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Introduction
In RAN4 #88 meeting, some agreements are approved on BWP switching delay. The text related to the delay duration of BWP switching was duplicated as below,
	· Type 2 BWP switching delay is unchanged.
· 3 OFDM symbols carrying DCI is added to BWP switching delay.
· Delay for BWP switching of scenario 4 and others shall follow the delay of scenario 1/2/3.
· Wait for RAN2 decision on whether different RRC delays are defined for RRC processing time with and without BWP switching.


In this contribution we provide further discussion on the remaining issues for BWP switching delay.
UL BWP switching delay 
Based on the agreement in RAN4 #88 meeting, the BWP switching delay includes the following four components:
a. PDCCH transmission: 3 OFDM symbols
b. Time for DCI decoding
c. Time for preparing for RF/baseband reconfiguration (software overhead)
d. Time for RF tuning (applying new RF/baseband parameters) 

Furthermore, it has been approved that the BWP switching delay requirement is in the unit of slot of the serving cell. In Figure 1, the timeline for BWP switching delay (in the unit of slot) is depicted [2]



[bookmark: _Ref521423914]Figure 1: Illustration of the definitions of BWP switching delay in the unit of slot
The related statement for BWP switching delay is captured in [1], and duplicated as follows:
“For DCI-based BWP switch, after the UE receives BWP switching request at slot n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+Y. 
For timer-based BWP switch, the UE shall start BWP switch at slot n, where n is the beginning of a subframe (FR1) or half-subframe (FR2) immediately after a BWP-inactivity timer expires on a serving cell, and the UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch occurs no later than at slot n+Y.
The UE is not required to transmit UL signals or receive DL signals during time duration Y on the cell where DCI-based BWP switch or timer-based BWP switch occurs.
Depending on UE capability, UE shall finish BWP switch within the time duration Y defined in Table 8.6.2-1. 
Table 8.6.2-1: BWP switch delay 
	[image: ]
	NR Slot length (ms)
	BWP switch delay Y (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	TBD
	[3]

	1
	0.5
	TBD
	[5]

	2
	0.25
	TBD
	[9]

	3
	0.125
	TBD
	[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.


”
One issue on the existing BWP switching delay requirement is that the delay requirements for UL and DL are not separated, which may cause confusion. From UE perspective, the delay due to BWP switching is an absolute number and it is the same for UL and DL. However since the UL timing and DL timing differs by the value of TA, the starting time of the BWP switching delay for DL and UL should be different.

Observation 1: The BWP switching delay requirement for UL transmission defined in TS38.133 should take TA and TA offset into account.




[bookmark: _Ref525569056][bookmark: _Ref525905783]Figure 2: An illustration of DCI-based BWP switching delay for UL in FDD mode
Figure 2 illustrates the starting and ending time for UL DCI-based BWP switching in the carrier with 30 kHz SCS in FDD mode. As it is shown in the figure, if DCI command is received at DL slot 0, BWP switching is defined to start at the boundary of DL slot 0 in DL. Due to the fact the UL transmission is earlier than DL transmission by TA, and with the same delay duration for BWP switching in DL and UL, the UE shall be able to receive PUSCH on the new BWP on the serving cell at UL slot 6 as shown in Figure 2. The value of TA equals to (NTA + NTA offset) × TC and its maximum value is shown in Table 1.
[bookmark: _Ref525857550]Table 1:  Maximum TA value for different SCS
	SCS
	Maximum NTA (TC)
	Maximum NTA offset (TC)
	maximum TA 

	15kHz
	32768
	25600
	29.71 µs

	30kHz
	16384
	25600
	21.37 µs

	60kHz
	8192
	25600
	17.2 µs

	120kHz
	4096
	25600
	15.12 µs



Furthermore, when BWP switch occurs in DL (or UL) carrier and UE operates in FDD mode in FR1, the corresponding UL (or DL) carrier will be interrupted. As it is shown in Figure 2 that the DL slot 4 and DL slot are interrupted due to the UL BWP switching. The interruption duration is 500 µs which is the RF tuning time. For TDD mode, it is a bit complicated due to dynamically scheduling of UL/DL slot or subslot by network. Thus, we propose that it is FFS for the interruption due to BWP switching in TDD case.   
As a summary, it is proposed that 
Proposal 1: When BWP switch occurs in UL, after UE receives BWP switching request at DL slot n (for DCI-based BWP switch), or the BWP-inactivity timer expires at DL slot n (for timer-based BWP switch), UE shall be able to transmit PUSCH (for UL active BWP switch) on the new BWP no later than at UL slot m+Y, where
,
[bookmark: _GoBack]and Y is BWP switch delay defined in Table 8.6.2-1 in TS36.133.

Proposal 2: When UE operate in FDD mode in FR1, BWP switching in DL (or UL) carrier will interruption to the corresponding UL (or DL) carriers. The interruption duration is defined in Table 2.
[bookmark: _Ref525856235]Table 2: Interruption duration for BWP switching in FDD
	SCS
	Interruption length (slot)

	15kHz
	1

	30kHz
	2

	60kHz
	3


It is FFS for interruption due to BWP switching in TDD mode.
Conclusion
In this contribution, some remaining issues on BWP switching delay is discussed and the proposals are listed as follows,
Observation 1: The BWP switching delay requirement for UL transmission defined in TS38.133 should take TA and TA offset into account.
Proposal 1: When BWP switch occurs in UL, after UE receives BWP switching request at DL slot n (for DCI-based BWP switch), or the BWP-inactivity timer expires at DL slot n (for timer-based BWP switch), UE shall be able to transmit PUSCH (for UL active BWP switch) on the new BWP no later than at UL slot m+Y, where
,
and Y is BWP switch delay defined in Table 8.6.2-1 in TS36.133.

Proposal 2: When UE operate in FDD mode in FR1, BWP switching in DL (or UL) carrier will interruption to the corresponding UL (or DL) carriers. The interruption duration is defined in Table 2.
Table 2: Interruption duration for BWP switching in FDD
	SCS
	Interruption length (slot)

	15kHz
	1

	30kHz
	2

	60kHz
	3


It is FFS for interruption due to BWP switching in TDD mode.
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