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Introduction
In RAN4 #88bis meeting, the remaining issues on BWP switching delay are identified, which are listed as follows
-	How to consider TA in UL BWP switching delay
-	Whether to specify interruption on DL (or UL) due to UL (or DL) BWP switching for the same carrier
In this contribution we provide further discussion on the above 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 



[bookmark: _Ref521423914]Figure 1: Illustration of the definitions of BWP switching delay in the unit of slot
The BWP switching delay requirement captured in current version of TS 38.133 is copied 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+ TBWPswitchDelay.
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 bwp-InactivityTimer [2] 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+ TBWPswitchDelay.
The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs.
Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (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.



”
The BWP switching delay requirement determined after RAN4 #88bis is specified in Table 8.6.2-1 in TS38.133 [1].The actual time for BWP switching is 600µs + 3 OFDM symbols for Type 1 delay and 2000µs + 3 OFDM symbols for Type 2 delay depending on UE capability and the same requirement applies to scenarios 1/2/3/4 for BWP switching [2]. 
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 [3]. Theoretically, the BWP switching delay duration should be the same for UL and DL. However since the UL timing is earlier than DL timing by the value of TA, the starting and end time of the BWP switching delay for DL and UL will be in different slots. Thus, it is beneficial to separate the BWP switching delay requirement for UL and DL in the spec.



[bookmark: _Ref525569056][bookmark: _Ref525905783]Figure 2: An illustration of DCI-based BWP switching for UL in FDD mode (Type 2 delay and 30 kHz SCS)
Figure 2 illustrates the starting and ending time for UL DCI-based BWP switching in the carrier with 30 kHz SCS in for Type 2 delay 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 DL slot 0. According the TS38.133, 
“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+ TBWPswitchDelay.”
Without compensating the TA value, the UE is required to transmit PUSCH on the new active UL BWP at UL slot 5. The total BWP switching time for UL is shorten due to the existing of TA. The TA value should be compensated in the BWP switch delay requirement for UL transmission. As it is shown in Figure 2, with Type 2 delay requirement (2000µs + 3 OFDM symbols), UE should be required to transmit PUSCH on the new active UL BWP at UL slot 6 (instead of slot 5).

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

The value of TA equals to (NTA + NTA offset) × TC and the maximum TA value is given in TS 38.213, as shown in Table 1. It is shown that for 30 kHz SCS, the maximum TA is 1.01ms. With this TA value, UE only has 5 - 2 (TA value of 1.01ms) = 3 slot to complete BWP switching, which is infeasible. Thus, it can be seen that depending on the value of TA, the delay requirement without compensating TA may not be achievable for UL BWP switching. Longer delay time is needed for BWP switching in UL to compensate the impact of TA.
[bookmark: _Ref525857550]Table 1:  Maximum TA value for different SCS
	SCS
	Maximum NTA (TC)
	Maximum NTA offset (TC)
	maximum TA (ms) 

	15kHz
	3938304
	25600
	2.02 

	30kHz
	1969152
	25600
	1.01

	60kHz
	984576
	13792
	0.51

	120kHz
	492288
	13792
	0.26



Since the actual time for BWP switching is 600µs + 3 OFDM symbols for Type 1 delay and 2000µs + 3 OFDM symbols for Type 2 delay, there are some time margin in the existing delay requirement, i.e., 11 OFDM symbols margin for Type 2 delay. One option is to use this margin to compensate a part of TA value and the remaining part of TA (if it is positive) is the difference between UL and DL BWP switching delay. With this option, one also needs to consider the TA adjustment accuracy specified in TS38.133 (shown in Table 2). The TA adjustment accuracy should be excluded from the time margin before compensating TA. Another option is just to use the entire TA value as the difference between UL and DL BWP switching delay.

[bookmark: _Ref528856563]Table 2: UE Timing Advance adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc




Proposal 2: When BWP switch occurs in UL and UE operates on FDD mode, 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 n +TBWPswitchDelay +Y, where TBWPswitchDelay defined in Table 8.6.2-1 in TS38.133. 
There are two options for values of Y:
Option 1:  Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset);
Option 2:  Y is calculated by taking into account the existing margin in BWP switching delay.  
· Y equals to zero if  (TA + TA offset) < X;
· Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset –X) if (TA + TA offset) ≥ X.
[bookmark: _GoBack]   X is defined in Table 3 shown below.
Table 3.  X values for UL BWP switching delay
	SCS
	For Type 1 Delay UE (µs)
	For Type 2 Delay UE (µs)

	15kHz
	 185.82
	 784.72

	30kHz
	  292.83
	  392.35

	60kHz
	   96.41
	  196.17

	120kHz
	  123.22
	   98.10



Furthermore, when BWP switch occurs in DL (or UL) carrier and UE operates in FDD mode, the corresponding UL (or DL) carrier may be interrupted. As it is shown in Figure 2 that the DL slot #5 and slot #6 are interrupted due to the UL BWP switching. The interruption duration time is 500 µs, which is the RF tuning time. The interruption duration should follow the same requirement as the scenario where BWP switches occurs in one NR serving cell and causes interruption to the other serving cells in inter-band CA.
In current version of TS38.133, the interruption is only specified for different serving cells, which is stated as follows:
“When UE receives a DCI indicating UE to switch its NR active BWP, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing…”
Specification for the interruption to the same carrier needs to be added into the spec. Thus, it is proposed:

Proposal 3: When UE operates in FDD mode, BWP switches in DL (or UL) carrier would cause interruption to the corresponding UL (or DL) carriers. The interruption requirement is the same as BWP switching in inter-band CA specified in TS38.133 section 8.2.2.2.5.
Conclusion
In this contribution, some remaining issues on BWP switching delay is discussed and the proposals are listed as follows,
Proposal 1: The BWP switching delay requirement for UL transmission defined in TS38.133 should take TA and TA offset into account.
Proposal 2: When BWP switch occurs in UL and UE operates on FDD mode, 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 n +TBWPswitchDelay +Y, where TBWPswitchDelay defined in Table 8.6.2-1 in TS38.133. 
There are two options for values of Y:
Option 1:  Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset);
Option 2:  Y is calculated by taking into account the existing margin in BWP switching delay.  
· Y equals to zero if  (TA + TA offset) < X;
· Y equals to the smallest number of slots (depending on SCS) that longer than (TA + TA offset –X) if (TA + TA offset) ≥ X.
   X is defined in Table 3 shown below.

Table 3.  X values for UL BWP switching delay
	SCS
	For Type 1 Delay UE (µs)
	For Type 2 Delay UE (µs)

	15kHz
	 185.82
	 784.72

	30kHz
	  292.83
	  392.35

	60kHz
	   96.41
	  196.17

	120kHz
	  123.22
	   98.10



Proposal 3: When UE operates in FDD mode, BWP switches in DL (or UL) carrier would cause interruption to the corresponding UL (or DL) carriers in the same serving cell. The interruption requirement is the same as BWP switching in inter-band CA specified in TS38.133 section 8.2.2.2.5.
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