching
4) MAC CE based BWP switching (RACH case)

BWP switching operation generally involves, reception of BWP switching command, processing time to process the BWP switching command, BWP switching time, Transmission/Reception on new BWP. Based on the method of BWP switching used different delay requirements for different method of BWP switching may needs to be defined. 
BWP switching delay can be consisting of following components
· Processing time required for switching method
· Hardware switching time (RF + Baseband)
· RRM latency
Carrier Bandwidth
Carrier Bandwidth is configured per Sub Carrier Spacing (SCS). Network can configure UE with one or more carrier bandwidths. At most one carrier bandwidth can be configured for each SCS.

CCBW
CarrierBandwidth1, SCS1
CarrierBandwidth2, SCS2




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 bandwidth for two SCS’s does not overlap
Scenario 2: The carrier bandwidth for two SCS’s partially overlaps
Scenario 3: The carrier bandwidth for one SCS is fully contained in the other
Scenario 4: The carrier bandwidth for two SCS’s fully overlaps

In RAN4#89, it was agreed that Scenario 1 and 2 cannot be supported using DCI based BWP switching [5]. However scenario 1 and 2 can be supported by RRC based BWP switching. In this contribution we give our views on delay required for RRC based BWP switching. 
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Figure 2: RRC based BWP Switching



[bookmark: _GoBack]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 and will be defined by RAN4.
RRC based BWP switch can be further divided into 
1) BWP switch to already configured BWP
2) BWP switch to newly configured BWP through RRC re-configuration message

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
Based on the parameters changing with BWP [6], BWP switching can be categorized into fast BWP switching and slow BWP switching. SW processing delay required for fast BWP switch is 650µs and for slow BWP switch is twice as much, that is 1300µs. Since RRC based BWP switching of Scenario 1 and 2 can involve changing many parameters, it can be treated as slow switching process. SW processing time required for slow switching is 1300µs.
In previous meetings it was agreed that the time required to re-tune RF (TRF) is in the range of 50-200µs. If we consider worst case scenario for delay requirement, TRF can be taken as 200µs.  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 tuned. 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. 
For both cases of whether BWP switch to already configured BWP or newly configured BWP, if UE BWP switch falls under scenario 1 or 2, BWP switching time required is 1500µs+TSMTC
Proposal 1: For Scenario 1 and 2 TBWPswitchDelayRRC = 1500µs+TSMTC	
Proposal 2: For Scenario 1 and 2 TBWPSwitchDelay = 10ms+1.5ms+ TSMTC = 11.5ms+TSMTC


RRC based BWP switch for scenario 3 and 4
Since RRC is based BWP switching of Scenario 3 and 4 may also involve changing many parameters [6], it can be treated as slow switching process. SW processing time required for slow switching is 1300µs.
In previous meetings it was agreed that TRF is in the range of 50-200µs. If we consider worst case scenario for delay requirement, TRF can be taken as 200µs.  For Scenario 3 and 4, BWP switching won’t change UE carrier bandwidth and UE RF bandwidth.  Since there is no change in UE RF bandwidth AGC may not be required or maximum coarse AGC may be required, which will take 100-200µs. 
For both cases of whether BWP switch to already configured BWP or newly configured BWP, if UE BWP switch falls under scenario 3 or 4, BWP switching time required is 1500µs+200µs
Proposal 3: For Scenario 3 and 4 TBWPswitchDelayRRC = 1700µs		
Proposal 4: For Scenario 3 and 4 TBWPSwitchDelay = 10ms+1.7ms = 11.7ms



Conclusion
In this contribution we have discussed requirements for RRC-based BWP switching and made the following proposals:
Proposal 1: For Scenario 1 and 2 TBWPswitchDelayRRC = 1500µs+TSMTC	
Proposal 2: For Scenario 1 and 2 TBWPSwitchDelay = 10ms+1.5ms+ TSMTC = 11.5ms+TSMTC
Proposal 3: For Scenario 3 and 4 TBWPswitchDelayRRC = 1700µs		
Proposal 4: For Scenario 3 and 4 TBWPSwitchDelay = 10ms+1.7ms = 11.7ms

References
[1] R4-1814147 WF on UE behavior and network configuration without SCS restriction
[2] R4-1816689 WF on RRC and MAC based BWP switching
[3] TS 38.331-f40 Radio Resource Control (RRC) protocol specification
[4] TS 38.133-f40 Requirements for support of radio resource management
[5] RAN4#89 meeting report
[6] R4-1802270


