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Introduction
In this paper we discuss the requirements for cross-carrier active BWP switching delay for new numerologies defined for NR 52.6 – 71 GHz operation. 
Discussion
The requirements for DCI-based BWP switching delay for the case of cross-carrier scheduling are defined in 3GPP TS38.133 in the following way:

	For DCI-based BWP switch, after the UE receives BWP switching request at DL 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 on the first DL or UL slot occurs right after a time duration of TBWPswitchDelay + Y which starts from the beginning of DL slot n. Where,
-	Y=0, if the serving cell where UE receives DCI for BWP switch request is same as the serving cell on which BWP switch occurs.
-	Y equals to the length of 1 slot, if the serving cell where UE receives DCI for BWP switch is different from the serving cell on which BWP switch occurs for any involved serving cell. In this scenario, TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change.




As we can see, 1 extra slot is considered for the case of cross-carrier scheduling to address the difference in the receive timing on different carriers. However, the slot length for 480kHz and 960kHz SCS is short and relative receive timing difference between slot timing boundary of different carriers may be longer than 1 slot.
Proposal 1: MRTD value should be considered for BWP switching delay definition in cross-carrier scheduling case. 
Receive timing difference may increase the overall BWP switching delay if the signal from the cell carrying DCI with BWP switch request comes later that the signal from the cell where BWP switch should occur. The example is shown in Figure 1 for clarification. The BWP switch request for CC2 is sent in slot N of CC1. Due to imperfections in frame alignment between CCs and due to propagation delay difference, the signal from CC1 comes later. When the signal is received, we need to consider 3 more symbols to read DCI in CC1. Only after that CC2 will start BWP switching. Therefore, the TBWPswitchDelay can be calculated as follows:
TBWPswitchDelay = ⌈(MRTD + 3*Tsymb,DCI + BWP switch duration ) / Tslot ⌉
	

Figure 1. Cross-carrier BWP switch time budget



Proposal 2: RAN4 to define BWP switching delay requirements in cross-carrier scheduling case using the following formula:
TBWPswitchDelay = ⌈ (MRTD + 3*Tsymb,DCI + BWP switch duration) / Tslot, ⌉	, where
MRTD – maximum receive timing difference between the serving cell where UE receives DCI for BWP switch and the serving cell on which BWP switch occurs 
Tsymb,DCI – symbol length at the serving cell where UE receives DCI for BWP switch
BWP switch duration – time required for the UE to reconfigure its BWP
Tslot – slot length at the serving cell on which BWP switch occurs

Th value for MRTD in the formula from Proposal 2 depends on the specific deployment scenario. During RAN4 #100-e the following agreement was made [1]:
	· Define the requirements for the following deployment scenarios with equal priority:
· Standalone single carrier and CA in FR2-2
· FR2-2 CA and DC with anchor on FR1


Based on that agreements and on the fact that there is only one agreed band in FR2-2 for now (so no inter-band CA/DC within FR2-2) the following MRTD scenarios should be considered:
· Intra-band non-contiguous NR CA within FR2-2
· Inter-band NR CA between FR1 and FR2-2
· Inter-band NR DC between FR1 and FR2-2 (no differentiation between synchronous and asynchronous cases as it is discussed in [2])
Tables 1-3 summarize the calculation of TBWPswitchDelay for the abovementioned scenarios, for Type 1 and Type 2 UEs for different SCS of the serving cell where UE receives DCI for BWP switch (SCSDCI) and for different SCS of the serving cell on which BWP switch occurs (SCSBWPswitch). 

Table 1 Summary on cross-carrier BWP switch delay for intra-band non-contiguous NR CA within FR2-2
	SCSBWPswitch (kHz)
	Tslot (us)
	MRTD (us)
	[bookmark: _Hlk85364622]SCSDCI (kHz)
	3*Tsymb,DCI (us)
	BWP switch duration (us)
	BWP switch delay TBWPswitchDelay (slots)

	480

	31.25

	[0.26]
	960
	3.3482
	600
	20

	
	
	
	
	
	2000
	65

	
	
	
	480
	6.6964
	600
	20

	
	
	
	
	
	2000
	65

	
	
	
	120
	26.7857
	600
	21

	
	
	
	
	
	2000
	65

	960
	15.625
	
	960
	3.3482
	600
	39

	
	
	
	
	
	2000
	129

	
	
	
	480
	6.6964
	600
	39

	
	
	
	
	
	2000
	129

	
	
	
	120
	26.7857
	600
	41

	
	
	
	
	
	2000
	130



Table 2 Summary on cross-carrier BWP switch delay for inter-band NR CA between FR1 and FR2-2
	SCSBWPswitch (kHz)
	Tslot (us)
	MRTD (us)
	SCSDCI (kHz)
	3*Tsymb,DCI (us)
	BWP switch duration (us)
	BWP switch delay TBWPswitchDelay (slots)

