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Introduction
In RAN4 #87 meeting one WF was approved by RAN4 [1] for BMP switching. The text in the WF related to the delay duration of BWP switching was duplicated as below,
	· 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



In this contribution we provide further discussion on the requirements for BWP switching delay.
Discussion on BWP switching delay requirement
There are multiple terminologies used in RAN4 and RAN1, which include BWP switching delay, transition time of BWP switching. Firstly, it is necessary to clarify the definitions 
1. Transition time of BWP switching (term used in RAN1): 
a. 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
b. 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.
2. BWP switching delay, which is same as the transition time for BWP switching, is the duration of BWP switching delay is the maximum time it takes UE to physically reconfigure RF and baseband from existing BWP to new BWP. During BWP switching delay, UE is not expected to transmit and receive data. The BWP switching delay includes the following there components:
1. Time for DCI decoding
2. Time for preparing for RF/baseband parameters
3. Time for RF/baseband reconfiguration (applying new parameters) 

In Figure 1, the timeline for BWP switching delay is depicted



Figure 1: Illustration of the definitions of BWP switching delay for the CC with SCS=15 kHz

The BWP switch discussed in RAN4 group focuses on the case of DCI based BWP switching. The delay time includes the time used to decode DCI (in case of DCI based BWP switch), recalculate RF/baseband configuration (e.g. spur estimation, synthesizers reprogramming estimation and LOWIF calculation etc.) and the time UE physically reconfigure RF and baseband. No UE DL and UL data transmission/reception is expected during the BWP switching delay duration. 

For DCI decoding, it takes about 350us for UE complete this procedure, which includes PDCCH decoding and AGC adjustment. The time for RF tuning/re-tuning is 500 us for FR1 (or 250 us for FR2). The main delay duration for BWP switching comes from the procedure of preparing for the RF/baseband reconfiguration. This stage requires RF/baseband parameters preparation including LOWIF, spur estimation and other RF/baseband preparation procedure, which takes about 3 ms in the UE implementation. Therefore, the total delay time for BWP switching is 4 ms, which applies to all the SCS. 

[bookmark: _GoBack]As a result, the previous proposed BWP switching delay time in [2] is not suitable for UE implementation. Longer delay is required for BWP switching due to the measurement resource remapping. If BWP switching delay coincides with the SMTC window or SSB duration configured for serving cell measurement, the on-going measurement will be impacted. In that case, the BWP switching delay may be further extended. Furthermore, the defined BWP switching delay is for single serving cell only, the BWP switching delay requirement is FFS if there are multiple BWP switching associated with multiple serving cells.
Proposal 1: If BWP switching delay does not coincide with any on-going inter-frequency/intra-frequency measurement, the total BWP switching delay is defined in Table 1 below, 

[bookmark: _Ref517698286]Table 1: BWP switching delay
	SCS
	Type 1 delay in Slot
	Type 2 delay in Slot
	Comment

	15kHz
	1
	4
	Scenario 1/2/3

	
	1
	3
	Scenario 4

	30kHz
	2
	8
	Scenario 1/2/3

	
	1
	6
	Scenario 4

	60kHz
	3
	16
	Scenario 1/2/3

	
	2
	12
	Scenario 4

	120kHz
	6
	32
	Scenario 1/2/3

	
	4
	24
	Scenario 4



The proposed delay in Table 1 is for the BWP switching on one single serving cell. If there are multiple BWP switches for multiple serving cells, the requirement BWP switching delay is FFS.

The baseband BWP switching configuration parameters including CP length, DCI format change will cause the same BWP switching delay as the SCS change in scenario 4.  In addition, the BWP switching delay will impact the UE channel estimation since UE will not detect DMRS during the delay time. Thus, performance degradation is expected due to this fact. However, no additional BWP switching delay is expected for UE channel estimation.  

Proposal 2:  BWP switching due to only baseband parameters change has the same delay as BWP switching in scenario 4 in which SCS changes only.

Proposal 3: No additional BWP switching delay is needed for UE channel estimation.
 
Conclusion
In this contribution, we firstly clarify the definition on BWP switching delay and the components in the delay duration. The proposals are listed as follows,
Proposal 1: If BWP switching delay does not coincide with any on-going inter-frequency/intra-frequency measurement, the total BWP switching delay is defined in Table 1 below, 

Table 1: BWP switching delay
	SCS
	Type 1 delay in Slot
	Type 2 delay in Slot
	Comment

	15kHz
	1
	4
	Scenario 1/2/3

	
	1
	3
	Scenario 4

	30kHz
	2
	8
	Scenario 1/2/3

	
	1
	6
	Scenario 4

	60kHz
	3
	16
	Scenario 1/2/3

	
	2
	12
	Scenario 4

	120kHz
	6
	32
	Scenario 1/2/3

	
	4
	24
	Scenario 4



The proposed delay in Table 1 is for the BWP switching on one single serving cell. If there are multiple BWP switches for multiple serving cells, the requirement for BWP switching delay is FFS.

Proposal 2:  BWP switching due to only baseband parameters change has the same delay as BWP switching in scenario 4 in which SCS changes only.

Proposal 3: No additional BWP switching delay is needed for UE channel estimation.
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