	480

	31.25

	[25]
	60
	53.5714
	600
	22

	
	
	
	
	
	2000
	67

	
	
	
	30
	107.1429
	600
	24

	
	
	
	
	
	2000
	69

	
	
	
	15
	214.2857
	600
	27

	
	
	
	
	
	2000
	72

	960
	15.625
	
	60
	53.5714
	600
	44

	
	
	
	
	
	2000
	134

	
	
	
	30
	107.1429
	600
	47

	
	
	
	
	
	2000
	137

	
	
	
	15
	214.2857
	600
	54

	
	
	
	
	
	2000
	144



Table 3 Summary on cross-carrier BWP switch delay for inter-band NR DC between FR1 and FR2-2
	SCSBWPswitch (kHz)
	Tslot (us)
	MRTD (us)
	SCSDCI (kHz)
	3*Tsymb,DCI (us)
	BWP switch duration (us)
	BWP switch delay TBWPswitchDelay (slots)

	480

	31.25

	[33]
	60
	53.5714
	600
	22

	
	
	
	
	
	2000
	67

	
	
	
	30
	107.1429
	600
	24

	
	
	
	
	
	2000
	69

	
	
	
	15
	214.2857
	600
	28

	
	
	
	
	
	2000
	72

	960
	15.625
	
	60
	53.5714
	600
	44

	
	
	
	
	
	2000
	134

	
	
	
	30
	107.1429
	600
	48

	
	
	
	
	
	2000
	137

	
	
	
	15
	214.2857
	600
	55

	
	
	
	
	
	2000
	144




Proposal 3: RAN4 to define requirements for cross-carrier BWP switch delay as it is shown in Tables 4-6 

[bookmark: _Hlk78931548]Table 4: Cross-carrier BWP switch delay for intra-band non-contiguous NR CA within FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	120
	20
	65

	
	
	480
	20
	65

	
	
	960
	21
	65

	6
	15.625
	120
	39
	129

	
	
	480
	39
	129

	
	
	960
	41
	130



[bookmark: _Hlk85616290]Table 5: Cross-carrier BWP switch delay for inter-band NR CA between FR1 and FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	60
	22
	67

	
	
	30
	24
	69

	
	
	15
	27
	72

	6
	15.625
	60
	44
	134

	
	
	30
	47
	137

	
	
	15
	54
	144



[bookmark: _Hlk85616277]Table 6: Cross-carrier BWP switch delay for inter-band NR DC between FR1 and FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	60
	22
	67

	
	
	30
	24
	69

	
	
	15
	28
	72

	6
	15.625
	60
	44
	134

	
	
	30
	48
	137

	
	
	15
	55
	144


Note: If the MRTD requirements different from the used in calculation will be agreed, tables 4-6 will be changed accordingly 


Conclusion
In this paper we discussed the requirements for cross-carrier active BWP switching delay for new numerologies defined for NR 52.6 – 71 GHz operation. The following proposals were made:
Proposal 1: MRTD value should be considered for BWP switching delay definition in cross-carrier scheduling case. 

Proposal 2: RAN4 to define BWP switching delay requirements in cross-carrier scheduling case using the following formula:
TBWPswitchDelay = ⌈ (MRTD + 3*Tsymb,DCI + BWP switch duration ) / Tslot ⌉	, where
MRTD – maximum receive timing difference between the serving cell where UE receives DCI for BWP switch and the serving cell on which BWP switch occurs 
Tsymb,DCI – symbol length at the serving cell where UE receives DCI for BWP switch
BWP switch duration – time required for the UE to reconfigure its BWP
Tslot – slot length at the serving cell on which BWP switch occurs

Proposal 3: RAN4 to define requirements for cross-carrier BWP switch delay as it is shown in Tables 4-6

Table 4: Cross-carrier BWP switch delay for intra-band non-contiguous NR CA within FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	120
	20
	65

	
	
	480
	20
	65

	
	
	960
	21
	65

	6
	15.625
	120
	39
	129

	
	
	480
	39
	129

	
	
	960
	41
	130



Table 5: Cross-carrier BWP switch delay for inter-band NR CA between FR1 and FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	60
	22
	67

	
	
	30
	24
	69

	
	
	15
	27
	72

	6
	15.625
	60
	44
	134

	
	
	30
	47
	137

	
	
	15
	54
	144



Table 6: Cross-carrier BWP switch delay for inter-band NR DC between FR1 and FR2-2
	[image: ]
	NR Slot length 
(ms)
	SCSDCI
(kHz)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	
	Type 1
	Type 2

	5
	31.25
	60
	22
	67

	
	
	30
	24
	69

	
	
	15
	28
	72

	6
	15.625
	60
	44
	134

	
	
	30
	48
	137

	
	
	15
	55
	144


Note: If the MRTD requirements different from the used in calculation will be agreed, tables 4-6 will be changed accordingly 
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